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ABSTRACT
Prior research has documented treponematosis at a single site in Mainland Southeast Asia from northern Vietnam dated to the 
early agricultural transition (~4000–3500 bp). To date, no other cases in Southeast Asia's prehistory have been identified. Here, 
we present evidence for congenital treponematosis in three non-adults from two different sites in north and south Neolithic 
Vietnam (4000–3200 bp) who present with dental and/or skeletal evidence consistent with congenital treponematosis, including 
Moon's molars of the deciduous and permanent dentition, gummatous lesions, saddle nose, and goundou. Following an exten-
sive review of clinical and paleopathological literature, we provide here a new threshold approach for dental stigmata related to 
congenital transmission of treponematosis. No other cases of treponematosis (congenital or acquired) were found in Vietnam 
following an extensive analysis of archaeological assemblages dated from 10,000 to 1000 bp (n = 309), suggesting treponemal 
disease was not a widespread condition on the east coast of Mainland Southeast Asia in prehistory. These findings also indicate a 
deep plasticity of Treponema pallidum, as the broader epidemiology still indicates a non-venereal form of the disease in Vietnam's 
prehistory, even with the evidence of congenital transmission.

1   |   Introduction

Skeletal evidence for venereal syphilis has predominantly relied 
on the presence of congenital forms to differentiate from endemic 
treponematosis in the archaeological record. Congenital forms of 
venereal syphilis are clinically well documented in comparison 
with endemic treponematoses that have very few mentions in the 

clinical and paleopathological literature of the last few decades 
(Harper et al. 2011; LaFond and Lukehart 2006; Meyer et al. 2002; 
Mitjà et al. 2013; Peeling et al. 2017; Powell and Cook 2005a; Vlok 
et  al.  2020). However, prior to major eradication efforts by the 
World Health Organization in the 1950s, congenital forms of en-
demic treponematoses were reported (Engelhardt  1959; Román 
and Román  1986). A notable study by Engelhardt  (1959), who 
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surveyed live births in 814 pregnant women from Java diagnosed 
with yaws, found only 25% were seronegative for yaws, with up to 
70% being born with yaws lesions. Over 100 children aged between 
1 and 3 years of age presented with skeletal and joint destruction 
related to late-stage (tertiary) treponematosis, further suggesting 
their initial infection occurred in utero or immediately afterward. 
Grin  (1952) cites anecdotal evidence of congenital forms of en-
demic syphilis in Bosnia without providing data on the incidence. 
However, late term miscarriage rates in mothers infected with 
endemic syphilis were nearly twice that of healthy mothers from 
the same region. The rates of stillbirth were also almost double in 
infected mothers. The contemporary assumption that congenital 
cases are limited to venereal syphilis may be associated with data 
bias driven by:

1.	 neglect in surveillance and public health of the endemic 
treponematoses;

2.	 the predominance of western-centric health issues in the 
general discussions around health both past and present;

3.	 the epidemiological relationship between unprotected sex, 
pregnancy, and sexually transmitted diseases favoring 
greater congenital transmissions in venereal forms; and:

4.	 the predominance of venereal syphilis being the tre-
ponematosis with the greatest global spread and incidence

Animal models have clinically demonstrated intrauterine trans-
mission of venereal syphilis from mother to fetus in rabbits (Cooper 
and Sánchez 2018). Recent health research (e.g., Marks et al. 2015) 
has argued that these findings of congenital endemic treponema-
toses are predominantly unsound, as they occurred prior to proper 
treponemal serodiagnosis. While there are certainly issues of 
misdiagnosis prior to serodiagnosis, the argument ignores the 
knowledge of many tropical doctors of this time in recognizing 
the specific signs and symptoms of endemic treponematoses, 
often living alongside communities for months while observing 
sociocultural dynamics, and the age and nature of infection of af-
fected individuals. The nature of modern global health systems, 
the short-term cycling of funding especially of neglected tropical 
diseases, and medical training do not permit the same extent of 
understanding of natural disease progression as pre-antibiotic era 
doctors; instead, the focus is on disease elimination and early in-
tervention, as medical progress now enables this.

