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Abstract: This article presents a case of osteomyelitis variolosa from a skeleton excavated in the
Western Cemetery at Cirencester (Corinium) in Britain, dated to the 3rd or 4th c. CE. This osteological
condition is caused by the variola virus, the causative agent of smallpox, and is found in some indi-
viduals who have survived a childhood smallpox infection, the condition manifesting many years
later. The significance of this discovery is that it indicates that smallpox had been introduced into
the Roman world, and to Britain in particular, by the late 3rd or 4th c. CE. Rather than postulating
a separate and unrecorded introduction of smallpox into the Roman empire, we suggest that this dis-
covery strengthens the case for seeing the 2nd-c. Antonine Plague as an early form of smallpox.
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Introduction

Osteomyelitis variolosa is an osteological condition caused by the variola virus (the
causative agent of smallpox) and is found in some individuals who have contracted small-
pox in childhood but survived. There may be both short-term and long-term osteological
effects, and some of these may appear only some years or decades after the initial smallpox
infection. Here we present a case of osteomyelitis variolosa identified in a skeleton from the
Western Cemetery at Cirencester (Corinium) in Britain, dated to the 3rd or 4th c. CE. Its
significance is that it makes a contribution to the current debate over the antiquity of small-
pox, as it shows that smallpox was present in late 3rd- or 4th-c. Britain. The findings have
implications also for our understanding of the 2nd-c. Antonine Plague, whose identifica-
tion as smallpox has been hotly contested in recent years.

Identification of osteomyelitis variolosa in osteology

Viral infections are typically acute, often leaving insufficient time for the development
of macroscopically discernible changes in bone before the resolution of the disease by
recovery or the death of the victim." However, smallpox (variola) stands out as one of
the few viral diseases recognizable in the archaeological record through skeletal remains.
Despite the fact that smallpox was declared in 1980 by the World Health Organization
to have been eradicated after a worldwide vaccination campaign in the 1970s, adults
who survived a childhood infection of smallpox continue to present at clinics in India
and China with skeletal abnormalities.”> This kind of bone involvement is called

1 Grauer and Roberts 2019, 450.
2 Khurana et al. 2019, 813; Tang et al. 2021.
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osteomyelitis variolosa and occurs mainly in people who have had a smallpox infection in
childhood - cases arising from a smallpox infection in adulthood are not unknown, but are
very rare. The smallpox virus may directly infect bone marrow cells, disrupting the pro-
cesses of bone growth and resorption (loss of bone cells that are absorbed back into the cir-
culatory system) especially in its acute stage, or it may induce an autoimmune response that
triggers inflammation, similar to the mechanisms observed in other viral arthritis.> During
smallpox epidemics in the 20th c., approximately 2-5% of affected children, or 0.25-0.5%
of all patients, exhibited osteoarticular manifestations, most frequently affecting the elbows,
wrists, ankles, hands, and feet.* These osteoarticular complications typically appear between
the first and fourth week of illness, initially presenting as gradual swelling around the joints
and eventually affecting the adjacent long bones.” It is thought that the reason children are
affected is that their bones have not stopped growing, and the virus attacks the skeleton par-
ticularly through the physeal growth plate, an area of cartilage towards the end of the long
bones where longitudinal growth takes place.® This would explain why the joints are particu-
larly affected, and why those who contract smallpox in adulthood rarely show osteological
damage, since the cartilage growth plate has been replaced by an ossified plate once growth
stops. The resulting deformities from the osteoarticular complications may arise from repara-
tive ossification and distortion, including the cessation of longitudinal bone growth, possibly
due to the destruction of the physeal growth plate.” In those who survive a childhood infec-
tion, further complications may arise in adult life, continuing to progress into old age.

In the archaeological record, 11 individuals with potential smallpox bone involvement
have been identified thus far. They come from France, England, Canada, Portugal, Peru,
and the United States, and date between the 10th and 19th c. CE (Table 1).® No individual
before the 10th c. CE has previously been identified as having osteomyelitis variolosa.

Short-term and long-term sequelae of smallpox

Short-term consequences, or “sequelae”, of smallpox, such as skeletal involvement, typic-
ally manifest between one and six weeks following the onset of infection. During the incuba-
tion of smallpox, the virus may infect the bone marrow and cause inflammation and swelling
of the soft tissue around joints, resulting in painful and restricted movement.” The skeletal
effects are typically but not always bilateral (affecting both the left and the right limbs), and
characterized by nonsuppurative osteomyelitis with necrosis, suppurative (pus-producing)
arthritis as a result of a secondary infection, and multifocal nonsuppurative arthritis."” Five

3 Resnick and Niwayama 1995, 2529; Grauer and Roberts 2019, 450; Drago et al. 2020, 2; Oliveira
et al. 2020, 8; Resnick and Niwayama 1995, 2529.

*  Cockshott and MacGregor 1958, 377; Cockshott and MacGregor 1959; Khurana et al. 2019.

° Khurana et al. 2019, 813.

6 Cockshott and MacGregor 1958, 384-85; cf. Crawford et al. 2024, 68.

7 Singh 2010, 1001; Mugalur et al. 2015, 116.

8 Crawford et al. 2024, 67. They also cite a 12th case from North Shields, England (1711-1857), but
in fact this is interpreted by the original study (Roberts et al. 2016) as a case of “phossy jaw,”
caused by phosphorus poisoning, with smallpox considered and rejected as an alternative
diagnosis.

o Cockshott and MacGregor 1959, 58-59; Davidson and Palmer 1963, 688.

1 Cockshott and MacGregor 1959, 59; Davidson and Palmer 1963, 687; Plesca et al. 2013, 167; Shah
et al. 2013.
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Table 1.
Identified cases of osteomyelitis variolosa in medieval and early modern populations (after Crawford
et al. 2024, 67, table 1, with additions and modifications).

No. Location Date Age at death Reference

1 Soham, Cambridgeshire, England 10th c. 5-6 Hall and Ponce 2019

2 Pont-sur-Seine, Aube, France 1022-1155 15-17 Darton et al. 2013

3  Aubeterre-sur-Dronne, Charente, France 11th-19th c¢. N/A Coqueugniot et al. 2022

4  Convent of Jacobins of Rennes, France 14th-18th c. 20-49 Colleter 2021

5  Sarilhos Grandes, Portugal 14th-19th c. 30-49 Magalhaes et al. 2021

6  Serta, Portugal 15th-19th c. unknown Magalhaes et al. 2021

7 Huanchaco, Peru (IG-493) 1540 1.5 Tschinkel et al. 2024

8  Huanchaco, Peru (IG-124) 1540 1.5 Tschinkel et al. 2024

9  Grimsby Cemetery, Ontario, Canada 1640-1650  young adult Jackes 1983

10 Mummy Caves, Kagamil Island, Alaska pre-1750 12 Ortner 2007

11 St Marylebone Old Church, London, 1750-1851 4 Miles et al. 2008
England

archaeologically identified individuals, all under the age of 13, exhibit bone alterations indica-
tive of these short-term effects, suggesting they did not survive long enough for more pro-
longed impacts of the disease to develop (Table 1, nos. 1, 7, 8, 10, 11).

Long-term manifestations are seen in individuals who survived the original smallpox
infection longer. They include joint instability, diminished function, and restricted mobility.
Additionally, necrosis in fusing joints may lead to epiphyseal fusion, resulting in bone distor-
tion, malformation, and ankylosis (joint stiffness and rigidity)."" These late-stage conditions
are typically observed in individuals more than a decade after the smallpox infection, and
may continue to progress and deteriorate for many years, until the individual’s death.'?

The primary distinction lies in the immediacy and type of skeletal involvement, with
short-term effects being more reversible and less severe than the often irreversible, debili-
tating long-term conditions that emerge years after the initial disease episode. Skeletal evi-
dence of short-term sequelae in adults is exceedingly rare, but smallpox should still be
considered among the differential diagnoses when such lesions are observed.'® This is par-
ticularly relevant in the archaeological record, especially for periods when smallpox was
less likely to have been endemic, as its impact on adults may have been less rare than sug-
gested in the clinical literature."* While later-stage lesions generally present bilaterally,
some older clinical reports show that secondary pyogenic (suppurative or pus-producing)
infections may occur unilaterally.'> Where lesions do present bilaterally, they are not neces-
sarily precisely symmetrical.

" Cockshott and MacGregor 1959, 59; Davidson and Palmer 1963, 687; Crawford et al. 2024, 70.

2 Cockshott and MacGregor 1959, 61; Margolis et al. 1978, 262; Purandarnath and Douraiswami
2011, 125; Nema et al. 2012, 3426; Khurana et al. 2019, 813; Tang et al. 2021, 6.

