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ABSTRACT

In Italy's Piedmont region, the city of Vercelli has a history of malaria transmission due to favorable conditions for Anopheles
mosquitoes, which may have influenced the genetic prevalence of thalassemia. This study investigates the skeletal remains of

a nonadult individual from the Church of Santa Maria Maggiore in Vercelli, dating to the 18th century, and suggests possible

pathological changes indicative of 3-thalassemia. The skeletal analysis reveals extensive pitting, marrow hyperplasia, cortical

thinning, scalloped epiphyses, and a distinctive “rib-within-a-rib” radiological appearance, which could be consistent with -

thalassemia major and intermedia. While thalassemia is currently prevalent in Piedmont, no prior paleopathological evidence
of the condition has been reported. This study highlights the diagnostic challenges in identifying -thalassemia in ancient pop-
ulations due to similarities with other anemias and the absence of ancient DNA. The importance of combining skeletal analysis

with historical and environmental contexts is emphasized to improve diagnostic accuracy. This research provides new insights

into the historical presence of 3-thalassemia in Vercelli and underscores the potential influence of environmental factors and

genetic disorders.

1 | Introduction

Vercelliis an Italian city located in the eastern part of the Piedmont
region. This area has been historically known for being conducive
to developing Anopheles mosquitoes, which transmit protozoan
parasites of the genus Plasmodium that cause malaria. The wide-
spread prevalence of malaria in the Po Valley is closely linked to
the expansion of agricultural land converted into rice paddies,
whose waterlogged fields promote mosquito development. In

modern times, activities related to rice cultivation, experimenta-
tion, and trade continue to form the foundation of the local econ-
omy, earning Vercelli the title of Italy's and Europe's rice capital.

With the advent of rice cultivation, public health and hygiene
issues arose almost immediately. In Piedmont, particularly
malaria-stricken Vercelli, a petition was submitted to Duke
Carlo Emanuele I on August 8, 1583, to contest rice cultivation
(Corbellini 2022).
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This situation continued, with few changes, until the enact-
ment of the 1934 Consolidated Health Laws in Vercelli. These
laws included several articles specifically addressing rice culti-
vation, establishing minimum distances for rice paddies from
populated areas, guidelines for water drainage, conditions for
approving new installations, work rest periods related to cultiva-
tion, and standards for medical and pharmaceutical assistance,
as well as the hygienic conditions of workers’ housing and their
health. Owners were mandated to provide free quinine to com-
bat malaria among rice paddy workers, even in areas no longer
affected by malaria (Mosca 2009).

In the 1700s, doctors wrote about the presumed immunity of
specific individuals to malaria: “There are individuals who
are immune due to intrinsic organic reasons. Despite being
constantly bitten by mosquitoes, they never experience fevers,
appear rosy, and have normal spleen and liver” (Celli 1909).
At that time, Cooley's anemia had not yet been discovered,
and the correlation between malaria and thalassemia was
unknown.

Today, it is estimated that approximately 7000 people in Italy
are affected by (-thalassemia, primarily residing in some
areas of the South (Sicily, Sardinia, and Puglia) and the North
(Lombardy, Piedmont, and Emilia-Romagna). Of these, 73%
suffer from f-thalassemia major or transfusion-dependent
thalassemia, making Italy one of the countries with the high-
est incidence of thalassemic patients worldwide (https://www.
osservatoriomalattierare.it/malattie-rare/talassemia/19890
-beta-talassemia-circa-settemila-le-persone-affette-dalla-patol
ogia-in-italia).

This study aims to analyze a nonadult individual whose skele-
tal lesions suggest thalassemia, a group of hemoglobinopathies
commonly found in malaria-endemic regions.

)
N
4 \
\ \\
«‘/ \\\"
( /
{ (
| )
| K
\ \
J N
. \
P \
Q \
) !
{ Vercelli o ¢
y Ve 8
< \
—T
( !
~ R
A . \
{ 4 J
e A~ N
N §
( Vs
N
AN {
g |
— S

2 | Materials

The Church of Santa Maria Maggiore in Vercelli was built in
the 18th century and continued to be used until the first half
of the 19th century and features a unique burial space in its
underground area (Figure 1A). The cemetery is structured on
two levels: the first level includes individual tombs and family
chapels designated for ecclesiastics and nobles, while the sec-
ond level contains three communal ossuaries with hundreds of
individuals. On the first level, there is a prominent local family
that had a dedicated funerary space inside a chapel marked by
its heraldic coat of arms (Fusco et al. 2023). According to his-
torical sources, this important family settled in the area from
the first half of the 17th century. Inside the chapel, built in 1777,
the remains of two masonry tombs containing a total of eight
adults and five nonadults (Funerary Unit 17 and Funerary Unit
18) were discovered. Funerary Unit 17 (FU17) contains two
tiny, superimposed wooden coffins. The first coffin houses the
remains of two adults and three infants, buried in a secondary
deposition (Licata et al. 2024; Vanni et al. 2024). One of these
infants, designated FU 17 C1#2 (hereafter referred to as #2), is
the focus of this study due to pathological changes potentially re-
lated to its death. Not all skeletal elements of the infant are pres-
ent, likely due to preservation issues associated with secondary
depositions. Despite this, the skeletons show no fragmentation
and exhibit excellent cortical preservation (Figure 1B).