The pursuit by paleopathologists to define the origins of syph-
ilis has exacerbated this assumption. The Columbian versus 
Pre-Columbian debate has four centuries of focus, with schol-
ars such as Nicolo Leoniceno (1428–1524) arguing syphilis 
was an ancient disease, whereas others such as Johannis de 
Vigo (1460–1520) argued the disease had appeared within his 
lifetime (Major  1965, 12–28). Paleopathologists have relied on 
congenital forms of treponematoses to argue for the origins of 
syphilis in the Americas (Columbian hypothesis) or to refute 
this argument (Pre-Columbian hypothesis), often disregarding 
the poor diagnostic certainty (Harper et  al.  2011; R. Oliveira, 
Strauss, et  al.  2022; Pàlfi et  al.  1992; Powell and Cook  2005a; 
Smith-Guzmán  2022). Even with the growing promise of an-
cient DNA, differential findings within the Americas and 
in Europe have not proved to bring us closer to a consensus 
(Barquera et  al.  2025; Majander et  al.  2020). The most recent 

paper by Barquera et  al.  (2025) argues for a most recent com-
mon ancestor for the three Treponema pallidum subspecies ap-
proximately 9000 years ago, thereby suggesting the origin of this 
species in the Americas. In the tropics, the lack of DNA has so 
far hindered any reconstruction of ancient treponemes, which 
could illuminate understanding of migratory and evolutionary 
aspects of Treponema pallidum—or even reveal extinct close 
relatives that may have instead caused identical skeletal lesions. 
However, we argue on ethical grounds that DNA “pathogen 
prospecting” by paleogeneticists should not become a trend 
in Southeast Asia and that samples selected for analysis need 
to be cautiously screened by those who know the assemblages 
best—tropical paleopathologists. Macroscopic and radiographic 
evidence of treponematosis then remains an extremely valuable 
tool for identification of the disease in tropical climates at this 
point in time.

There has also been a welcome paradigm shift in the minds 
of paleopathologists surrounding the origins and antiquity of 
treponematosis. Many researchers in the 21st century have 
already moved beyond this debate to instead focus on the 
role treponematosis can play in defining the biocultural and 
ecological contexts of the prehistoric past, allowing for more 
substantive discussions of all the treponematoses in human 
prehistory, including potential species and/or subspecies 
that have since gone extinct (Baker et  al.  2020; Powell and 
Cook  2005a). Ortner  (2005) drew particular attention to the 
potential for bioarcheological research on treponematosis to 
shed light on host–pathogen relationships and spatio-temporal 
dynamics between venereal and non-venereal forms. Powell 
and Cook  (2005b) entertained the model by Grin  (1956), 
which suggested that congenital transmission though rare 
in non-venereal cases may have occurred when the mother 
was infected at an older age than is typical for most cases, 
whereby initial infection occurs in childhood. The authors 
drew attention to research on immunological differences in 
host response to T. pallidum pallidum (venereal syphilis) and 
T. pallidum pertenue (yaws)—where neonates and adults had 
higher susceptibility to the former, and young children high 
susceptibility to the latter—as potential reasons for far greater 
reports of congenital syphilis than congenital non-venereal 
infections. These immunoassays from in vivo guinea pigs do 
little to shed light on the exact genome differences that may 
underly epidemiological differences, but the changes can be 
expected to be very small given the overall genomic similarity 
of each of the subspecies. Evolutionary changes over centu-
ries within biosocial “pressure cookers” such as the Neolithic 
transition could enable mutations in all the treponemes to-
ward congenital forms.

With more engagement with biomolecular and epidemiolog-
ical research, has come a broader understanding that these 
spirochete bacteria may have a greater plasticity than previ-
ously inferred, with a significant degree of overlap in signs, 
symptoms, and pathophysiology. For example, yaws (typically 
restricted to tropical climates) appears to be limited to mu-
cosal areas in the body in subtropical environments, resem-
bling the presentation of endemic syphilis, which thrives in 
dry conditions (Hill 1953; Ricono 1916). Strains of yaws have 
been genetically identified in archaeological skeletal remains 
in Europe, demonstrating the ability of these pathogens to 
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mutate and adapt to environments atypical for the broader 
disease complex (Majander et al. 2020). However, it is import-
ant to recognize that the ability of the different treponeme 
subspecies to behave similarly under the same environmental 
conditions and to genetically recombine does not mean they 
are the same disease. Thus, the re-emergence of the Unitarian 
hypothesis in paleopathology, the belief that all subspecies of 
human treponemal diseases stem from the same disease, is not 
genetically supported (Arora et  al.  2016; Harper et  al.  2008; 
Pla-Diaz et al. 2022). This re-emergence of the Unitarian hy-
pothesis, like the constraints of the Columbian versus Pre-
Columbian debate, does not serve any purpose in the broader 
discussion of the human experience with treponematosis and 
conflates issues of etiology with pathophysiology and patho-
genesis. In summary, the complexity of treponemes as an 
organism, their relationship to human groups, variable envi-
ronments, and coevolutionary factors at play require nuance, 
rather than oversimplistic research focused on a pursuit of 
the origins of syphilis, especially as major treponemes such 
as yaws and venereal syphilis are re-emerging disease threats 
today (Benoit et al. 2022; Dofitas, Batac, and Richardus 2022; 
Dofitas, Kalim, et  al.  2022; Foles et  al.  2024; Orbe-Orihuela 
et al. 2022; White and Phua 2024).