13 Crawford et al. 2024, 70.
“  Crawford et al. 2024, 70.

5 Cockshott and MacGregor 1958, 378; Cockshott and MacGregor 1959, 61; Crawford et al. 2024,
70.
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Lesion distribution

The most clearly diagnostic skeletal indicator of osteomyelitis variolosa is involvement of
the arms, and particularly the bilateral involvement of the elbow joints.'® As the key work on
the archaeological identification of osteomyelitis variolosa, by Crawford et al, puts it:
“Elbow involvement was documented in 80% of smallpox patients displaying bone involve-
ment, and bilaterality was a key feature, which Cockshott and Macgregor (1958) stated was
present on radiographs even when the condition was presenting unilaterally externally.”'” In
all published archaeological cases of osteomyelitis variolosa, lesions are recorded on both
elbows unless only one has been preserved.'® An additional characteristic feature of this con-
dition is that it affects all three bones of the arm — the humerus, radius, and ulna — where the
pathology often initially manifests in the proximal radius and ulna."

Lower limb involvement is also observed and may develop independently of the
upper limb pathology.*® In both acute and chronic stages, pathological alterations affect
the joints, with chronic cases frequently exhibiting periosteal involucrum, a hallmark of
persistent osteomyelitis. Osseous changes in the lower limbs include periosteal involu-
crum, a thickened layer of viable bone that forms in response to osteomyelitic inflamma-
tion, which has been recorded surrounding the epiphyses (the enlarged wide ends of
long bones that articulate with the joints) of the tibia and fibula.*' Skeletal lesions have
also been identified in the tibiae, fibulae, and femora of individuals who died of small-
pox.?* Crawford et al. note: “The joints may also be affected, with ankle abnormalities
seen in 18% of paediatric patients with bone involvement (Cockshott and MacGregor,
1959) and 50% of adults with typical late smallpox manifestations (Tang et al., 2021). In
adult individuals with osteomyelitis variolosa, distortion of the calcaneus (such as flatten-
ing and shortening) is a commonly reported symptom, potentially due to long-term
changes in mobility and weight bearing.”**

Pathological involvement is not confined to the long bones but also affects the small
bones of the hands and feet, where destruction of the epiphyses and arrested
growth can occur.®* Initially, the involvement of these bones is characterized by inflam-
matory lytic lesions — areas of bone resorption that create pitted defects on the bone
surface.** Chronic cases may result in stunted, shortened digits; these too are typically
bilateral. >

Despite the extensive skeletal manifestations of osteomyelitis variolosa, certain regions
remain largely unaffected. The ribs, spine, and pelvis are not involved,*® and cranial

1® Cockshott and MacGregor 1959, 61; Davidson and Palmer 1963, 688; Ortner 2008, 212; Khurana
et al. 2019, 813; Crawford et al. 2024, 72.

17 Crawford et al. 2024, 72.

18 Crawford et al. 2024, 72.

1 Crawford et al. 2024, 72.

% Cockshott and MacGregor 1958, 378; Cockshott and MacGregor 1959; Crawford et al. 2024, 72.
? Cockshott and MacGregor 1959, 61; Crawford et al. 2024, 72, 74.

2 Crawford et al. 2024, 74.

% Crawford et al. 2024, 74.

2 Crawford et al. 2024, 74.

»  Ortner 2003, 355; Singh 2010, 1002; Crawford et al. 2024, 74.

2% Crawford et al. 2024, 74.
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manifestations are rare — to date, only a single clinical case of skull involvement has been
documented, occurring in an eight-year-old girl, and three cases in archaeology, including
two 1.5-year-old infants from Peru, and one 12-year-old child from Alaska.””

Individual sk847 from Cirencester

The Western Cemetery of Roman Cirencester is situated at the former site of Bridges
Garage on the western edge of modern Cirencester, approximately 130 m outside the
town walls of Roman Corinium (Fig. 1). Excavations conducted by Cotswold
Archaeology from September 2011 to February 2015 revealed a total of 118 inhumations
and 8 cremation burials. Stratigraphic analysis identified two principal phases of use:
Period 1, from the late 1st to early 3rd c. CE, and Period 2, from the late 3rd to 4th
c. CE, although some burials defy precise chronological assignment.*®

Individual B1187, catalogued as sk847 in the Corinium Museum collection, was interred
in a grave designated as 848, assigned stratigraphically to Period 2. The grave is sub-
rectangular, with vertical sides and a flat base. The deceased was laid supine, with the
right arm draped over the pelvis and the left arm across the abdomen, the body oriented
northwest to southeast (Fig. 2). Archaeological finds within the grave included 14 iron cof-
fin nails and 85 iron hobnails, which from their position at the skeleton’s feet must derive
from footwear, suggesting that the deceased was buried with shoes or sandals on, and
probably other clothes too.”” Ten residual sherds of Dorset Black-burnished ware from
the grave fill date from the mid-3rd to 4th c. CE.*® The grave cut two earlier burials
(B1192, whose fill contained late 3rd- to 4th-c. pottery, and B1194, undated), and its fill
was cut by another burial, B1189, whose fill contained residual material from the 2nd to
4th c. CE.>! Burial B1187 seems to date, therefore, to the later 3rd or to the 4th c. CE.
Both the grave and associated finds were similar to other burials in the cemetery, and in
the absence of isotopic studies, we cannot say whether this individual was born in
Britain or migrated there later in life.

The skeleton is approximately 90% complete, with most elements at least partially pre-
served, and the bones are in very good condition. It is identified as a male aged between 41
and 50 years and displays a variety of lesions attributable to multiple etiologies.*®
Osteophytes (bone spurs) on the thoracic vertebrae, left-hand phalanx, right wrists,
and the glenoid cavity of the right scapula probably result from advanced age and
repetitive joint use throughout the individual’s lifetime. The remaining lesions observed

are, we argue, caused by osteomyelitis variolosa, as sequelae of a smallpox infection in
childhood.

¥ Cockshott and MacGregor 1959, 60; Ortner 2003, 335; Ortner 2007, 105; Tschinkel et al. 2024, 37.
2 Holbrook et al. 2017.
*  Wright et al. 2017, 39, listed under “grave goods”. See Weekes 2019, 764.

% Wright et al. 2017, 39; the designation “TF74” for the pottery refers to fabric 74 of the Cirencester
series, which is Dorset Black-burnished ware: McSloy in Holbrook et al. 2017, 92 and 93,
Table 4.4.

31 Wright et al. 2017, 39, 41.
%2 Geber 2017b, 26.
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Fig. 1. Plan of Roman Corinium, and the location of the Western Cemetery, at the site of the former Bridges
Garage. (Holbrook et al. 2017, 2, fig. 1.1, courtesy of Cotswold Archaeology.)
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Fig. 2. Plan of burial B1187 at Cirencester, showing position of the skeleton sk847 and associated artifacts. Note the
flexed left arm laid across the abdomen. (Wright et al. 2017, 38, fig. 3.44, courtesy of Cotswold Archaeology.)

During a comprehensive survey, undertaken by the first author, of skeletal pathologies
across 209 cemeteries from Roman Britain, this burial was identified as being of particular
interest, given the suggestion in the excavation report by the osteologist, Jonny Geber, that
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the osteomyelitic infection of the left elbow joint might indicate smallpox, although he con-
cluded that direct trauma was a more likely cause.”® The most effective method of differ-
entiating between the alternative hypotheses of osteomyelitis variolosa associated with
smallpox and osteomyelitis as a result of direct trauma involves examining the distribution
of the lesions across the skeleton, with particular emphasis on the presence of bilateral
pathological changes in the elbows. Osteomyelitis variolosa frequently (but not always)
presents bilaterally, especially in the elbows, while if osteomyelitic infection resulted
from direct trauma one would expect it to be present in one elbow only. Permission was
therefore sought and obtained from the Corinijum Museum to study the bones at first
hand, with the aim of resolving the question. A visit to the museum was undertaken on
April 12, 2024, during which the pathology of the entire skeleton was thoroughly reas-
sessed, with a particular emphasis on the right arm, for which less detail had been
given in the excavation report.

Description of pathology

Multiple lesions and pathologies have been identified in individual sk847. Some path-
ologies present as degenerative changes, which are readily discernible, whereas others
require more nuanced interpretation.