3 | Methods

Age estimation for Infant #2 was conducted by evaluating the
fusion of postcranial bones and measuring the diaphyseal length
of the long bones (Cunningham et al. 2000; Young 1957). Due to
the immaturity of the skeletal remains, sex determination was
not performed.

FIGURE1 | (A) Geographical location of Vercelli in Italy. (B) Skeleton of non-adult individual #2. [Colour figure can be viewed at wileyonlineli-

brary.com]
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Pathological conditions were first macroscopically examined to
identify any visible abnormalities. Radiographic analyses were
carried out using a FMI TOP330HFAR radiographic machine.
Differential diagnosis was then performed using the Appleby
protocol to differentiate the observed pathological features from
other conditions (Appleby et al. 2015).

4 | Results

Based on the diaphyseal length of the long bones, Infant #2 is
estimated to be between 6 months and 1year old.

The parietals were the only cranial bones that exhibited slight
diffuse porosity. No other macroscopic or radiological alter-
ations are observed in the skull. The long bones, including
the humeri, left ulna, radius, tibia, and femur, exhibit exten-
sive pitting in both the distal and proximal epiphyses. There
is a marked widening of the medullary cavity with enlarged
trabecular structure accompanied by thinning of the cortex,
most pronounced in the radius, ulna, and humeri, wherein the
proximal epiphyses, the cortex is almost completely destroyed.
The cortex in the metaphyses appears reticulated. The distal
femoral metaphyses are remodeled, resulting in a widened
outline that lacks the usual concave flare. The epiphyseal mar-
gins of all long bones are scalloped and jagged (Figures 2A,
3A). Radiographically, osteopenia, thinning of the metaphy-
seal cortex, and trabecular thinning are observed (Figures 2B,
3B). Similar enlargement, alteration of the trabecular pattern,
and smoothed margins are evident in flat bones such as the
pelvis and scapulae. A fan-like organization of trabeculae is
observable in the pelvis (Figure 3C).

The ribs are hypertrophic, with flared epiphyses. The thinning
of the cortex is mostly in the posterior portions that show lace-
like cortical rarefaction, with the underlying trabeculae exhibit-
ing a diagonal arrangement. The most striking lesions observed
are the hypertrophic and locally thickened ribs, showing an ap-
pearance like that of healing calluses (Figure 4A). These local-
ized bone formations observed on radiographs do not reveal a
distinct fracture line (Figure 4B). Instead, they resemble costal
osteomas, with localized areas of cancellous new bone deposited
on the top of the original cortex at the anterior midshaft. The
radiographic aspect is that of “rib-within-a-rib” appearance, de-
picted by a band of radiopaque bone (Figure 4B).

5 | Discussion

Among the most notable manifestations in this individual are
bone marrow hyperplasia, cortical thinning, osteopenia, and
the radiological “rib-within-a-rib” appearance. These find-
ings led us to consider several conditions in the differential
diagnosis, including metabolic disorders such as vitamin D
and C deficiencies, iron-deficiency anemia (IDA), hereditary
spherocytosis (HS), congenital hemolytic anemias, such as
sickle cell anemia (SCA), and different forms of thalassemia:
major, intermedia, minor (8-TM, 3-T1, §-Tm). Certain types of
anemia that are commonly included in differential diagnoses
have been deliberately excluded in this case. Forms of anemia
resulting from toxicosis and congenital anomalies, such as
Fanconi's anemia, Diamond-Blackfan anemia, and transient
erythroblastopenia, are typically aplastic, as these conditions
suppress erythropoietic activity and are unlikely to cause
marrow expansion (Lewis 2018; Simonson and Kao 1991).

FIGURE 2 | (A) Humerus, ulna, and radius. Bones exhibit porosity and widespread pitting, particularly on the proximal end of the radius and

ulna, indicating generalized osteopenia. The cortex is nearly absent in the proximal epiphyses, with smoothed margins. The cortex appears reticu-

lated in the metaphysis. (B) Conventional radiograph showing osteopenia and thinning of the metaphyseal cortex. [Colour figure can be viewed at

wileyonlinelibrary.com]
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FIGURE 3




FIGURE 3 | (A) The femur and tibia display porosity and cortical rarefaction. The epiphyseal margins are scalloped and jagged. The distal fem-
oral metaphysis shows remodeling, resulting in a widened contour that lacks the usual concave flare. Thickened trabeculae are also visible. (B) A
Radiograph highlights osteopenia and thinning of the metaphyseal cortex. The femur shows a widening of the epiphyseal and metaphyseal marrow
spaces and alteration in the medullary cavity. (C) Left scapula and right ilium. Severe osteopenia is eviden,t with porosity and cortical thinning. The

trabecular bone in the long bones and ilium is thickened and sparse. [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE4 | (A)Ribs are thickened with accentuated pitting along the costal margin; the surface shows extreme lacelike cortical rarefaction. (C)
X-ray image showing thick layers of subperiosteal new bone on the rib shafts, with ribs exhibiting a “rib-within-a-rib” appearance. [Colour figure

can be viewed at wileyonlinelibrary.com]

Similarly, vitamin B12 deficiency anemia has been excluded
from the differential diagnosis in Table 1, as infants typically
have sufficient B12 stores for 2 to 3years (Simpson 1991).
Similarly, some rare conditions, such as polycythemia vera
(PV) and cyanotic congenital heart disease (CCHD), have
been excluded, as anemia in these cases typically represents
the final stage of pathological alterations and hyperplasia
primarily affects the diploe (Alonso-Gonzalez et al. 2023;
Brickley and Ives 2008; Monge et al. 2024; Murray 1964; Walor
et al. 2005).

