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Abstract: We discuss the probable presence of tuberculosis in non-adults of a medieval rural commu-
nity in northern Italy with a biocultural perspective. Before birth, mother and child have a closely
interconnected relationship, as suggested by the role of microchimerism on maternal health. To better
understand maternal—child health and related stress factors, paleopathology has investigated the
potential of this relationship in recent years. Diseases with environmental development factors such
as infections depend on and are strongly affected by maternal control variables such as, for example,
breastfeeding and the growth environment. This article presents ISZ2, the second possible case of
childhood tuberculosis identified in northeastern Italy through recent paleopathological criteria. The
subject is of primary importance as it not only represents a direct testimony of this infectious disease
otherwise known only from historical sources, but also increases our knowledge on the state of health
of infants in this area, which to date are scarcely analyzed.

Keywords: infectious disease; tuberculosis; children; paleopathology; bioarchaeology; Middle
Ages; Italy

1. Introduction

The relationship between a mother and her child during pregnancy is a complex
and mutually influential system characterized by various factors. One such factor, mi-
crochimerism, has been a subject of analysis and debate within the scientific community
for decades [1,2]. This intricate exchange involves cellular and micronutrient interactions,
as the mother provides these resources to support the child’s development. It is well-
established that maternal malnutrition can have long-term effects on fetal well-being [3-6].
Interestingly, the mother’s immune system recognizes the fetus as a “temporary self”,
protecting it during pregnancy [7,8]. These notions have led to the development of the
Mother-Infant Nexus concept in bioarchaeology, highlighting the interdependent physi-
ological and social relationship between mothers and infants [9]. This relationship holds
significant value in paleopathology.

Among the various disciplines within bioarchaeology, paleopathology focuses on
examining physical evidence of diseases in human remains [10]. However, the analysis of
fetal and child remains in archaeological contexts presents challenges due to their scarcity.
Nonetheless, these remains have gained increasing importance in recent years as they
offer insights into the health status of mothers [9,11,12]. Establishing paleopathological
information directly attributable to mothers is compleXx, as definitively identifying a woman
as a mother from an anthropological standpoint remains a topic of ongoing discussion.
The identification of “birth markers” still faces uncertainties [13], and one of the few
reliable methods to confirm a woman’s pregnancy is by finding cases of post-mortem fetal
extrusion [14]. However, other pathological conditions can provide valuable information
about the mother’s health, her environment, and the growth strategies of infants, including
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infectious diseases such as tuberculosis (IB) [15]. In paleopathology, the study of non-adult
individuals holds significant potential when considering the broader relational system in
which a child existed. Consequently, the results can provide important insights into the
quality of life and health conditions within the maternal environment.

Based on these considerations, we present a probable case of TB in a non-adult in-
dividual from the Late Middle Ages in Italy. The region of Northern Italy still lacks
sufficient information on the prevalence, economic impact, and social consequences of this
pathology [16,17].

1.1. Tuberculosis in Non-Adults

TB is a bacterial respiratory disease caused by the Mycobacterium tuberculosis com-
plex. It is primarily transmitted from person to person through the inhalation of bacteria-
containing droplets expelled by an infected individual [18]. TB affects people from all social
groups, age ranges, and countries. The Global Tuberculosis Report of 2022 [19] reported
10.6 million new cases of TB in 2021, with the highest prevalence observed in Southeast Asia
(45%), Africa (23%), and the Western Pacific region (18%). Approximately 11% of these new
cases are non-adults under the age of 16, including 1.6 million children under the age of 5.

TB can manifest in various forms within the skeletal system of both adults and non-
adults, leading to bone formation and destruction. The clinical and paleopathological diag-
nosis often focuses on skeletal traits in the thoracic and lumbar regions of the spine [10,20,21].
In the field of paleopathology, several nonspecific lesions have been identified in the post-
cranial skeleton of both adult and non-adult individuals [22-24]. These include new bone
formation on the inner surface of the skull, the visceral surface of the ribs, and long bones,
as well as calcified pleura, septic arthritis of the hip and knee, and tuberculous dactylitis
affecting the hands and feet [24-31]. Table 1 presents a literature review of non-adult
individuals in Italy with evidence of TB, spanning from the 6th millennium BCE to the
Modern era.