Lesions to be interpreted: elbows

The most noticeable pathological change on this individual is the badly deformed left
arm, which was carefully documented by Geber. His report is worth quoting here (we
have added numbers in square brackets, referring to Figure 3 in order to illustrate the tech-
nical terminology used):**

Severe osteomyelitic infection of the left elbow joint, resulting in a 90° flexed
ankylosis. The distal humerus is displaying sclerotic porotic new bone across
the entire anterior and posterior surface of the epiphysis [1] and metaphysis [2],
with nodular new bone on the interosseus margin [3]. The entire fossa [4] and
condyle [5] is destroyed, and a 14x11 mm large cloaca [6] is present on the medial
surface of the original location of the tubercle [7], and an abscess [8] would have
been present transverse across the interior of the bone onto the lateral portion of
the epiphysis. Considerable damage and infection are also evident of the entire
olecranon™ of the ulna, where a more lytic appearance is observed superior of
the radial head articulation and a continuation of the abscess into the olecranon.
The head of the radius does also display this lytic abscess, at the medial aspect
(10x14 mm) [Fig. 4d]. The full extent of the osteomyelitic abscess, positioned
within the elbow joint, would have been approximately 35x35 mm. The infection
may indicate smallpox.

The left elbow joint thus exhibited complete destruction as a result of infection, with all
three constituent bones — radius, ulna, and humerus - significantly affected (Figs. 3-4).
The infection probably reached its most severe or acute stage within the marrow of the dis-
tal humerus, where the accumulation of pus started. As this accumulation of necrotic deb-
ris expanded, it compromised the structural integrity of the bone’s cortex, leading to
thinning of the cortex and the eventual formation of a cloaca — an opening through the

3 Geber 2017a, 116; Geber 2017b, 26.
34 Geber 2017b, 26.

*®  The proximal articular portion of the ulna, the tip of the elbow.
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Fig. 3. Comparison between a normal left humerus, from a male
adult 1040 from the Late Roman cemetery at Little Keep,
Dorchester, dated to the 4th c. CE, and the left humerus of
sk847 from Cirencester. (a) Posterior view of a normal left
humerus. (b) Posterior view of the left humerus of sk847. (c)
Anterior view of a normal left humerus. (d) Anterior view of
the left humerus of sk847. Features mentioned in Geber’s
description are numbered as follows: 1. Epiphysis;
2. Metaphysis; 3. Nodular new bone on the interosseus margin;
4. Fossa; 5. Condyle; 6. Cloaca; 7. Tubercle (of the medial epicon-
dyle). 8. Bone eaten away by abscess. (Photos: H. Zhao; mon-
tage: A. Wilson.)

cortex that facilitated the drainage
of pus out of the bone (Fig. 3, no.
6; Fig. 4a). The bone damage here
is also indicative of the effects typ-
ically associated with suppurative
arthritis. In addition to these
changes, bowing and bending of
the radius and ulna are also evi-
dent (Fig. 4).

The left elbow joint also shows
woven and lamellar bone forma-
tions, representing layers of new
bone superimposed upon the ori-
ginal structure. These indicate a
chronic alteration subsequent to
the initial osteomyelitic infection,
which resulted in the fusion of the
humerus, radius, and ulna. Such
skeletal ~changes categorically
point to chronic osteomyelitis, a
condition that probably beset the
individual persistently throughout
their lifetime. Chronic osteomye-
litis commonly ensues from unre-
solved bone infections after
attempts at intervention.”®
Particularly in pre-modern con-
texts, where pus may not have
been thoroughly evacuated
through a significant cloaca, the
condition could be perpetuated by
incompletely healed openings
through the skin and the bone
that facilitated subsequent second-
ary infections.”” The pus drained
out of the bone through the cloaca
in the distal humerus mentioned
above would have accumulated in
the overlying tissue, causing
inflammation and swelling; if this
swelling either burst or was delib-

erately lanced, the site could easily have become infected. The multiple stages of bone
destruction and new bone formation represented by the woven and lamellar bones and
the destructive lesions suggest that this osteomyelitic transformation would probably

% Howard-Jones and Isaacs 2010, 737.
% Panteli and Giannoudis 2016, 132
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.

Fig. 4. The left elbow bones of sk847 from Cirencester. (a) Anterior view of humerus, showing the cloaca
(circled). (b) Posterior view of humerus, showing the nodular new bone on the interosseus margin (circled).
(c) Anterior view of radius. (d) Anterior view of left ulna. (Photos: H. Zhao; montage: A. Wilson.)

have manifested in intermittently active phases, corresponding with any decline in
immune function over the years — a phenomenon still observed in contemporary clinical
practices.®®

The pathology of the right elbow, which is not discussed in Geber’s report, is detailed
here for the first time (Figs. 5-8). Pitting and porosity are observed throughout the right
distal humerus (Fig. 5), with the medial [1] and lateral [2] epicondyles being particularly
affected. The distal humerus displays a bony outgrowth and thickening on the coronoid
fossa [3]. The trochlea [4] is notably flattened, and the local surface of the bone appears
uneven. In particular, the lateral part of the humerus, especially the lateral epicondyle,
shows an area of lytic damage surrounded by porous reactive bone formation that extends
approximately 32 mm towards the shaft’s anterior surface near the capitulum [5]. The med-
ial epicondyle exhibits bone growth and enlargement. The proximal side of the olecranon
fossa [6] is uneven. Pathological changes on the coronoid fossa, the olecranon fossa, and
the trochlea suggest degenerative changes, while the rest clearly indicate infections.

The right proximal ulna exhibits notable deformation and slight bending (Fig. 6a—d).
The shaft displays flecks of darker coloration attributable to periostitis, that is, non-specific
infection on bones. Both the olecranon [1] and coronoid process [2] are abnormally
widened and thickened. Below the coronoid process, sclerotic porotic new bone growth
extends beyond the original ulnar tuberosity [3], which has been destroyed by lesions.
The trochlear notch [4] is rendered shallow and uneven, with bony growths or entheso-
phytes [5] measuring 9 x2 mm in the center. Around and below the radial notch [6], pro-
nounced bone thickening is evident.

38 Panteli and Giannoudis 2016, 128.
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Fig. 5. Comparison between the right humerus from sk847 and
a normal humerus. (a) Posterior view of humerus of sk847. (b)
Posterior view of humerus of male adult 1040 from Little Keep.
(c) Anterior view of humerus of sk847. (d) Anterior view of
humerus of male adult 1040 from Little Keep. (e) Lateral epicon-
dyle of individual sk847 showing the pathological changes.
Features mentioned in the text discussing the right humerus
are numbered as follows: 1. Medial epicondyle; 2. Lateral epicon-
dyle; 3. Coronoid fossa; 4. Trochlea; 5. Capitulum; 6. Olecranon
fossa. (Photos: H. Zhao; montage: A. Wilson.)

The proximal section of the
right radius also shows slight
bending, with pitting and porosity
along the remaining radius
(Fig. 7). Periostitis resulting from
infection is widespread along the
shaft, particularly on the lateral
side. The radial head features a
bony outgrowth or enthesophyte
centered on the surface, approxi-
mately 1 mm in diameter. The dis-
tal end of the radius is slightly
enlarged with an uneven articular
surface, suggestive of degenerative
changes.

The enthesophytes on the radial
head and trochlear notch may be
attributed to repeated use.*” The
flexed ankylosis of the left elbow,
locking the joint at a 90° angle,
meant that the individual would
probably have become increasingly
unable to use his left arm and
relied heavily on the right arm,
resulting in greater labor stress on
the bones of that arm. The general
changes in the shape of the right
radius and ulna, along with the
bony growth below the radial
notch, may suggest a dislocation
of the radius and ulna. Although
dislocations are challenging to
observe directly in osteology due
to the disturbance of bones, similar
pathological changes indicative of
dislocations have been noted in
other case studies.*’

In summary, the right elbow and
its associated structures show sig-
nificant damage and indications of
infection. Following the initial infec-

tion, the individual experienced difficulties adapting to the deformed arms. Ongoing sec-
ondary alterations — attributable either to chronic osteomyelitis, as observed in the left

*  Esposito et al. 2006, 855.
“  E.g. Nikitovic et al. 2012.

10



A case of osteomyelitis variolosa from Roman Britain

Fig. 6. Comparison between the right ulna from sk847 and a normal right ulna. (a)-(d) Right ulna of sk847.
(e)—(h) Right ulna of male adult 1040 from Little Keep. Features mentioned in the text discussing the right ulna
are numbered as follows: 1. Olecranon; 2. Coronoid process; 3. Ulnar tuberosity; 4. Trochlear notch;
5. Enthesophytes; 6. Radial notch. (Photos: H. Zhao; montage: A. Wilson.)

arm, or to repetitive biomechanical stress, as noted in the right arm — persisted throughout
the individual’s life. Consequently, the normal architecture of the bilateral elbow joints was
supplanted by deformities as time progressed, more severe on the left side than on the right

(Fig. 8).