Based on the evidence reported in Table 1, metabolic disorders
such as vitamin D and C deficiencies have been ruled out, as
well as IDA. Moreover, acquired anemias due to nutritional de-
ficiencies are often associated with conditions such as scurvy
and rickets (Lewis 2018). However, no manifestations of these
diseases are present in the case under examination.

We have also excluded anemia due to malaria based on the
available evidence. Although malaria does not cause direct

skeletal lesions, it induces hemolytic anemia, which can con-
tribute to the development of porous bone lesions (Schats 2023).
Five types of porous skeletal lesions have been more frequently
associated with malaria, primarily affecting the cranium, ver-
tebral column, and the humeral and femoral necks (Smith-
Guzman 2015). In this child, many of the observed lesions
on other bones do not align with those commonly linked to
the disease. In malaria, porotic lesions are typically due to
chronic or recurrent infections caused by Plasmodium vivax
(Setzer 2014), since acute infections caused by Plasmodium
falciparum leave minimal skeletal traces. There is limited
clinical evidence for skeletal changes in chronic malaria cases,
especially in very young individuals (Schats 2021). The au-
thors are not aware of any cases of skeletal manifestations due
to chronic malaria in children under 1year of age, as in our
case. It is highly unlikely that such a young child could have
developed chronic malaria. We have also excluded hereditary
spherocytosis (HS), as bone changes associated with HS are
typically limited to the cranial diploé¢ and rarely affect long
bones (Perrotta et al. 2008).
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We also dismissed SCA based on the observed skeletal evidence.
SCA typically affects the skull, vertebrae, tibia, and fibula
(Buikstra 2019; Steinbock 1976), while in this case additional
bones are involved. Moreover, SCA is characterized by new bone
formation, osteomyelitis, and cortical thickening in the tibia and
fibula, which can reduce the medullary cavity (Lewis 2018). In
contrast, the individual under study exhibits cortical thinning
with no signs of necrosis, further supporting the exclusion of
SCA. Moreover, the most characteristic skeletal features of this
pathology may not be evident before the age of 9years (Ascenzi
and Marinozzi 1958).

In thalassemia major and intermedia, one notable feature is
the “hair-on-end” appearance, which indicates extensive bony
proliferation of the outer table of the cranial vault and is par-
ticularly prominent in the most severe cases (Lagia et al. 2006).
In our study, this manifestation is not observed in the parietal
bones, the only skull bones present. However, this finding, al-
though more commonly associated with thalassemia than other
anemias, proves to be not as frequent, with a prevalence of only
0.08% in modern populations (Chaichun et al. 2021; Poyton and
Davey 1968). This radiological appearance typically develops
when clinical symptoms of hemoglobinopathies become evident
after the sixteenth month of life, following the decline in fetal
hemoglobin production (Jorge et al. 2016). Since #2 was between
6months and 1year of age, the absence of this radiological fea-
ture is consistent with the expected timing of its appearance.

Individuals with f-thalassemia major and intermedia could
exhibit a range of postcranial lesions, including marrow hyper-
plasia and new bone formation that may cover the entire outer
surface of the ribs, producing a “rib-within-a-rib” appearance.
This phenomenon is described as costal osteomas caused by
excessive marrow proliferation within a bony shell atop the
original cortex, accompanied by localized erosions (Lawson
et al. 1981). Erlenmeyer flask deformities, which notably affect
the humerus and femurs, are also prevalent. These alterations
are evident in #2, with the “rib-within-a-rib” appearance partic-
ularly indicative of f-thalassemia major and intermedia in pa-
tients without transfusions (Lagia et al. 2006; Pfeiffer et al. 1995).
Consequently, the authors suggest that #2 may have been affected
by B-thalassemia. The terms “major,” “minor” and “intermedia”
describe the severity of the condition and reflect its clinical phe-
notypes. Individuals with thalassemia minor usually experience
mild anemia and are often unaware of their condition, as it gen-
erally does not cause significant health issues (Galanello and
Cao 1998). The range of thalassemia intermedia includes con-
ditions ranging from moderate microcytic hypochromic anemia
with minimal splenomegaly and minimal facial bone alterations
to severe anemia accompanied by hepatosplenomegaly and sig-
nificant bone changes (Galanello and Origa 2010). Thalassemia
major requires regular blood transfusions from infancy for sur-
vival and is associated with significant skeletal alterations, also
observed in thalassemia intermedia. However, bone changes,
such as rib alterations, are more common in untreated children
with thalassemia intermedia (Pfeiffer et al. 1995).