Building upon earlier paleopathological contributions, our 
study extends this broader framework into Southeast Asia 
by documenting congenital manifestations within a tropical 
context. Rather than contesting earlier interpretations, we 
aim to refine the clinical and developmental basis for iden-
tifying congenital treponematosis in archaeological assem-
blages. This paper presents evidence for dental stigmata and 
skeletal signs associated with congenital treponematosis in 
two sites from Neolithic Vietnam to describe the impacts of 
congenital treponematoses on children and their community 
during Mainland Southeast Asia's agricultural transition. To 
diagnose these dental lesions, we conduct a review of the liter-
ature on “syphilitic” dental stigmata and propose a threshold 
diagnostic protocol.

2   |   Materials and Methods

2.1   |   Archaeological Sites Assessed for This Study

A paleopathological study investigating infectious and nutri-
tional disease in 16 sites across Vietnam was conducted in June–
July 2024. A total of 309 individuals across north, south, and 
central Vietnam were examined for evidence of disease (Table 1; 
Figure  1). These individuals ranged from the Pre-Neolithic to 
Iron Age (10,000–1500 bp).

2.2   |   Evaluation of Dental Stigmata 
and Their Relationship to Diagnosis of Congenital 
Treponematosis

All skeletal and dental lesions were recorded macroscopically 
with a DinoLite (model AM7115M27). Radiographs were taken 
of bones that were potentially diagnostic. Congenital trepo-
nematoses cause specific skeletal changes that are present in 
both infancy (early onset) and post-infancy (late onset). Skeletal 

changes related to congenital treponematosis have been covered 
previously (see Harper et  al.  2011; Vlok et  al.  2020). To sum-
marize, congenital lesions do not follow a typical progression 
of disease from secondary to tertiary as in the case of acquired 
syphilis. Instead, lesions are consistent with both inflammatory 
response around regions of lymph nodes (bilateral nodes and 
expansions of the appendicular skeleton), as well as gross de-
struction throughout the skeleton (Wimberger corner sign of the 
tibia: lytic osteomyelitis), rhinomaxillary destruction (gangosa), 
saddle nose, and gummatous lesions, and shape changes includ-
ing true bowing and/or pseudobowing of the anterior tibiae, and 
high palatal arch. Here, we review the literature on dental stig-
mata and evaluate their relationship to diagnosis of congenital 
treponematosis to produce a diagnostic protocol.

Permanent dentition begins to form within the first few months 
of life (Scheuer and Black 2000). Typical tooth development is 
highly dependent on environmental, nutritional, and health fac-
tors of an individual, and disruptions impacting the formation 
of enamel during this time can cause permanent lesions and 
changes to tooth morphology. As teeth tend to preserve well in 
the archaeological record, the dental stigmata associated with 
congenital syphilis are regarded as the most reliable way to pa-
leopathologically differentially diagnose the condition (Harper 
et al. 2011).

Individuals with congenital syphilis may develop infections of 
their tooth buds during the morphodifferentiation stage of tooth 
development (Figure 2), which impacts the formation of tooth 
enamel, changing the shape and size of the permanent dentition 
(Lauc et al. 2015; Sarnat and Shaw 1943). These changes can be 
separated into three distinct groups, each resulting in different 
morphological features and variable levels of diagnostic cer-
tainty (Table 2). A differential diagnosis beyond the dentition is 
available in Text S1. An in-depth rationale for the determination 
of diagnostic strength for each category of dental stigmata and 
their relationship to pathogenesis and pathophysiology is pro-
vided in Text S2.

3   |   Results

Three non-adults were identified to have dental and/or skel-
etal lesions consistent with congenital treponematosis (2.4%, 
n = 3/123). Two individuals were identified at Man Bac (4000–
3500 bp), in northern Vietnam where prior research had demon-
strated over 10% of the assemblage had lesions consistent with 
treponematosis. The final individual was identified at An Son 
(3800–3200 bp), in southern Vietnam. Skeletal preservation for 
the two individuals from Man Bac was excellent with more than 
75% of the skeleton represented, whereas the individual from 
An Son was incomplete with only portions of the skull and frag-
ments of postcranial remains preserved.