Lesions to be interpreted: feet and maxilla

Pathologies on the feet have been thoroughly documented by Geber although the distal
tibiae and fibulae are badly preserved.*! Arthropathies (joint diseases) affecting both feet
exhibit degenerative changes and the formation of bony lumps, or osteophytes, on multiple
articular surfaces (the calcanei are shown in Figs. 9 and 10). The left foot shows irregular
marginal osteophytes along joints near the ankle and the heel, including the calcaneo-talar
facets, cuboid articulation, and navicular bone.*? Erosive lesions are found on the first
metatarsal and its proximal phalanx (Fig. 11 [1, 4]).*> The right foot displays marginal

4 Geber 2017b, 26.
42 Geber 2017b, 26.
% Geber 2017b, 26.
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Fig. 7. Comparison between the right radius from sk847 and a normal right radius. (a), (b) Proximal right
radius of sk847. (c), (d) Proximal right radius of male adult 1040 from Little Keep. (e) Proximal right radius
of sk847; (f) Distal right radius of sk847. (Photos: H. Zhao; montage: A. Wilson.)

osteophytes on the talar and medial articulations of the calcaneus (the surface between two
heel bones), and degenerative lesions along the articular surfaces in front of the heel,
including the first cuneiform and navicular bones.** Additionally, erosive arthropathies
affect the joint surface of the proximal phalanx of the right foot (Fig. 11 [2]).*> An erosive
lesion on the proximal side of the right first metatarsal is also evident (Fig. 11 [3]).*

Although Geber categorizes the pathologies observed on both feet mostly as “degenera-
tive changes”,*” the evidence suggests a more complex condition, particularly affecting the
calcanei, tali, first metatarsals, and their proximal phalanges. The presence of erosive
lesions and extensive bone destruction transcends typical degenerative changes. In particu-
lar, both calcanei exhibit significant deformation and shortening relative to normal speci-
mens (Fig. 10). Moreover, the subtalar joint is an uncommon site for the development of
osteoarthritis, probably because of the greater thickness of its articular cartilage and differ-
ent metabolic activities compared to other joints.*® Attributing the foot lesions solely to
degenerative changes therefore seems inadequate.

4“4 Geber 2017b, 26.

4 Geber 2017b, 26.

4 This lesion is not mentioned by Geber.
4 Geber 2017b, 26.

4 Waldron 2019, 728.
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Fig. 8. The elbows of sk847 compared to a normal elbow. (a)
Right elbow of sk847. (b) Left elbow of sk847; c) Right elbow
of male adult 1040 from Little Keep. The photos aim to show
pathologies on the bones, not their original positions in
human bodies. (Photos: H. Zhao; montage: A. Wilson.)

The dense sclerosis observed in
the right maxillary sinus of SK847,
which Geber attributes to maxillary
sinusitis,49 may either be linked to
the same pathological process affect-
ing the elbows and feet or represent
a co-morbidity (discussed below in
the section in differential diagnosis).

Degenerative changes

Degenerative alterations are pre-
dominantly observed in the spine,
wrist, shoulder, and thigh — details
meticulously documented by Geber.
Notably, osteophytes are present on
the right shoulder (the glenoid cavity
of the right scapula), the right wrist
(along the articular surfaces of the
scaphoid, lunate, and capitate), and
at vertebrae T7-8 in the spine.”’
These are probably associated with
repetitive movement and labor
during the individual’s lifetime.
The ossification of the ligamentum

Fig. 9. Calcanei of sk847 and a normal calcaneus. (a) Left calcaneus of sk847. (b) Right calcaneus of sk847.
(c) Left calcaneus of male adult 1040 from Little Keep. (Photos: H. Zhao; montage: A. Wilson.)

4 Geber 2017b, 26.
% Geber 2017b, 26.
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Fig. 10. Calcanei of sk847 and a normal calcaneus; the red line
shows the shortening of the calcanei of individual sk847 com-
pared to individual 1040 from Little Keep. (a) Medial view of
left calcaneus of 1040 from Little Keep. (b) Medial view of
left calcaneus of individual sk847. (c) Medial view of right
calcaneus of individual sk847. (Photos: H. Zhao, montage:
A. Wilson.)

5t Geber 2017b, 26; Nakabachi et al. 2023, 638.
52 Geber 2017b, 26.
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flavum (ligament in spine) in verte-
brae T4 to T10 may be explained by
mechanical stress.”’ In particular,
the abnormalities on the right scap-
ula and right wrist may be explic-
able by the individual having had
to rely increasingly on the right
arm as the left elbow was inflamed
and swollen and the joint ankylosed
at a 90° angle. Possibly this asymmet-
rical reliance on the right arm,
coupled with the effects on his gait
of the degradation of his heel bones,
may also have created stresses on
his spine that could explain the path-
ology on the vertebrae too.

Additionally, an active patch of
periosteal new bone formation was
observed on the medial surface of
the neck of the left femur, near the
lesser trochanter, where the psoas
major and iliacus muscles attach to
the thighbone.”” This strongly sug-
gests that it resulted from atypical
muscle use during the individual’s
lifetime, lameness caused by the
observed damage to the feet, rather
than directly from infectious disease.

Differential diagnosis

This individual exhibits altera-
tions in multiple joints, with the
most severe manifestations observed
in the elbows, and the talo-calcaneal
and metatarso-phalangeal joints in
the feet. Although these lesions are
not perfectly symmetrical, they tend
to be bilateral. Evidence of infection
is clear, particularly in the suppura-
tive arthritis observed in the left
elbow and the widespread periostitis
in the right elbow. The erosive
lesions on the feet may also have
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Fig. 11. First proximal phalanges and first metatarsals of
individual sk847. (a) Left first proximal phalanx. (b) Right
first proximal phalanx. (c) Left first metatarsal (top view).
(d) Right first metatarsal (top view). (e) Left first metatarsal
(bottom wview). (f) Right first metatarsal (bottom view).
Features mentioned in the text discussing the feet are num-
bered as follows: 1. Erosive lesion on left first proximal phal-
anx; 2. Erosive lesion on right first proximal phalanx;
3. Erosive lesion on right first metatarsal; 4. Possible erosive
lesion on left first metatarsal. (Photos: H. Zhao; montage:
A. Wilson.)

resulted from infection. Following
these infections, secondary chronic
changes are evident, including
chronic osteomyelitis in the left
elbow and enthesophytes in the
right ulna and radius.

The systemic and bilateral
nature of the joint afflictions across
the body from elbows to feet makes
the interpretation of the patholo-
gies exhibited by individual sk847
challenging, as a few known dis-
eases affect the joints in such a
manner. Consequently, differential
diagnosis is crucial to ascertain
the most plausible explanation for
these pathologies (Table 2).

The hypothesis that trauma could
account for the osteomyelitic changes
observed in the left elbow joint of
individual sk847 is now considered
unlikely. The simultaneous occur-
rence of severe infections in both
elbows and both feet without any
accompanying fractures diminishes
the plausibility of trauma-induced
pathology. The lesions evident on
individual sk847, including bilateral
(though not symmetrical) lytic
lesions on both elbows, more aptly
correspond with typical smallpox
sequelae, offering a comprehensive
explanation for the observed abnor-
malities across the elbows and feet.

Potential alternative diagnoses
include tuberculosis, leprosy, trepo-
nematosis (syphilis, yaws, bejel,
and pinta), rheumatoid arthritis,
mycosis, degenerative arthritis,
and septic arthritis (Table 2).>°
Tuberculosis, mycosis, and septic
arthritis represent infections that

5% Khurana et al. 2019, 814; Crawford et al. 2024, 73; Lefort and Bennike 2007, 342.
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Possible diseases

Causes

Table 2.
Differential diagnosis of observed pathologies.