Patients with thalassemia intermedia often survive into later
life without blood transfusions, although this generally involves
significant marrow proliferation and associated skeletal abnor-
malities (Sahni et al. 1991). This form of thalassemia is the most

likely to be encountered in antiquity. Without treatment, chil-
dren with -thalassemia intermedia typically die before the age
of 8 (Taher et al. 2006), while survival rates for 3-thalassemia
major are even lower (Weatherall and Clegg 2008). However,
since #2 was younger than 1year old, it is possible to suggest 3-
thalassemia major as a more likely diagnosis. This form is rarely
found in archaeological records, even in regions where it is com-
mon today (Lagia et al. 2006).

Monge (Monge et al. 2024) identified only 18 possible cases
of B-thalassemia in individuals under the age of 12 through a
comprehensive literature review. Notably, most of these cases
originate from Italy and the United Kingdom. In the Italian
context, one of the earliest examples involves a 4-5-year-old
child from Central Italy, dated to the 3rd century BCE (Facchini
et al. 2004). Further cases include an 8-year-old child from the
same region (Baggeri and Mallegni 2001), along with five addi-
tional individuals dated between the 1st and 3rd centuries CE
(Yang 1997). According to Lewis, the presence of thalassemia
in Roman Britain may be linked to migratory flows from the
Mediterranean area (Lewis 2012).

Archaeological data on this pathology are limited, despite the
WHO estimate of 270 million carriers of thalassemia syndromes,
including 70 million with §-thalassemia (De Sanctis et al. 2017).
This restricted sample is significant considering the hereditary
nature of the disease and its earliest known occurrence dating
back to the 4th to 3rd millennium BCE (Vlok et al. 2021).

B-Globin gene (HBB) mutations have been recognized as a pos-
itive selection for heterozygotes in malaria-endemic environ-
ments (Haldane 2006). In general, thalassemia follows the same
geographical distribution as malaria, suggesting it evolved as a
protection during childhood (Serjeant 2013).

Therefore, the presence of potentially 3-thalassemic individuals
in Vercelli is not surprising, given the historical spread of ma-
laria in the marshlands and rice fields of the region.

Piedmont is one of the regions with the highest number of pa-
tients affected by thalassemia in Italy today (https://www.talas
semicipiemonte.it/it/la-talassemia-o-morbo-di-cooley/).

However, no paleopathological evidence of {-thalassemia
has been previously identified. A crucial role in identification
arises from the difficulty in distinguishing between bone le-
sions caused by thalassaemic syndrome and those due to other
acquired or genetic anemias (Ascenzi and Marinozzi 1958;
Buikstra 2019; Murray 1964). Therefore, considering biological,
historical, and environmental information is essential for differ-
ential diagnosis (Sciano et al. 2021).

6 | Limitations of the Study

The general skeletal response to various types of anemia, with
similar skeletal manifestations, makes morphological diagno-
sis very challenging. Several scholars (Buikstra 2019; Galanello
and Origa 2010) argue that the difficulty in diagnosing (-
thalassemia, especially in ancient skeletons, is due to the ex-
tensive heterogeneity of $-thalassemias at the molecular level,
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with more than 200 mutations reported to date, which can affect
bones with significant variability (Lewis 2012).

Additionally, the skeletal remains analyzed in this study are in-
complete, notably missing facial bones. Odontofacial manifesta-
tions are crucial for diagnosing thalassemia and differentiating
it from other anemias (Lagia et al. 2006). In this case, only the
parietal bones were available for examination, limiting our abil-
ity to fully assess these diagnostic characteristics.

Additionally, the absence of molecular or genetic testing restricts
the possibility of definitively diagnosing the condition.

Furthermore, the historical context and environmental data
provide valuable insights. However, they cannot account for in-
dividual variations in disease presentation or other interrelated
factors that may have influenced the skeletal evidence.

7 | Conclusion

The analysis of the skeletal remains of infant #2 from Vercelli sug-
gests the possible presence of §-thalassemia major, a hemoglob-
inopathy historically influenced by malaria endemic in the region.

The difficulty in diagnosing thalassemia in paleopathological
contexts, given the similarity of bone lesions to other anemias,
is further compounded when the cranium is absent, and no bio-
molecular confirmation is available. In such situations, osteo-
logical analysis remains a key tool and gains further value when
integrated with historical and environmental information to
support the differential diagnosis. Although the interpretation
remains cautious, this case provides important insight into the
potential presence of thalassemia in past populations, contrib-
uting new data from a region—Piedmont—where no previous
osteoarchaeological evidence had been identified. It also under-
scores the importance of recognizing the noncranial skeletal
manifestations of thalassemia in infants, which may easily be
overlooked during analysis and recording.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Alonso-Gonzalez, R., D. Massarella, and L. Swan. 2023. “Skeletal
System in Adult Congenital Heart Disease.” International Journal of
Cardiology Congenital Heart Disease 13: 100460. https://doi.org/10.
1016/j.ijcchd.2023.100460.

Appleby, J., R. Thomas, and J. Buikstra. 2015. “Increasing Confidence
in Paleopathological Diagnosis—Application of the Istanbul
Terminological Framework.” International Journal of Paleopathology 8:
19-21. https://doi.org/10.1016/.ijpp.2014.07.003.