3.1   |   MB05M5, Man Bac (4000–3500 bp)

MB05M5 was an 18-month-old at death with a complete skel-
eton, previously diagnosed with possible treponemal dis-
ease based on skeletal characteristics (see Vlok et  al.  2020; 
lesions summarized in Table  3). MB05M5 displayed a small 
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“gummatous like” lesion extending from right distal humerus 
that was identical in appearance to the lesions observed in the 
tertiary treponemal cases from Man Bac. The small size of the 
lesion as well as other smaller superficial lytic lesions on the 
left tibia and right clavicle were also identified, but macroscopic 
identification precluded definitive classification of these lesions 
as gumma. Thus, at the time, Vlok et al. (2020) did not consider 
MB05M5 a probable case of treponemal disease. Reassessment 
of these lesions in 2024 under DinoLite identified that they were 
gummatous lesions (Figure 3). Minh et al. (this issue) also iden-
tified that MB05M5 has a significantly thickened frontal bone 
compared with others at Man Bac who died at a similar age (>1 
SD) consistent with Parrot sign.

The reassessment of the individual identified dental stig-
mata that were strongly diagnostic for congenital treponemal 

disease. MB05M5 displayed Moon's molars of the permanent 
maxillary and mandibular M1s as well as maxillary and man-
dibular deciduous m1s and m2s. The permanent molars were 
unerupted and were stained dark brown, indicating defective 
amelogenesis and/or dentinogenesis. Extreme dental decay of 
the deciduous maxillary incisors was also present. The combi-
nation of nine different pathological features of bone and teeth 
in MB05M5 is highly consistent with congenital treponemato-
sis, and MB05M5 was determined to be a probable case.

3.2   |   MB05M25, Man Bac (4000–3500 bp)

MB05M25 is a non-adult approximately 5 years of age-at-death 
with a complete skeleton and well-preserved bone surfaces. 
This child was identified on preexisting photographs from 

TABLE 1    |    List of assemblages analyzed for this study.

Site Period Date (bp) Sample size References

Phia Vai (PV) Pre-Neolithic ~10,000–7500 1 adult Chung (2023); Cuong (2007)

Con Co Ngua (CCN) Pre-Neolithic 6700–6200 54 non-adults
84 adults

Oxenham et al. (2018)

Man Bac (MB) Neolithic 4000–3500 44 non-adults
26 adults

Oxenham et al. (2011); 
Vlok et al. (2020)

An Son (AS) Neolithic 3800–3200 11 non-adults
8 adults

Bellwood et al. (2011); Willis 
and Oxenham (2015)

Vuon Chuoi (VC) Metal Period 3050–2900 1 non-adult
4 adults

Seonbok et al. (2004)

Nui Nap (NN) Metal Period 3000–2500
2400–2000
1750–1550

1 non-adult
14 adults

Oxenham et al. (2002); 
Oxenham (2006)

Giong Ca Vo (GCV) Metal Period 2550–2050 2 non-adults
31 adults

Nguyen (2001)

Quy Chu (QC) Metal Period 2600–2400 3 adults Oxenham (2006); 
Oxenham (2016)

Chau Son (CS) Metal Period 2400–2250 1 adult Oxenham (2006); 
Oxenham (2016)

Doi Son (DS) Metal Period 2200–1700 1 non-adult
1 adult

Oxenham (2006); 
Oxenham (2016)

Minh Duc (MD) Metal Period 2200–1700 1 non-adult
2 adults

Oxenham (2006); 
Oxenham (2016)

Vinh Quang (VQ) Metal Period 2200–1700 1 adult Oxenham (2006); 
Oxenham (2016)

Duong Co (DC) Metal Period 2200–1700 1 non-adult Oxenham (2006); 
Oxenham (2016)

Duong Xa (DX) Metal Period 2200–1700 1 adult Oxenham (2006); 
Oxenham (2016)

Hoa Diem (HD) Metal Period 2050–1750 7 non-adults
8 adults

Willis and Oxenham (2015)

Bai Coi (BC) Metal Period ~2000–1800 1 adult Vietnam National Museum 
of History (2009)