Major characteristics Location References

Osteomyelitis Smallpox (variola) virus; Vary greatly. Early manifestations: Bilaterality a key feature, 80% including Cockshott and MacGregor 1958;
variolosa acute infection nonsuppurative osteomyelitis elbows. May also affect wrists, hands, ~Cockshott and MacGregor 1959;
with necrosis, suppurative feet, ankles, knees etc., with the axial ~Davidson and Palmer 1963; Tang
(pus-producing) arthritis as a bones rarely involved. et al. 2021; Crawford et al. 2024
result of a secondary infection,
and multifocal nonsuppurative
arthritis.
Late manifestations: ankylosis,
dislocation, subluxation,
shortening and deformity
of long and short tubular bones,
flared metaphyses and
precocious osteoarthritis.
Treponematosis Various species of Bilateral abnormal bending (as in Predominantly the cranium, tibiae and Ortner 2003; Lefort and Bennike
Treponema or their yaws and bejel) and fibulae; can affect other bones. 2007; Walker et al. 2015; Salmon
distinct variants; chronic nongummatous/ gummatous 2022; Oumarou Hama et al. 2023
infection periostitis (a soft, non-cancerous
growth).
Leprosy Mycobacterium leprae or Severe destructive remodeling, Primarily affects facial bones, including Meller-Christensen 1961;
Mycobacterium reduced diaphyses, periostitis, nasal spine and alveolar processes. Magller-Christensen 1978;
lepromatosis; chronic bone porosity, tooth loss, Andersen and Manchester 1992;
infection enlargement of nasal aperture, Roberts and Buikstra 2019
nasal structure resorption.
Tuberculosis Mycobacterium Resorptive lesions including joint Multifocal involvement is very rare and Murray and Jacobson 1977;

tuberculosis complex;
chronic infection

surface erosion, central with tightly clustered foci, affecting Aufderheide et al. 1998; Ortner
sequestrum formation, endosteal joints including the elbow but not 2003; Pigrau-Serrallach and
destruction, minimal periosteal =~ recorded in feet. Elbow-specific Rodriguez-Pardo 2013; Roberts
bone formation. changes: deeper excavation of the and Buikstra 2019

ulna’s trochlear notch, elongation of
the coronoid process.
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Rheumatoid Auto-immune disorder  Inflammation and the progressive Typically starts in small joints like Ortner 2003; Lefort and Bennike
arthritis destruction of joint cartilage, phalanges and wrists, often leading to 2007
typically manifesting in multiple eburnation and ankylosis.
and symmetrical joint
involvement.
Mycosis Fungal infection; rarely ~ Lytic lesions and porous reactive Predominantly affects the axial Ortner 2003

seen

bone formation.

skeleton; not documented in the tali
and calcanei.

Bony sequelae of Traumatic injury to bone
trauma or joint

Complications include infection,
tissue necrosis, loss of
innervation, inadequate fracture
healing, bone deformity,
traumatic arthritis, joint fusion,
and traumatic myositis
ossifications.

Can occur anywhere. Redfern and Roberts 2019

Degenerative
arthritis

Primary: biomechanical

trauma, other diseases

stress, aging; Secondary:

Eburnation, marginal
osteophytes, new bone on joint
surface, pitting, altered joint
contour.

Not very common in elbows; when Waldron 2019
occurs, mostly affects radio-humeral

joint. Other joints affected vary by

cause and individual history; in foot,

first metatarso-phalangeal joint most

commonly involved. Bilateral

occurrences common.

Bacterial infection
entering via
bloodstream, adjacent
tissues, or direct
introduction; acute
infection

Septic arthritis

Acute cases cannot be detected in
osteology. Chronic cases may
show bony ankylosis, reactive
bone formation, and
hypervascularity.

Asymmetrical involvement common.  Craig et al. 2003; Roberts 2019
Multifocal cases (n>3) rare, except for

gonococcal arthritis, which tends to be

multiarticular. Gonococcal arthritis

frequently affects the dorsum of hand

and wrist, ankles.
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typically exhibit non-systemic characteristics. Tuberculosis manifests osteologically primar-
ily through extensive bone destruction, as opposed to the bone growth or deformation
observed in the case under examination. While mycosis and septic arthritis exhibit certain
similarities with the presented case, their pathologies are not congruent with simultaneous
afflictions of both the elbow and the feet.

Conversely, diseases such as treponematosis, leprosy, and rheumatoid arthritis are more
frequently associated with the involvement of multiple joints. None of these conditions,
however, can adequately account for the lesions observed in our case. Both treponematosis
and leprosy typically commence with the cranium or facial bones, exhibiting destructive
lesions such as caries sicca in treponematosis or extensive bone remodeling in leprosy. The
sole pathology in the skull observed in our case is the dense sclerosis in the right maxillary
sinus, which does not correspond with the typical manifestations of treponematosis or lep-
rosy. Rheumatoid arthritis predominantly affects smaller joints such as those in the fingers,
characterized by greater destruction and eburnation of the articulating surfaces rather than
bone proliferation. Additionally, as an autoimmune disorder, rheumatoid arthritis fails to
account for the infectious markers (periostitis) noted on the elbows.

Some traits possibly suggestive of degenerative joint disease are present in specific
regions of the right elbow. These must be distinguished, however, from changes observed
along the entirety of the affected area. The lesions extending along the shafts of the bones,
distinct from the joint surfaces where degenerative changes typically manifest, cannot be
reconciled with any known patterns of degenerative joint disease. Such extensive periostitis
across all three bones, humerus, radius, and ulna, predominantly indicates an infectious
etiology rather than degenerative alterations. Moreover, the extensive periostitis on all
three bones is suggestive of infection, not degenerative changes.

Considering the locations of the lesions and their skeletal representations, osteomyelitis
variolosa appears to be the most fitting diagnosis for all observed pathologies. The bilateral
involvement of both elbows, including all three arm bones (humerus, radius, and ulna)
with initial prominence in the proximal radius and ulna, aligns with known patterns of
osteomyelitis variolosa.”* Ankles and feet, which are also commonly affected sites, account
for 18% of the diagnosed patients in the 19th—early 20th c.”® or 50% in clinical reports in
the 21st ¢.”® The distribution of lesions in cases of modern smallpox thus correlates with the
lesions observed on the individual studied.

Given the rarity of osteomyelitis variolosa in both archaeological findings and modern
clinical practice, it is important to compare the lesions of individual sk847 with other iden-
tified cases in the modern clinical literature to ensure the accuracy of the diagnosis.

Identification of osteomyelitis variolosa and lesion comparison

During 20th-c. smallpox epidemics, approximately 0.25-0.5% of all patients and 2-5%
of affected children exhibited osteoarticular manifestations.”” This suggests that osteomye-
litis variolosa developed during the childhood of the individual in question. The majority

5 Crawford et al. 2024, 72.

»  Cockshott and MacGregor 1959, 57.

%  Tang et al. 2021, 6.

¥ Cockshott and MacGregor 1958, 377; Cockshott and MacGregor 1959; Khurana et al. 2019.
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of archaeologically identified cases of osteomyelitis variolosa in Table 1 involve children or
juveniles, with only two older adults noted (Table 1, nos. 4 and 5), and just one report
(Table 1, no. 4) providing photographic evidence of affected elbows. This underscores
the importance of using modern medical records to enhance the diagnostic accuracy in
archaeological cases where osteomyelitis variolosa is suspected in adult skeletons.

In contrast to juveniles and younger adults, older adults who have survived a small-
pox attack often present with skeletal deformities and joint pain (arthralgia), attribut-
able to superimposed degenerative changes.”® Modern clinical reports corroborate
this pattern; many patients experience severe pain and increasingly restricted move-
ment in the joints affected by osteomyelitis variolosa decades after the initial infection.
A notable case reported by Tang et al. involved a 70-year-old woman who, although
infected in her childhood, began experiencing exacerbated limited movement and
pain in her knees only a year prior to the report.”” Another diagnosis of osteomyelitis
variolosa also concerned a woman who was 70 years old at the time of presentation,
who had experienced pain in her right knee for five years.®” A case reported by
Purandarnath and Douraiswami describes a 65-year-old woman who had endured
pain and stiffness in both elbows and in joints of her feet for 30 years.®’ All three
women had had smallpox in childhood. These clinical observations underscore the
fact that while osteomyelitis variolosa is initially an acute infection of the bone, it con-
tinues to evolve into secondary arthritis and degenerative changes over decades. This
progression is also evident in the case under discussion, where both infection and
degenerative changes coexist. To refine the diagnosis of osteomyelitis variolosa, a com-
parative analysis with similarly diagnosed older adults is recommended, enhancing the
accuracy of differential diagnoses and underscoring the chronic nature of the disease’s
impact on skeletal health.

Comparative analysis of elbow and ankle lesions, as depicted in Figs. 12 and 13, pro-
vides further insight. Notably, bilateral changes in osteomyelitis variolosa do not always
manifest symmetrically, and asymmetrical changes in the elbows have been documented
in several cases identified in the 21st c. (Fig. 12).°* This observation is particularly signifi-
cant given that only 11 cases of osteomyelitis variolosa have been reported in the 21st c.®®
This asymmetry aligns with the unpredictable nature of infectious diseases; for example, peri-
ostitis caused by bacterial infection may vary in severity across affected sites in the body.**
Historical data support this observation of asymmetry. According to Cockshott and
MacGregor,®® among 124 cases, 97 exhibited elbow involvement, with 19 exclusively unilat-
eral, indicating a significant probability (approximately 20%) of asymmetrical manifestations
among those affected. This variability in lesion symmetry is also evidenced by the skeletal
findings illustrated in Figure 12.