Arndt, U, J. P. Kaltwasser, R. Gottschalk, D. Hoelzer, and B. Mdéller.
2005. “Correction of Iron-Deficient Erythropoiesis in the Treatment of

Anemia of Chronic Disease With Recombinant Human Erythropoietin.”
Annals of Hematology 84, no. 3: 159-166. https://doi.org/10.1007/s0027
7-004-0950-z.

Ascenzi, A., and V. Marinozzi. 1958. “Acta Haemat. Sur Lecarane En
Bosse Au Cours Des Polyglobuliesecondaire a I'hypoxemie Chronigue.”
Acta Haematologica 19: 253-262.

Baggeri, G., and F. Mallegni. 2001. “Morphopathology of Some Osseous
Alterations of Thalassic Nature.” Paleopathology News-Letter 116: 10-16.

Brickley, M., and R. Ives. 2008. The Bioarchaeology of Metabolic Bone
Disease. Academic Press.

Buikstra, J. E., ed. 2019. Ortner’s Identification of Pathological
Conditions in Human Skeletal Remains. Third ed. Elsevier—Academic
Press. https://doi.org/10.1016/B978-0-12-809738-0.00022-3.

Celli, A. 1909. La malaria secondo le nuove ricerche. Societa editrice
Dante Alighieri.

Chaichun, A., L. Yurasakpong, A. Suwannakhan, S. lamsaard, S. Arun,
and A. Chaiyamoon. 2021. “Gross and Radiographic Appearance of
Porotic Hyperostosis and Cribra Orbitalia in Thalassemia Affected
Skulls.” Anatomy & Cell Biology 54: 280-284. https://doi.org/10.5115/
acb.20.323.

Coppola Bove, L., C. L. Kirkpatrick, A. Vigil-Escalera Guirado, M. C.
Botella Lopez, and K. I. Bos. 2024. “A Morphological and Molecular
Approach to Investigating Infectious Disease in Early Medieval Iberia:
The Necropolis of La Olmeda (Palencia, Spain).” American Journal of
Biological Anthropology 185, no. 1: €24994. https://doi.org/10.1002/ajpa.
24994.

Corbellini, G. 2022. Storia Della Malaria in Italia. Carocci Editore.

Cunningham, C., L. Scheuer, and S. Black. 2000. Developmental Juvenile
Osteology. Elsevier.

De Sanctis, V., C. Kattamis, D. Canatan, et al. 2017. “B-Thalassemia
Distribution in the Old World: An Ancient Disease Seen From a
Historical Standpoint.” Mediterranean Journal of Hematology and
Infectious Diseases 9, no. 1: €2017018. https://doi.org/10.4084/MJHID.
2017.018.

Facchini, F., E. Rastelli, and P. Brasili. 2004. “Cribra orbitalia and cribra
cranii in Roman Skeletal Remains From the Ravenna Area and Rimini
(I-IV Century AD).” International Journal of Osteoarchaeology 14, no.
2:126-136. https://doi.org/10.1002/0a.717.

Faerman, M., A. Nebel, D. Filon, et al. 2000. “From a Dry Bone to
a Genetic Portrait: A Case Study of Sickle Cell Anemia.” American
Journal of Physical Anthropology 111, no. 2: 153-163. https://doi.org/
10.1002/(SICI)1096-8644(200002)111:2%3C153:: AID-AJPA2%3E3.0.
CO:;2-0.

Fusco, R., A. Vanni, C. Tesi, and C. Messina. 2023. “Capta est ne ma-
litia mutaret intelletum eius...” Study on a Natural Mummy From an
Underground Cemetery (18-19th Century).” Medicina Historica 7, no.
2:e2023044.

Galanello, R., and A. Cao. 1998. “Relationship Between Genotype and
Phenotype. Thalassemia Intermedia.” Annals of the New York Academy of
Sciences 850: 325-333. https://doi.org/10.1111/j.1749-6632.1998.tb10489.x.

Galanello, R.,and R. Origa. 2010. “Beta-Thalassemia.” Orphanet Journal
of Rare Diseases 5: 11. https://doi.org/10.1186/1750-1172-5-11.

Gomes, R. A. M. P., J. Petit, O. Dutour, and A. L. Santos. 2022.
“Frequency and Co-Occurrence of Porous Skeletal Lesions in
Identified Non-Adults From Portugal (19th to 20th centuries) and
Its Association With Respiratory Infections as Cause of Death.”
International Journal of Osteoarchaeology 32, no. 5: 1061-1072.
https://doi.org/10.1002/0a.3132.

Haldane, J. B. S. 2006. “The Rate of Mutations of Human Genes.” In
Malaria: Genetic and Evolutionary Aspects, 169-174. Kluwer Academic
Publishers. https://doi.org/10.1007/0-387-28295-5_8.