Table 1. Non-adult subjects with probable TB from Italy; individuals are ordered chronologically.

Site

Region Chronology n ID/Sex Age

C14 date: 5730 & 3 0 BP;

Pollera Cave [32,33] Liguria 4624-4455 BCE (20) 1/- 5 years
. L C14 date: 1st half of 4th
Arene Candide [34] Liguria millennium BCE 1/M 15 years
Tassullo [35] Trentino Alto-Adige 6th—11th century CE 1/- 9 months
. 4/F 17-20 years
Parma [20] Emilia Romagna 19th-20th century CE 4/M 17-20 years

1.2. Historical and Archaeological Background

The Immacolata and San Zenone Church (hereafter referred to as ISZ) is in the western
part of the Trento province in northeastern Italy (Figure 1). It is a small church characterized
by a single rectangular nave, a chapel, and a modest bell tower. While the precise date of
its construction remains uncertain, there are historical documents that attest to its antiquity.
The earliest recorded evidence of the church, dedicated to the Madonna, dates to 1360. In
1537, the church was additionally dedicated to San Zenone, and it has since been known by
its current name.
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Figure 1. The Immacolata and San Zenone church is in Tassullo, in the province of Trento, in the

northeastern part of Italy.

Between 2003 and 2004, the Immacolata and San Zenone church underwent restoration
under the scientific direction of the Soprintendenza per i Beni Culturali of Trento province.
During this restoration, the floor was removed to install a dehumidification system, which
provided archaeologists with an opportunity to gather valuable historical information
about the building. The excavation revealed the presence of earlier religious structures
dating back to the Early Middle Ages [35]. Inside the nave, archaeologists discovered
the remains of an Early Middle Age cemetery, which constitutes the oldest archaeological
evidence found in the church. The dating of these burials was made possible through the
analysis of grave goods found in the tombs. Among the findings, there were four masonry
tombs sealed with stone slabs, as well as other burials in earth pits. The skeleton discussed
in this paper is derived from one of the unstructured graves, referred to as Immacolata San
Zenone Individual 2 (ISZ2) (Figure 2a). The analysis of the grave goods suggests that the
individuals buried in this area lived between the 6th and 11th centuries CE.
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Figure 2. (a) The burial of ISZ2 was discovered in the nave of the church, and it is indicated in the
building’s plan by a dark gray filling. The lighter walls in the plan represent the older phases of the
building, while the darker ones represent later modifications. (b) A diagrammatic illustration of the
skeleton of ISZ2 is provided. Intentionally blank spaces indicate missing parts, while the preserved
bones are marked in ochre. Certain bones that display morphological changes, possibly associated
with tuberculosis, are highlighted with red asterisks. (¢) A photograph of the skeleton of ISZ2 is
also included.
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2. Materials and Methods

ISZ2 is a skeleton that is well preserved, although some elements may be fragmented
or missing. Taphonomic processes have not compromised the evaluation of the bone tissue
(Figure 2b,c). In the case at hand, the presence of skeletal lesions suggestive of tuberculosis
(TB) and potential comorbidities should be assessed with caution to exclude pseudopatho-
logical explanations. Pseudopathological conditions that could mimic TB lesions include
postmortem damage, post-depositional changes, or non-specific bone remodeling unrelated
to any pathological process. We determined the skeletal age by assessing epiphyseal bone
fusion [36] and teeth mineralization degree [37,38] considering their limited susceptibility
to nutritional stress and diseases [39,40]. Due to the individual’s immaturity, we did not
attempt to determine the sex. We conducted macroscopic examination of the bones using
both the naked eye and a magnifying glass. Furthermore, we radiologically analyzed the
bones at the Gaetano and Piera Borghi private clinic in Brebbia, Italy when the necessary
equipment was unavailable to patients. We used conventional medical radiological equip-
ment, including X-ray and CT examinations (GE Healthcare Revolution—GSI 128 Layers).
The imaging parameters were as follows: 100 kV, 80 mA. We applied a slice thickness
of 0.625 mm to all the pieces reconstructed at 3 mm. We processed the acquired images
using Mango software (Research Imaging Institute, UTHSCSA) and Radiant DICOM 5.0.2
Viewer (Medixant, Poznan-Poland) [41]. We documented and analyzed the pathological
bone changes considering both paleopathological and clinical literature. We assessed ab-
normal bone loss or formation according to anthropological standards [42] and proposed a
comprehensive analysis of the lesions based on the research of Mariotti and colleagues [20].