®  Margolis et al. 1978, 262.

*¥  Tang et al. 2021, 2.

¢ Douraiswami 2011.

61 Purandarnath and Douraiswami 2011, 124.

62 Arora et al. 2008; Douraiswami 2011; Khurana et al. 2019.
% For a summary of reported cases, see Tang et al. 2021, 5.
¢ Roberts 2019, 295.

% Cockshott and MacGregor 1958.
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c right left

bl
Fig. 12. Comparison of elbows affected bilaterally by osteomyelitis variolosa. (a) Radiograph of elbows of a
56-year-old man (Khurana et al. 2019, figs. 3 and 4, details). (b) Radiograph of elbows of a 65-year-old
woman (Purandarnath and Douraiswami 2011, fig. 4). (c) Photograph of the elbow bones of a medieval or

early modern skeleton identified as of a woman aged between 20 and 49, from the convent of the Jacobins at
Rennes, France (Colleter 2021, fig. 2, detail, courtesy of R. Colleter).

Margolis et al. and Tang et al. have concluded that the pathological changes in residual
osteoarticular lesions of smallpox are non-specific and that no diagnostic radiographic
image exists for osteomyelitis variolosa.°® This variability in pathological representation
should therefore be considered a characteristic trait of osteomyelitis variolosa.

The comparative analysis of the elbow lesions in individual sk847 reveals that the right
elbow aligns closely with the radiograph of a diagnosed case of osteomyelitis variolosa
shown in Figure 12b, where the pathological changes on the elbows are nonsuppurative.
The left elbow of sk847 is more severely destroyed than the examples in Figure 12, as a
result of suppurative arthritis. It is widely recognized that smallpox can lead to pyogenic,
or suppurative, arthritis, although this complication has become less frequent after the
20th ¢.*” Given these observations, we can confidently assert that the lesions on both
elbows in individual sk847 may be attributed to smallpox and its chronic sequelae.

Regarding the foot lesions, there is a close degree of congruence with known cases (Figs.
9, 10, and 13). Distortions of the calcaneus, such as flattening and shortening, are com-
monly reported symptoms in adults with osteomyelitis variolosa due to long-term changes
in mobility and weight-bearing.®® The case of individual sk847 exhibits bilateral shortening

% Margolis et al. 1978, 262; Tang et al. 2021, 6.

¢ Cockshott and MacGregor 1958, 375; Margolis et al. 1978, 262; Resnick and Niwayama 1995,
2529,

®%  Arora et al. 2008, 358; Nema et al. 2012, 3426.
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Fig. 13. Comparison of ankles affected bilaterally by osteomye-
litis variolosa. (a) Radiograph of feet of a 64-year-old man,
with the left foot more severely affected, showing shortening of
the left calcaneum (Arora et al. 2008). (b) Radiograph of feet
of a 65-year-old woman (Purandarnath and Douraiswami
2011, figs. 2 and 3, details).

of the calcanei, resembling the find-
ings reported in Arora et al,
although in their report the alter-
ation was unilateral.”” Additionally,
although not fully ankylosed, the
tarsal bones, first metatarsals, and
first proximal phalanges in individ-
ual sk847 show severe deformities.
These findings closely parallel
those reported in Nema et al.”’

The dense sclerosis observed in
the right maxillary sinus of sk847,
which Geber suggested was caused
by maxillary sinusitis,”" may also
perhaps be attributable to small-
pox, although other explanations
are possible too. Cockshott and
MacGregor described a case
involving an 8-year-old girl where
“the lateral wall and the floor of
the right antrum showed much
bony thickening in the radio-
graph.””* Although no radiograph
was published, the description
closely aligns with the pathology
observed in sk847, which exhibits
similar dense sclerosis across the
entire floor and lateral wall of
the right maxillary sinus (also
called “maxillary antrum”). In the
absence of preserved soft tissue,

however, we cannot determine whether this lesion was a result of smallpox or an inde-

pendent episode of maxillary sinusitis.

The collective findings from the differential diagnosis and comparison with known
cases strongly support the hypothesis that osteomyelitis variolosa is the most probable
cause for the observed lesions on individual sk847’s elbows and feet. While it is possible
to find separate explanations for each individual lesion, the holistic explanation provided
by osteomyelitis variolosa, encompassing all observed symptoms, presents the most coher-

ent and likely diagnosis.

The corollary is that individual sk847 was a survivor of an earlier smallpox infection.
This person died in the late 3rd or the 4th c. CE at the age of between 40 and 50, having

% Arora et al. 2008.
7 Nema et al. 2012.
7 Geber 2017b, 26.
72 Cockshott and MacGregor 1959, 60 and fig. 9.
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contracted smallpox almost certainly in childhood, some 25-50 years previously. The bone
involvement began acutely as suppurative osteomyelitis in the tubular bones,”* notably
leading to the destruction of the left elbow through the formation of pus. The initial alter-
ation in joint structures probably commenced at the elbows, with subsequent involvement
of the feet and maxilla occurring within 1-2 days.”* The progression to nonsuppurative
arthritis, occurring within 1-4 weeks of the onset, then severely compromised both bone
growth and joint function at these sites.”” Throughout this pathological progression, indi-
vidual sk847 would have experienced significant pain and swelling around the affected
joints, endured prolonged periods of low fever, and suffered from increasingly restricted
joint mobility.”® The left arm became virtually unusable, with loss of movement and the
joint locked in a 90° angle; there would probably also have been some loss of movement
and function in the right arm. Later, in adulthood, the individual experienced chronic com-
plications surrounding all the previously infected joints. The acute infection in the left
elbow transitioned to a chronic state, marked by cycles of new bone formation and repair
during periods when the individual was stronger and healthier, and exacerbations of the
infection during times of weakened health. Concurrently, degenerative changes intensified
in the right elbow and feet, exacerbated by the underlying deformities. The damage to both
feet, including heels and toes, caused deformities and the individual would certainly have
had difficulty walking. The immobility of his flexed left elbow meant that when he was laid
out for burial in his coffin, the left forearm had to be laid over his abdomen.

Genetic evolution of smallpox and historical implications

Genetic evolution of smallpox

Osteomyelitis variolosa, a specific skeletal manifestation of smallpox, is directly linked
to infection by the variola virus (VARV), the causative agent of smallpox. The antiquity of
smallpox as a human-specific disease is a matter of current debate, and the Cirencester
skeleton bears on this debate.

Variola virus is one of several related poxviridae which have evolved from a common
ancestor, a more generalized orthopoxvirus, to target specific species: its closest relatives
are camelpox, affecting camels, and taterapox, affecting gerbils. Cowpox, monkeypox,
and vaccinia virus affect several host species with different degrees of severity.”” There is
no agreement about when an ancestral strain of VARV diverged from a more general
orthopoxvirus, capable of infecting various species, to become a human-specific variola
virus causing smallpox.

Ancient DNA studies have identified two extinct clades of variola virus. One is known
as modern VARV (mVARYV), which can be traced back at least to a 17th-c. CE ancestor of
strains of the modern smallpox declared eradicated in 1980. The other clade is known as
ancient VARV (aVARV), and has been found in Viking-age or earlier burials dating between
the 7th and 11th c. CE, but seems to have become extinct thereafter; it is a sister clade, not a

7 Resnick and Niwayama 1995, 2529.

7 Cockshott and MacGregor 1958, 378.

7 Resnick and Niwayama 1995, 2529.

7 Cockshott and MacGregor 1958, 378; Resnick and Niwayama 1995, 2529.
77 Hendrickson et al. 2010; Miithlemann et al. 2020.
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direct ancestor, of mVARV.”® The modern smallpox of the mVARV clade that was eradi-
cated in the 1970s existed in two strains — variola major, with case fatality rates of
20-30%, and variola minor or alastrim, with far lower case fatality rates, of 1-5%. The
aVARV clade is more distantly related, and its symptoms and case fatality rates are
unknown, leading Timothy Newfield et al. to deny that it was smallpox at all, and to
argue that we only know that the mVARV clade is capable of instigating smallpox.” As
Monica Green has put it, such “reductive nominalism” is unhelpful, and there are actually
indications that the symptomatology of variola virus in the Middle Ages shared a number
of key elements with modern smallpox. These indications include a discussion of judari
(the Arabic word for smallpox used up to the 1970s) by the Persian medical author
Rhazes, writing in 10th-c. Baghdad, which mentions excruciating pain in the limbs
(from the bone infection), and facial scarring caused by judari mentioned in 11th-c.
Arabic poetry from Sicily.® Given the trading connections between Viking Scandinavia
and the medieval Arab world, the medieval smallpox these sources describe could well
be closely related to the aVARV in Viking burials. Medieval skeletons exhibiting osteomye-
litis variolosa, from 10th-c. Cambridgeshire and 11th-c. France (Table 1, nos. 1 and 2), also
confirm that a version of VARV circulating at the time caused pathological sequelae like
those of modern smallpox.