349

B5UB17 SUOWIIOD 3A 181D 3|qedljdde aup Aq pauenob ae sapiie O ‘88N JO s3I 10} Ae1q 1 8UIIUO AB|IM UO (SUORIPUOD-PUR-SWISH W00 A3 | 1M ALRIq 1 oU1|UO//SANY) SUORIPUOD PUe SWB L 8U3 89S *[5202/TT/L0] U0 A%iqi 8uliuo A8|IM *e!feleueIyo0D AG TE00LB0/Z00T OT/I0P/W0D A8 | M AReiq Ul |uo//Sdiy W1y pepeojumoq ‘S ‘SZ0C ‘2TZTE60T


https://doi.org/10.1016/j.ijcchd.2023.100460
https://doi.org/10.1016/j.ijcchd.2023.100460
https://doi.org/10.1016/j.ijpp.2014.07.003
https://doi.org/10.1007/s00277-004-0950-z
https://doi.org/10.1007/s00277-004-0950-z
https://doi.org/10.1016/B978-0-12-809738-0.00022-3
https://doi.org/10.5115/acb.20.323
https://doi.org/10.5115/acb.20.323
https://doi.org/10.1002/ajpa.24994
https://doi.org/10.1002/ajpa.24994
https://doi.org/10.4084/MJHID.2017.018
https://doi.org/10.4084/MJHID.2017.018
https://doi.org/10.1002/oa.717
https://doi.org/10.1002/(SICI)1096-8644(200002)111:2%3C153::AID-AJPA2%3E3.0.CO;2-O
https://doi.org/10.1002/(SICI)1096-8644(200002)111:2%3C153::AID-AJPA2%3E3.0.CO;2-O
https://doi.org/10.1002/(SICI)1096-8644(200002)111:2%3C153::AID-AJPA2%3E3.0.CO;2-O
https://doi.org/10.1111/j.1749-6632.1998.tb10489.x
https://doi.org/10.1186/1750-1172-5-11
https://doi.org/10.1002/oa.3132
https://doi.org/10.1007/0-387-28295-5_8

Hershkovitz, I., B. M. Rothschild, B. Latimer, et al. 1997. “Recognition
of Sickle Cell Anemia in Skeletal Remains of Children.” American
Journal of Physical Anthropology 104, no. 2: 213-226. https://doi.
org/10.1002/(SICI)1096-8644(199710)104:2<213::AID-AJPA8>3.0.
CO;2-Z.

Jorge, S., D. Ribeiro, M. Santos, and M. Sonati. 2016. “Hemoglobin:
Structure, Synthesis and Oxygen Transport.” In Sickle Cell Anemia, ed-
ited by F. Costa and N. Conran, 1-22. Springer. https://doi.org/10.1007/
978-3-319-06713-1_1.

Lagia, A., C. Eliopoulos, and S. Manolis. 2006. “Thalassemia:
Macroscopic and Radiological Study of a Case.” International Journal
of Osteoarchaeology 17, no. 3: 269-285. https://doi.org/10.1002/0a.881.

Lawson, J. P.,, R. C. Ablow, and H. A. Pearson. 1981. “The Ribs in
Thalassemia. I. The Relationship to Therapy.” Radiology 140, no. 3:
663-672. https://doi.org/10.1148/radiology.140.3.7280233.

Lewis, M. 2018. Paleopathology of Children. Academic Press. https://
doi.org/10.1016/B978-0-12-410402-0.00008-4.

Lewis, M. E. 2012. “Thalassaemia: Its Diagnosis and Interpretation in
Past Skeletal Populations.” International Journal of Osteoarchaeology
22, no. 6: 685-693. https://doi.org/10.1002/0a.1229.

Licata, M., C. Tesi, O. Larentis, et al. 2024. “Elongated Styloid
Process of an Autopsied Skull From the Cemetery of Santa Maria
Maggiore in Vercelli, 18th-19th Century (Piedmont, Northern Italy).”
Anthropologischer Anzeiger 81, no. 2: 209-218. https://doi.org/10.1127/
anthranz/2023/1671.

Monge, A., M. Lourenco, M. Macedo, R. Gaspar, M. Ribeiro, and A. L.
Santos. 2024. “Possible Thalassemia Intermedia in a Child (16th-18th
Century) From the Westernmost Part of Europe: Potential Association
With Malaria and Past Migrations.” Anthropological Science 132: 133—
142. https://doi.org/10.1537/ase.231105.

Mosca, A. 2009. Regional Interventions in Mosquito Control. Piedmont
Region, Turin.

Moseley, J. E. 1974. “Skeletal Changes in the Anemias.” Seminars in
Roentgenology 9, no. 3: 169-184. https://doi.org/10.1016/0037-198X(74)
90015-7.

Murray, R. 0. 1964. “Bone Changes in Hematologic Disorders (Roentgen
Aspects).” Journal of Bone and Joint Surgery. British Volume 46-B, no. 3:
578-578. https://doi.org/10.1302/0301-620X.46B3.578.

Niscola, P.,D. Piccioni, L. Scaramucci, et al. 2007. “Bone Marrow Necrosis
as a Terminal Complication of a Very Long-Lasting Polycythemia Vera.”
International Journal of Hematology 86, no. 4: 377-378. https://doi.org/
10.1532/1JH97.E0726.