Ethical Statement

The Soprintendenza per i Beni Culturali—Trento province has archived ISZ2 in their
deposits, and they granted access to the ISZ sample under the authorization of the Soprint-
endenza with reference number 5120/2020/n. 25.4-2020-52/NP. Italian legislation does
not require an ethics committee opinion for analyzing archaeological human remains. We
conducted the analyses in compliance with the guidelines provided by the Istituto Centrale
per I’Archeologia (ICA), the Istituto Centrale per il Catalogo e la Documentazione (ICCD)
and Squires and colleagues [43]. Importantly, we performed all analyses non-destructively
to preserve the integrity of the remains for possible future studies.

3. Results

ISZ2 is an individual of undetermined sex, approximately 3 years old with an age
range of 12 months. The skeleton exhibits a high degree of completeness, and the excel-
lent preservation of the bones indicates minimal taphonomic and diagenetic alterations,
ensuring the reliability of our analysis (Figure 2b,c). Pathological lesions are observed in the
skull, spine, sacrum, ribs, and upper appendicular skeleton, as indicated by the presence of
red markers in Figure 2b.

The parietal bones display bilateral endocranial surface grooves (R area =2.5 x 3.2 cm;
L area = 1.8 x 3.3 cm) without diploic and ectocranial diffusion (Figure 3a,b,d). These
grooves are located near the sulcus of the anterior branch of the middle meningeal artery
(Figure 3c). The pars basilaris exhibits a groove (12.3 x 4.2 x 1.7 mm) with slightly curved
margins and finely pitted erosion on the inner surface, representing the site of the basilar
artery (Figure 3e). Moreover, reactive bone is observed at the insertions of the rectus anterior
capitis and longus capitis muscles, evidenced by cortical tissue overlapping (Figure 3f).
Radiological imaging reveals extensive areas of bone rarefaction, along with smaller regions
of denser bone near the lateral angle (Figure 4a).

The humeral olecranon fossae exhibit bone erosion and multiple perforations, creating
connections between the cortical bone and the medullary cavity (Figure 3g). Bilateral
periostosis is present on the visceral surface of the ribs from the fourth to the ninth rib, with
a maximum thickness of 1.2 mm (Figure 3h).
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Figure 3. The skeletal analysis of ISZ2 reveals several pathological features in specific bones. The
right parietal bone displays endocranial surface grooves (a,b,d) near the sulcus of the anterior branch
of the middle meningeal artery (c). The pars basilaris exhibits a groove with fine pitted erosion
on the inner surface (e), along with the presence of reactive bone near the insertions of the rectus
anterior capitis and longus capitis muscles (f). Furthermore, the right humeral olecranon fossa shows
evidence of erosion and perforations (g). Periostosis, characterized by increased bone formation, is
observed on the visceral surface of the fourth rib (h). In addition, there is a lack of trabecular bone
substance in the left S1 ala (i). The vertebral column reveals an enlarged canal for the basivertebral
vein in L2 (1) and enlarged foramina on the lateral aspect of T9 (m,n).
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Figure 4. CT acquisitions of select pathological bones of ISZ2 are depicted. In (a), the pars basilaris
exhibits areas of bone rarefaction indicated by blue circles, along with smaller regions of denser bone
near the lateral angle highlighted by a yellow circle. In (b,c), the T9 and L2 vertebrae, respectively,
demonstrate normal ossification patterns, with dense bone present at the border between the vertebral
body and peduncle denoted by orange circles. Additionally, increased bone density is observed
within the vertebral body, represented by yellow circles, and grooves are visible within the vertebral

body indicated by blue circles.
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Pathological changes also affect the thoracic and lumbar vertebrae. T9 and L2 display
enlarged canals for the basivertebral vein near the anterior internal plexus (Figure 3I).
Through computed tomography (CT) imaging, dense cortical tissue, and the continuation
of the grooves within the vertebral body are observed (Figure 4b,c). Additionally, enlarged
foramina are evident on the lateral aspects of the thoracic and lumbar vertebrae, connected
to cavities that are visible on CT and extend within the vertebral body (Figure 4b,c). For
a comprehensive list of evidence related to the foramina of the vertebrae, please refer to
Table 2.