The interpretation of the VARV genetic data is contentious. Three separate issues are at
stake, two chronological and one of disease identification. The first is that widely varying
dates have been calculated by different research groups for the time to most recent com-
mon ancestor. These disparities were apparently caused by variations in methods of
molecular clock calculation, or the parameters and modelling assumptions used. The
most recent common ancestor of the ancient and modern VARV clades was calculated
by Barbara Miihlemann et al. in 2020 to have existed between 2,200 and 1,400 years ago
(at 95% confidence), meaning that aVARV and mVARV diverged from each other after
that; that is, sometime between around 200 BCE and 600 CE.®! A more recent study,
by Igor Babkin et al. in 2022, narrows that range somewhat to between ca. 160 CE and
500 CE.”

Babkin et al. calculated that the emergence of VARV from a generalized orthopoxvirus
occurred not very long before that, between 13 and 494 CE (95% highest priority density
interval).83 In 2023, however, Diego Forni et al. calculated a radically different and much
older set of results. They factored into their molecular clock analyses a new model that
posits a power-law decay in the rate of change over time, based on observations that the
longer the period of observation, the slower the apparent overall rate of change in viral
evolution — the so-called time-dependent rate phenomenon.** Forni et al. calculated that
the VARV lineage diverged from an orthopoxvirus between about 8,000 and 4,000 years
ago, and that aVARV and mVARV diverged from a common ancestor between 3,790 and

78 Miihlemann et al. 2020, 3; Forni et al. 2023, 5.

7 Newfield et al. 2022.

% Green 2024, 355-56, citing the Sicilian poet Muhammad ibn al-Hasan ibn al-Tabi (d. after 1060).
81 Miihlemann et al. 2020, 3; Forni et al. 2023.

8 Babkin et al. 2022, 6 (1,505 to 1,862 years ago, 95% HPD).

8 Babkin et al. 2022, 10.

8 Ghafari et al. 2021.
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4,351 years ago (95% highest priority density interval), that is, 2329-1768 BCE,** suggesting
the existence of human-infecting smallpox after this period. All three of these different
studies use radiocarbon dates that fail to account for the marine reservoir effect, which
makes radiocarbon dates appear older than they should be. The earliest date for an arch-
aeological aVARV specimen is from a Sami burial at Ledingen in Norway, radiocarbon
dated to between 603 and 653 cal. CE at two standard deviations (95.4% confidence),
but uncorrected for marine reservoir effects, which may mean that the burial could be sev-
eral hundred years younger.*®

The studies of Miithlemann et al. and Babkin et al. allow for the emergence of smallpox
in the Roman era (after 200 BCE or after 160 CE, on their different calculations), while Forni
et al’s study requires that it emerged well before the Roman period. Distinctive skin
lesions, which may possibly be from smallpox, have been observed on Egyptian mummies
dating from between 1580 BCE and 1100 BCE,?” and this would be consistent with Forni
et al.’s dating, but no aDNA studies have been undertaken on these mummies, and the sug-
gestion that they might exhibit smallpox remains speculative. But Forni et al.’s method does
not account for the likelihood that during a pandemic, or even during large epidemics, the
mutation rate may increase because the viral population has grown by orders of magnitude,
and so there is a statistical likelihood of more mutations. (We have seen this recently with the
very rapid mutation rates of Covid-19 between 2020 and 2022.) If the early evolution of
smallpox from a generalized orthopox virus infecting multiple host species to a
human-obligate pathogen involved a zoonosis and subsequent pandemic as a new disease
rampaged through immunologically naive populations,®® we might expect a very high initial
rate of change, rather than a consistent power-law decay rate. The effect would be that the
time to most recent common ancestor might be not nearly as long as Forni et al. estimate.

The second problem is the tendency of some authors to focus on the midpoint of the
date range calculated for the emergence of a particular clade and to draw over-precise con-
clusions from that. Thus Miihlemann et al. reported their calculation of the time to most
recent common ancestor for aVARV and mVARV as “1.7 thousand years ago (kya) [95%
highest priority density interval (HPD95): 2.2 to 1.4 kya]”; this was interpreted by
Newfield et al. as implying that a VARV strain capable of instigating smallpox did not
materialize before the 4th c. CE.*’ Clearly, that is not a legitimate conclusion. Rather, we
should be dealing with the 95% probability that the event could have occurred at any
time in the range calculated, between ca. 200 BCE and 600 CE - or, according to Babkin
et al.’s calculation, between ca. 160 CE and 500 CE.*°

%  Forni et al. 2023, 5 (calculating from a present of 2022, as they evidently did).

%  Miihlemann et al. 2020, Table 1, sample VK388, and Supplementary Materials, p. 5.

87 McCollum et al. 2014, 180; Theves et al. 2016, 5; Mithlemann et al. 2020, 1. These include the
mummy of Ramesses V, who died in 1145 BCE.

8 Cf. Green 2024, 353-54.

% Miihlemann et al. 2020; Newfield et al. 2022, 905. Cf. Forni et al. 2023, 5, where Table 2 gives
only median dates rather than the full range.

% Babkin et al. 2022, 6. A subsidiary source of confusion, unhelpful when dealing with historical
reconstruction, is the practice of calculating ages as so many “years ago,” without being clear on
what year is being used as the present to calculate back from — 1950, as with radiocarbon dating?
2000, as a round number? The date of composition of the article (which is not always the same as
the date of publication)?
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Thirdly, there is the problem of the relationship between the different strains identified
genomically, and the nature of the disease, in terms of its symptoms, pathology, infectivity,
case fatality rates, etc. As noted above, some have denied that aVARV should be considered
smallpox at all and have suggested we abandon the use of the term “smallpox” altogether
when talking about the ancient world.”" Until we can equate particular genes with specific
disease effects, the symptoms and epidemiology of medieval and earlier smallpox must
remain shadowy; but the cases of osteomyelitis variolosa identified in medieval skeletons
(Table 1) do show the existence of a pre-modern disease that caused the same long-term
sequelae as smallpox. The evidence of the Persian medical writer Rhazes and Sicilian
Arabic poetry mentioned above also show that medieval smallpox shared features with
modern smallpox. The diagnosis of osteomyelitis variolosa in individual sk847 from
Cirencester is important in this context because it shows the presence of a disease active
in Roman Britain in the 3rd or 4th c. CE that also caused the same osteological sequelae
as smallpox. Because no aDNA analysis has been performed on the Roman or
Viking-age skeletons with osteomyelitis variolosa (and in any case the virus might not per-
sist in the bones of someone who had survived a smallpox infection), we do not know
whether these cases were caused by the aVARV or the mVARV clade; either is possible,
as we have seen from the discussion above of the date after which they split from their
most recent common ancestor. The Cirencester skeleton represents the earliest evidence
yet identified in Europe of smallpox, or of a disease so like smallpox that it was capable
of causing the same sequelae.

Smallpox and the Antonine Plague

The question of the antiquity of smallpox is bound up with the current debate over the
identification of the Antonine Plague of the later 2nd c. CE. The symptoms of the plague
described by the ancient physician Galen have as their most distinguishing feature a rash
or exanthema, which was black from putrefied blood within the blisters; this was accom-
panied by diarrhea, often with black excrement (resulting from internal bleeding), stomach
upset and sometimes vomiting, a sensation of fever internally but little outward sign of it,
and fetid breath.”” The possible identification of the disease as smallpox was first suggested
in 1845, and argued for strongly by Littman and Littman in 1973.°® By the time of a con-
ference on the impact of the Antonine Plague in 2012, the retrospective diagnosis of small-
pox had become widely accepted and was being used to try to understand the
demographic impact, based on the case fatality rates of modern smallpox.”* Already in
2005, however, Danielle Gourevitch had pointed out that Galen does not mention the per-
manent scarring caused by smallpox, and had suggested, therefore, that the Antonine
Plague was one of the poxviridae, an ancestor of smallpox, but sufficiently different not
to leave scarring.”® This argument was developed by Rebecca Flemming, and has recently
been accepted also by Colin Elliott who, in his book on the Antonine Plague, rejects the

1 Newfield et al. 2022.

2 Gal. Methodus medendi5.12; Gal. Deatrabile, ed. Kithn vol. 5, 115 = Corp. Med. Graec.,V,4,1,1,p.76; Gal.
De praesagitione ex pulsibus 3.4, ed. Kiihn vol. 9, 357. See Littman and Littman 1973, 246-52.