Oikonomidou, P. R., C. Casu, Z. Yang, et al. 2016. “Polycythemia
Is Associated With Bone Loss and Reduced Osteoblast Activity in
Mice.” Osteoporosis International: A Journal Established as Result of
Cooperation Between the European Foundation for Osteoporosis and
the National Osteoporosis Foundation of the USA 27, no. 4: 1559-1568.
https://doi.org/10.1007/s00198-015-3412-7.

Perrotta, S., P. G. Gallagher, and N. Mohandas. 2008. “Hereditary
Spherocytosis.” Lancet 372, no. 9647: 1411-1426. https://doi.org/10.
1016/S0140-6736(08)61588-3.

Pfeiffer, E. A., L. Coppage, and W. F. Conway. 1995. “General Case of
the Day. Extra Medullary Hematopoiesis (EH) in a Patient With Beta-
Thalassemia.” Radiographics 15, no. 1: 235-238.

Poyton, H. G., and K. W. Davey. 1968. “Thalassemia: Changes Visible in
Radiographs Used in Dentistry.” Oral Surgery, Oral Medicine, and Oral
Pathology 25, no. 4: 564-576. https://doi.org/10.1016/0030-4220(68)
90301-0.

Rohnbogner, A. 2016. “Differential Diagnosis of a Probable Case of Non-
Adult Thalassaemia From 4th Century AD Romano-British Colchester,
UK.” International Journal of Paleopathology 15: 39-49. https://doi.org/
10.1016/j.ijpp.2016.08.002.

Sahni, A., B. R. Thapa, S. Gulati, and S. Mehta. 1991. “Skeletal
Manifestations in Beta-Thalassaemia Intermedia.” Journal of the
Association of Physicians of India 39, no. 3: 288-290.

Schats, R. 2021. “Cribriotic Lesions in Archaeological Human Skeletal
Remains. Prevalence, Co-Occurrence, and Association in Medieval and
Early Modern Netherlands.” International Journal of Paleopathology 35:
81-89. https://doi.org/10.1016/j.ijpp.2021.10.003.

Schats, R. 2023. “Developing an Archaeology of Malaria. A Critical
Review of Current Approaches and a Discussion on Ways Forward.”
International Journal of Paleopathology 41: 32-42. https://doi.org/10.
1016/j.ijpp.2023.03.002.

Sciano, F., B. Bramanti, and E. Gualdi-Russo. 2021. “A New Investigative
Strategy to Diagnose f(-Thalassemia Syndrome in Past Human
Populations.” Archaeological and Anthropological Sciences 13, no. 2: 26.
https://doi.org/10.1007/s12520-020-01261-5.

Serjeant, G. R. 2013. “The Natural History of Sickle Cell Disease.” Cold
Spring Harbor Perspectives in Medicine 3, no. 10: a011783. https://doi.
org/10.1101/cshperspect.a011783.

Setzer, T. J. 2014. “Malaria Detection in the Field of Paleopathology: A
Meta-Analysis of the State of the Art.” Acta Tropica 140: 97-104. https://
doi.org/10.1016/j.actatropica.2014.08.010.

Simonson, T., and S. Kao. 1991. “Hematological Disorders.” In Jolly's
Diseases of Children, edited by M. Levene, sixth ed., 423-441. Blackwell
Scientific.

Simpson, E. 1991. “Hematological Disorders.” In Jolly’s Diseases of
Children, sixth ed. Blackwell Scientific.

Smith-Guzman, N. E. 2015. “The Skeletal Manifestation of Malaria:
An Epidemiological ~Approach Using Documented Skeletal
Collections.”American Journal of Physical Anthropology 158, no. 4: 624—
635. https://doi.org/10.1002/ajpa.22819.

Steinbock, R. T. 1976. Paleopathological Diagnosis and Interpretation.
Charles C Thomas Pub Ltd.

Taher, A., H. Isma'eel, and M. D. Cappellini. 2006. “Thalassemia
Intermedia: Revisited.” Blood Cells, Molecules & Diseases 37, no. 1: 12—
20. https://doi.org/10.1016/j.bcmd.2006.04.005.

Vanni, A.,R.Fusco, C. Tesi, and M. Licata. 2024. “Autopsy or Anatomical
Dissection? Comparative Analysis of an Osteoarchaeological Sample
From an 18-19th Century Hypogeal Cemetery (Northern Italy).” Journal
of Archaeological Science: Reports 54: 104418. https://doi.org/10.1016/j.
jasrep.2024.104418.

Vlok, M., H. R. Buckley, J. J. Miszkiewicz, et al. 2021. “Forager and
Farmer Evolutionary Adaptations to Malaria Evidenced by 7000 Years
of Thalassemia in Southeast Asia.” Scientific Reports 11, no. 1: 5677.
https://doi.org/10.1038/541598-021-83978-4.

Walker, P. L., R. R. Bathurst, R. Richman, T. Gjerdrum, and V. A.
Andrushko. 2009. “The Causes of Porotic Hyperostosis and Cobra
Orbitals: A Reappraisal of the Iron-Deficiency-Anemia Hypothesis.”
American Journal of Physical Anthropology 139, no. 2: 109-125. https://
doi.org/10.1002/ajpa.21031.