Table 2. P/E (periosteal/outer cortical surface)—lesions observed on the outer surface of the cortex;
C/D (cortex/diploe)—lesions affecting the cortex excluding the outer surface or the diploe region;
Es/T/It (endosteal surface/trabeculae/internal table)—lesions present on the endosteal surface,
trabecular bone, or internal table; NP (not present)—absence of lesions in the specific location. The
bone lesions are further categorized based on their characteristics: ER (erosion)—areas of bone loss
or erosion; EnF (Enlarged foramina)—increased size or enlargement of the foramina. The data are
divided into the right (R) and left (L) sides, and measurements are reported in millimeters (mm).

Vertebra Side Location Bone Location Extent of Number of Trait Observed Size of Lesion
[42] [42] Involvement [42] Foci [42] [20] [20]

Lateral R P/E <1/3 1 OtF <3 mm

T7 Er (1)
Lateral L NP NP 2 OtF (1) <3 mm

ER (3)
o Lateral R P/E <1/3 5 OFF (2) <3 mm
Lateral L P/E <1/3 3 ER (3) <3 mm

ER (2)
Lateral R P/E <1/3 4 OFF (2) <3 mm

L2 ER (1)
Lateral L P/E <1/3 3 OFF (2) <3 mm

Furthermore, the radiological acquisition reveals the presence of ovoid erosive lesions
that are heterogeneously distributed within the vertebral bodies (Figure 4b,c, marked with
blue circles). Additionally, diffuse nodules of dense bone are observed in the vertebral
bodies of the thoracic region (Figure 4b,c, marked with yellow circles). Lastly, a profound
bilateral erosion is identified, affecting the cortical bone tissue of the sacrum wings. This
lytic evidence extends to the internal portion of the wings, characterized by the absence of
trabecular bone substance (Figure 31i).

4. Discussion

Diagnosing tuberculosis in the skeletal remains of young children poses considerable
challenges, primarily due to the more cartilaginous nature of their juvenile skeletons
compared to adults [44]. However, clinical and historical evidence strongly suggests that
tuberculosis was widespread among children, highlighting the growing recognition among
researchers of the potential for diagnosing tuberculosis in sub-adult skeletons from diverse
temporal and geographic contexts, e.g., [12,44-52]. Although differential diagnoses such as
Langerhans cell histiocytosis, infantile myofibromatosis, pneumonia, and actinomycosis
should be considered, tuberculosis appears to be the most probable cause for the range
of lesions observed in skeleton ISZ2. The concurrent occurrence of rib lesions, lytic skull
lesions, as well as vertebral and articular modifications provides additional support for
tuberculosis as the possible diagnosis in this case. Unfortunately, funding constraints
prevented the testing of ancient DNA during this research, which could have provided
additional confirmation of tuberculosis in this individual.

The disruption of the endocranial plate, known as Serpens Endocranica Symmetrica
(SES) in paleopathology, is observed in the skeletal series of post-17th century adults and is
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considered an indicator of intrathoracic pathology, most likely tuberculosis (TB) [53,54]. How-
ever, a broader diagnostic approach should be adopted in ancient populations, particularly
for subadults, as SES can also be associated with respiratory tract infections, neurovascular
disorders, hematomas, and metabolic diseases [53-56]. In the absence of antibiotics, non-
adults were at high risk of developing intracranial infections related to respiratory tract
infections and often succumbed to them [57]. The proximity of SES to the sulcus of the
anterior branch of the middle meningeal artery does not provide conclusive insights into
its etiology [53]. Therefore, its presence should be considered in conjunction with other
pathological changes observed in ISZ2 [58].