93 Haeser 1845, 251; Haeser 1882, 24-33; Littman and Littman 1973.

% See many of the papers in Lo Cascio 2012, and especially Harris 2012; Livi Bacci 2012; Zelener
2012. On the mortality rate, see also Littman and Littman 1973, 252-55.

% Gourevitch 2005, 65.
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diagnosis of smallpox.”® The argument from silence, however, is not strong: we are at the
mercy both of the haphazard survival of ancient sources (and there are many fewer from
the late 2nd c., for example, than from the 1st c. CE), and of the conventions of their genres.
Even ancient medical writings often do not mention the kinds of things a modern medical
writer might be interested in, and as Littman and Littman already pointed out, the scarring
often did not appear until some days or weeks after the disease had passed, while Galen’s
focus was on the disease in its critical stages.”” Moreover, Galen was not trying to write a
complete symptomatology of the Antonine Plague; he mentions the plague in passing
when one or more of its symptoms are relevant to other phenomena he is discussing.
Since, if scarring did occur, he would have been unable to cure or prevent it, he may
have been disinclined to mention it at all. Little can be concluded from the absence of refer-
ences to scarring in either Galen’s work or other literature. Similarly, the lack of pock-
marked portrait statues could be explained easily by the idealizing conventions of
Roman art. A stronger challenge to the straightforward identification as smallpox seemed
to be mounted by the aDNA research discussed above showing that a number of aVARV
strains of variola virus were circulating in the Middle Ages that differed in several respects
from modern VARV. Doubts about the congruence of ancient and modern variola variants
have even led some to call for abandoning the term “smallpox” in reference to diseases of
antiquity.”®

Certainly, we should not uncritically assume that the symptoms, transmission rates,
case fatality rates, etc. of ancient smallpox or an ancestor of modern smallpox were neces-
sarily the same as for modern smallpox — not least because modern smallpox itself could
have very variable case fatality rates, depending on whether the variola major or the alas-
trim strains were involved. Several points, however, stand. First, even if the aVARV clade
produced symptoms substantially different from modern smallpox (and we do not
know this for certain), molecular clock calculations of the time to most recent common
ancestor of the aVARV and mVARV clades put the divergence of those clades at some
time between the third millennium BCE and 600 CE, depending on whose calculations
one believes. Even on the later ranges calculated by different teams, 200 BCE-600 CE,
or 160 CE-500 CE, an mVARYV clade could have appeared as a result of this divergence
before or around the time of the Antonine Plague in the 160s CE. Second, the common
ancestor of aVARV and mVARYV had already diverged from a more generalized orthopox-
virus to become a human-specific virus at some date before that, and certainly either by
or during the Roman Imperial period on anybody’s calculation. Third, Galen describes a
disease with such strong resemblances to smallpox that even if it was genetically some-
what different, it produced most of the same symptoms as modern smallpox. Fourth,
archaeologically attested cases of osteomyelitis variolosa show the antiquity of a form
of variola virus capable of causing the same osteological sequelae in survivors as did
modern smallpox.

It is in this context that the skeletal remains of individual sk847 from Cirencester have a
bearing on the argument. Although they date more than a century later than the Antonine
Plague, they show that the variola virus had been introduced into the Roman world by the

% Flemming 2019, 233-34; Elliott 2024, 90-93, and 235 n. 90.
% Littman and Littman 1973, 251 n. 22.
% Newfield et al. 2022. Contra Green 2024, 353-54.
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late 3rd or the 4th c. CE at the very latest, and probably before that. Indeed, it may well
have become endemic by then; individual sk847 from Cirencester survived a childhood
infection of smallpox, and this would be entirely consistent with endemic disease. The
Antonine Plague, a devastating pandemic, with symptoms comparable to smallpox and
a high mortality rate compatible with the first exposure of a naive population to variola
virus, is the obvious context for that original introduction of the disease into the Roman
world, probably by troops returning from Lucius Verus’s Parthian campaign in 165 or
166 CE. (The Plague of Cyprian is not a likely contender here; no account of its symptoms
includes the characteristic exanthema of smallpox, and a viral hemorrhagic fever is more
likely.”®) Those who had caught the disease and survived would have gained lifelong
immunity to further infection, and the repeated waves of the Antonine Plague between
the mid 160s and the 180s may reflect the behavior of the disease before enough people
had gained immunity for it to become endemic, thereafter typically infecting mainly chil-
dren who had not yet been exposed to it. The apparent disappearance of the Antonine
Plague from our classical sources in the late 2nd c. may well reflect the fact that it became
endemic. Periodic epidemics might also have occurred through reintroduction to regions
where the disease had not manifested for a while and a non-immune population had
grown up. As Monica Green points out, Gregory of Tours may describe smallpox in the
6th c. CE,'™ and there are various mentions either explicitly of smallpox or of a disease
behaving very like smallpox from the 4th c. onwards in China,'’! and from the 7th

% Harper 2015, 241-48.

100 Gregory of Tours: see McCormick 2021, 55-60 for discussion and n. 87, pp. 55-56 for a list of
passages in his works describing a disease with pustules in the 6th c., including permanent scar-
ring on the face (Vitae Patrum 8.1; the event is before 558 CE), and an epidemic in 582 CE (Historia
Francorum 6.14).

1" In particular, in the Zhouhou Beijifang (Handbook of Prescriptions of Emergency Treatments) by the
Chinese physician Ge Hong (283-343 CE), revised and expanded by Tao Hongjing in 500 CE.
Book 2 ch. 13, “Treatments of headaches and high fevers,” (sections 81-82) refers to an outbreak
in the 4th c. (with an addition by Tao Hongjing referring also to a 4th-c. or 5th-c. epidemic): “[81]
There was an outbreak of a plague. It caused poxes to erupt on the face and head, which then
spread to the rest of the body. They spread across the body extremely fast. Their shapes
resembled severe acne, all containing pustules. They would reappear after breaking open. If
not treated immediately, those seriously infected would die. After being cured, the sores
would leave purple and black scars, which would take years to fade. This condition was caused
by poisonous Qi [vital energy] residing within the body. Others say that in the fourth year of
Yonghui, the pox disease spread from west to east, and eventually appeared throughout the
country. Boiled Kuicai [Malva verticillata var. crispa], along with mashed garlic, can cure the dis-
ease. [82] People should take the medicine as soon as they become infected. It is more effective
when they eat less food. This disease was first introduced in the year of Jianwu, after defeating
the enemy at Nanyang, and it is still called ‘Lu Chuang’ (Pox of the enemy)” (translation by
Haoyue Zhao). For the problems of the dates referred to in the text, see Needham and Lu
2000, 124-27. “The fourth year of Yonghui” comes from Tao Hongjing’s additions but must
be a later scribal error for either “the fourth year of Yongjia” (310 CE) or “the fourth year of
Yuanhui” (476 CE). The phrase Jianwu zhong that Needham and Lu translate as “the mid
Jianwu” can also simply mean “the time of Jianwu”; on historical grounds, it is most likely
to refer to 317/318 CE, when there were campaigns around Nanyang in the northern provinces,
rather than to the other Jianwu eras of 25-56 CE, when there were no significant rebellions in the
north under the Han dynasty, 304 CE, when the Jin dynasty still maintained control over the
north, or 335-348 CE, an era named after a northern empire established by a nomadic tribe,
since Ge Hong was residing in the southern part of China, under the jurisdiction of the

27



Haoyue Zhao and Andrew Wilson

c. onwards in the Eastern Mediterranean and western Asia. These suggest a basic continu-
ity in the main outlines of the symptoms of the disease, even if there were doubtless a num-
ber of genetic variations of different strains.'*®

If we wished instead to believe that the Antonine Plague was not caused by variola
virus, we would need to assume not only that it was a different disease, which may
have since become extinct, but also that the variola virus that caused the osteomyelitis var-
iolosa in the Cirencester skeleton arrived in the Roman world unheralded in our surviving
sources before the end of the 3rd c. That is not entirely impossible, and certainty cannot be
achieved without ancient DNA analyses of victims of the Antonine Plague, but Occam’s
razor would argue against it. Meanwhile, we hope that the identification of osteomyelitis
variolosa presented here may assist recognition of other cases in the archaeological record.
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