Walor, D. M., W. E. Berdon, and S. J. Westra. 2005. “Hair-on-End” Skull
Changes Resembling Thalassemia Caused by Marrow Expansion in
Uncorrected Complex Cyanotic Heart Disease.” Pediatric Radiology 35,
no. 7: 698-701. https://doi.org/10.1007/s00247-005-1403-0.

Weatherall, D., and J. Clegg. 2008. The Thalassaemia Syndromes. 4th
Edition| ed. Wiley. https://www.wiley.com/en-us/The+Thalassaemia+
Syndromes%2C+4th+Edition-p-9780470695944.

Yang, D. 1997. “DNA Diagnosis of Thalassemia From Ancient Italian
Skeletons” [Thesis, McMaster|. https://macsphere.mcmaster.ca/han-
dle/11375/12939.

Young, R. W. 1957. “Postnatal Growth of the Frontal and Parietal Bones
in White Males.” American Journal of Physical Anthropology 15, no. 3:
367-386. https://doi.org/10.1002/ajpa.1330150316.

350

International Journal of Osteoarchaeology, 2025

B5UB17 SUOWIIOD 3A 181D 3|qedljdde aup Aq pauenob ae sapiie O ‘88N JO s3I 10} Ae1q 1 8UIIUO AB|IM UO (SUORIPUOD-PUR-SWISH W00 A3 | 1M ALRIq 1 oU1|UO//SANY) SUORIPUOD PUe SWB L 8U3 89S *[5202/TT/L0] U0 A%iqi 8uliuo A8|IM *e!feleueIyo0D AG TE00LB0/Z00T OT/I0P/W0D A8 | M AReiq Ul |uo//Sdiy W1y pepeojumoq ‘S ‘SZ0C ‘2TZTE60T


https://doi.org/10.1002/(SICI)1096-8644(199710)104:2%3C213::AID-AJPA8%3E3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1096-8644(199710)104:2%3C213::AID-AJPA8%3E3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1096-8644(199710)104:2%3C213::AID-AJPA8%3E3.0.CO;2-Z
https://doi.org/10.1007/978-3-319-06713-1_1
https://doi.org/10.1007/978-3-319-06713-1_1
https://doi.org/10.1002/oa.881
https://doi.org/10.1148/radiology.140.3.7280233
https://doi.org/10.1016/B978-0-12-410402-0.00008-4
https://doi.org/10.1016/B978-0-12-410402-0.00008-4
https://doi.org/10.1002/oa.1229
https://doi.org/10.1127/anthranz/2023/1671
https://doi.org/10.1127/anthranz/2023/1671
https://doi.org/10.1537/ase.231105
https://doi.org/10.1016/0037-198X(74)90015-7
https://doi.org/10.1016/0037-198X(74)90015-7
https://doi.org/10.1302/0301-620X.46B3.578
https://doi.org/10.1532/IJH97.E0726
https://doi.org/10.1532/IJH97.E0726
https://doi.org/10.1007/s00198-015-3412-7
https://doi.org/10.1016/S0140-6736(08)61588-3
https://doi.org/10.1016/S0140-6736(08)61588-3
https://doi.org/10.1016/0030-4220(68)90301-0
https://doi.org/10.1016/0030-4220(68)90301-0
https://doi.org/10.1016/j.ijpp.2016.08.002
https://doi.org/10.1016/j.ijpp.2016.08.002
https://doi.org/10.1016/j.ijpp.2021.10.003
https://doi.org/10.1016/j.ijpp.2023.03.002
https://doi.org/10.1016/j.ijpp.2023.03.002
https://doi.org/10.1007/s12520-020-01261-5
https://doi.org/10.1101/cshperspect.a011783
https://doi.org/10.1101/cshperspect.a011783
https://doi.org/10.1016/j.actatropica.2014.08.010
https://doi.org/10.1016/j.actatropica.2014.08.010
https://doi.org/10.1002/ajpa.22819
https://doi.org/10.1016/j.bcmd.2006.04.005
https://doi.org/10.1016/j.jasrep.2024.104418
https://doi.org/10.1016/j.jasrep.2024.104418
https://doi.org/10.1038/s41598-021-83978-4
https://doi.org/10.1002/ajpa.21031
https://doi.org/10.1002/ajpa.21031
https://doi.org/10.1007/s00247-005-1403-0
https://www.wiley.com/en-us/The%2BThalassaemia+Syndromes%2C%2B4th+Edition-p-9780470695944
https://www.wiley.com/en-us/The%2BThalassaemia+Syndromes%2C%2B4th+Edition-p-9780470695944
https://macsphere.mcmaster.ca/handle/11375/12939
https://macsphere.mcmaster.ca/handle/11375/12939
https://doi.org/10.1002/ajpa.1330150316

	A Possible Case of β-Thalassemia From the Cemetery of Santa Maria Maggiore in Vercelli (Piedmont, Northern Italy,18th Century)
	ABSTRACT
	1   |   Introduction
	2   |   Materials
	3   |   Methods
	4   |   Results
	5   |   Discussion
	6   |   Limitations of the Study
	7   |   Conclusion
	Conflicts of Interest
	Data Availability Statement
	References