The bilateral evidence of pathological changes in the humeral olecranon fossa can
be attributed, for example, to fractures and dislocations (which can, for example, lead
to osteochondritis dissecans), juvenile arthritis, synovial chondromatosis or TB [59-61].
Although elbow dislocations are common in non-adults, the observed porosity in the
olecranon is not superficial, and there is no evidence of bone production typically seen in
cases of trauma [62]. Thus, TB appears to be a possible etiology, characterized by an intra-
articular geographic lytic lesion in the distal humerus accompanied by sclerosis [63,64].

Subperiosteal new bone formation on the ribs is a well-documented pathological
finding in skeletal collections [31,65-67] associated with respiratory tract diseases, trauma,
metabolic diseases, and hemorrhage [23,68-70]. However, it is frequently observed in
individuals who died from TB, as the bacteria can extend from the lungs or pleura into the
ribs [10,70]. Pathological changes are also present in the axial skeleton, including lesions
on the wing of the first sacral vertebra, which can be caused by pediatric sacral tumors or
TB [71-73]. Both possibilities are rare, and therefore the absence of bone in S1 should be
evaluated in conjunction with all other pathological findings observed in ISZ2.

The presence of an enlarged basivertebral vein canal and the surrounding area with
denser bone tissue may be associated with the development of adolescent idiopathic
scoliosis in non-adults, although the typical onset age for this condition is 9-17 years [74].
Pediatric spinal infections can be caused by various fungal, parasitic, bacterial, and viral
agents, and these alterations in the basivertebral venous canal can be observed [66]. While
distinguishing between these possibilities in paleopathology is challenging, vertebral
tuberculosis (TB) deserves special attention as it can spread through Batson’s venous
plexus, which could be hypothesized for the subject in question. The hypervascularization
of the vertebral bodies, as indicated by the presence of lateral foramina, supports the
concept of this infectious agent spread [20]. CT acquisitions provide a better evaluation
of this aspect and reveal the persistence of vascularization within the vertebral body.
Additionally, small nodules of bone tissue are found within T9. The presence of numerous
foramina, hypervascularization, and dense bony nodules in the ISZ2 vertebrae allows us to
hypothesize Mycobacterium as the causative agent [75,76], although TB can mimic other
infections and disease processes.

The likelihood that ISZ2 had skeletal tuberculosis (TB) along with potential comor-
bidities is substantial. Considering the observed spinal injuries, rib hyperostosis and other
evidence, although not pathognomonic, it can be speculated that the individual would
have experienced significant impairment and evident symptoms during their lifetime.
Coexisting common conditions during that era may have included pneumonia, pleurisy,
and underweight status [77-79].

It is important to note that the clinical presentation of tuberculosis in skeletal remains
can manifest itself in a variety of ways, including characteristic bony lesions and defor-
mities. These skeletal manifestations, coupled with the historical context of the prevalent
tuberculosis and associated comorbidities, add to the plausibility of this diagnosis. The
debilitating nature of the disease and its potential impact on respiratory function, together
with the presence of other respiratory conditions, further strengthen the case for pulmonary
tuberculosis as a primary underlying disease.

Additionally, it is critical to consider the socioeconomic and environmental factors of
the time, as they significantly influence disease prevalence and outcomes. Poor living condi-
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tions, overcrowding, and inadequate nutrition were prevalent during this era, contributing
to individual vulnerability to infectious diseases such as tuberculosis. Thus, the presence
of potential TB-associated comorbidities, such as pneumonia, pleurisy, and malnutrition,
aligns with the historical context and provides further support for the diagnosis.

It is important to recognize that this assessment is based on available evidence and
historical context and a comprehensive analysis including clinical, radiological, and molec-
ular investigations would be needed to confirm the diagnosis of tuberculosis and to further
explore potential comorbidities.

In the case of TB, bone involvement from the time of infection is estimated to occur
within a range of 10-36 months according to the clinical literature [80]. The innate immune
system does not retain the memory of specific infections such as TB, and the mother-infant
immunological connection has evolved to protect infants without immunity during their
development, even after birth through breastfeeding [81,82]. Weaning, in terms of infectious
disease development, can pose challenges. Anthropological data on children from the
same area suggest that weaning in these communities typically occurred around the age of
two [83]. Therefore, it is possible to hypothesize that weaning in our subject occurred at
least before the age of two.

Breastfeeding played a crucial role, and wet nurses likely cared for children even dur-
ing the Middle Ages. The absence of breastfeeding may have contributed to infant mortal-
ity [84,85], although in lower social classes and rural areas like Sanzenone, as demonstrated
by studies on a post-medieval sample recovered from a cemetery dedicated exclusively to
infants, located in a nearby church [86,87], mothers predominantly breastfed their children
due to the inability to afford a wet nurse [88,89]. Ethnographic evidence indicates that
breastfeeding is culturally accepted in most societies but practiced only in exceptional
circumstances, such as abandonment, maternal death, breast infection, illness, or when the
infant requires supplementary nutrition [9].

The development of chronic or infectious diseases in non-adults can have multifactorial
causes and may be related to challenging early childhood, poor nutrition, environmental
factors, and the type and quality of care received [88,89]. Variables such as breastfeeding
and carrying can also influence a child’s overall health, nutrition, and resistance to dis-
ease [90]. Some researchers have explored the connection between social class and immune
function, suggesting a link between stressful living conditions during early childhood and
the level of immunity and response regulation to infections [90-93]. The Middle Ages exem-
plify this, as the hygienic conditions of households were often inadequate and accompanied
by overcrowding [94], creating fertile grounds for numerous infectious diseases [95,96].

Another non-adult subject, identified as SU 21 and later referred to as ISZ1, also origi-
nates from Sanzenone and exhibits probable TB [16]. This further suggests the presence
of TB within the medieval community of San Zenone. The analysis of non-adults in bioar-
chaeology is crucial as it can provide insights into environmental stress and vulnerability
to infectious diseases during the critical early years of life. Understanding the pathological
evidence associated with infections and employing modern paleopathological parameters
for non-adults can facilitate the analysis of the mother—child environment [9].

5. Conclusions

Non-adults, although relatively rare in archaeological findings, provide invaluable
insights for our knowledge of ancient pathologies, particularly infectious diseases. Their
immature immune systems, both qualitatively and quantitatively, render non-adults more
susceptible to progressing from primary infection to disease compared to adults [79,97,98].
Thus, it is imperative to identify and understand these pathologies in non-adults within
ancient populations, considering their potential role as vectors. Additionally, infectious
diseases are widely recognized for their association with social inequality and poor living
conditions [24].

This research has contributed to the identification of a possible new case of tuberculosis
(TB) in a rural medieval context in Italy. The findings complement the existing knowledge
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about the presence of TB in the studied area and historical period [16], as previously
published research from the same site has already shed light on this aspect. The inclusion
of new possible cases of TB in non-adults expands our understanding of skeletal alterations
likely associated with primary TB infection.

Moreover, studying non-adults allows for the acquisition of novel data concerning
bone changes specifically linked to infectious and nutritional deficiencies [11,99,100]. TB,
in paleopathology, is predominantly known in its secondary chronic form, commonly
observed in adults. Therefore, focusing on non-adults and identifying possible cases of TB
in this population facilitates a more comprehensive examination of the available evidence
about skeletal manifestations potentially attributable to primary TB.

Furthermore, a thorough and detailed analysis of the growth environment, both from
a paleopathological and historical perspective, is necessary when studying non-adults. This
approach considers the critical relationship between the mother and child, as well as the
strategies employed for care and growth, which play significant roles. The maternal-infant
immune nexus has likely evolved to provide immunological protection to infants during
intrauterine development and extends postpartum through breastfeeding and other factors
influencing the growth environment [101]. Consequently, investigating the relationship
between weaning practices and the incidence of infectious diseases could be a promising
avenue for future research in the Italian context.

Overall, this study emphasizes the importance of considering non-adults in research
endeavors, as they offer unique insights into ancient pathologies and allow for a more
comprehensive understanding of the historical and social dynamics underlying disease
diffusion and transmission.
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