Total 123 non-adults
186 adults

309 individuals
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the initial research in 2018 to have possible saddle nose de-
formity, which prompted a reanalysis of their skeleton. They 
were not identified by Vlok et  al.  (2020) to have treponemal 
disease. Their skeleton is complete with intact bone surfaces. 
Saddle nose deformity is exaggerated by expanded new bone 
on the nasal maxillae (goundou). There is extensive expansion 
of the entire maxillae inclusive of the alveolar bone. The ante-
rior nasal spine is intact, and there is no porosity in the nasal 
region, thus ruling out leprosy. There is cortical expansion of 
the proximal tibiae (reminiscent of a node as characterized by 
Hackett (1976)) and left fibula shaft (the right is missing). The 

fibula has a clear enlarged cortex on the radiographs, but this 
is not the case with the tibiae. A similar finding was identified 
in a ~7-year-old from Man Bac (MB07H2M29) with tertiary 
treponemal disease who also had scurvy, which would have 
caused thinning of the cortices (Vlok et al. 2020). MB05M25 
was also diagnosed with scurvy (Vlok et al. 2023). MB05M25 
also appears to have Wimberger corner sign—destruction and 
radiolucency of the medial proximal tibiae, but this lesion is 
very subtle, and apparent focal lysis of the left tibial metaphy-
sis (Figure 4D). Teeth presented with no stigmata. MB05M25's 
pathological features are consistent with possible congenital 
treponematosis (Table 4; Figure 4).

FIGURE 1    |    Site locations throughout Vietnam. Sites indicated in 
red are where cases of congenital treponematosis was identified in this 
research. Image adapted from https://​commo​ns.​wikim​edia.​org/​wiki/​
Categ​ory:​Topog​raphic_​maps_​of_​Vietn​am#/​media/​​File:​Vietn​am_​re-
lief_​locat​ion_​map.​jpg (CC BY-SA 3.0). [Colour figure can be viewed at 
wileyonlinelibrary.com]

FIGURE 2    |    The three most common dental stigmata of permanent 
teeth associated with congenital syphilis. (A) Moon's molars (photo not 
available), (B) Mulberry molars (Fournier's original illustrations for the 
molars described by him), and (C) Hutchinson's incisors. Fournier's 
canines are also observable in the right bottom image. Images in pub-
lic domain from wikicommons via CDC and Fournier (1907). (Image: 
MV). [Colour figure can be viewed at wileyonlinelibrary.com]
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3.3   |   AS07H1M2, An Son (3800–3200 bp)

AS07H1M2 is a young child approximately 2.5 years at death. 
They are represented only by portions of the cranium, mandible, 
maxillary fragments, maxillary and mandibular dentition, left 
clavicle and scapula, rib fragments, and fragments of femoral 
shaft. AS07H1M2 presented with Moon-like molars on the de-
ciduous maxillary second molars (Diagnostic) and mandibular 
first molars (Figure  5). The stigmata of the deciduous molars 
of AS07H1M2 are highly reminiscent (though less distinct) 
of the Moon's molars observed in MB05M5's deciduous teeth. 
AS07H1M2's dental pathological features are consistent with 
possible congenital treponematosis. However, dissimilar to 
Man Bac, no other individual at the site (n = 19) presented with 
evidence of treponematosis.

4   |   Discussion

From an analysis of sites across Vietnam from the Pre-Neolithic 
to the Metal Periods, we identified cases consistent with trepo-
nematosis in only two sites, both dating to the Neolithic period. 
With the addition of this research, 11.4% (n = 8/70) of Man Bac 
individuals presented with evidence of treponematosis. On the 
other hand, the case of dental stigmata from An Son instead 
remains tentative, as no other evidence for treponematosis was 
found at the site, nor was the individual's remains sufficiently 
well preserved to assess skeletal evidence of the disease to cor-
roborate the dental stigmata.

Man Bac in northern Vietnam is one of the most exten-
sively studied archaeological human skeletal assemblages in 
Southeast Asia. Bioarcheological research at the site has iden-
tified a highly dynamic population that was genetically and 
ethnically diverse (Matsumura and Oxenham  2014; McColl 
et al. 2018) with a complex social structure and highly devel-
oped cosmology (Oxenham et al. 2021). Like other Neolithic 
communities in the region, and globally, the community 

experienced elevated levels of fertility and natural population 
growth (Domett and Oxenham  2011; McFadden et  al.  2018) 
in the context of significant disease loads (Adams et al. 2021; 
Minh et  al.  this issue; Oxenham et  al.  2008; Oxenham 
et al. 2009; Vlok et al. 2021; Vlok et al. 2023; Vlok, Oxenham, 
Domett, et al. 2024; Vlok, Oxenham, McFadden, et al. 2024; 
Vlok et al. 2020). That said, it should be noted that the funer-
ary treatment of Man Bac children references the considerable 
esteem in which their parents and/or community held them 
(Oxenham et  al.  2008: 205). MB05M5, for example, was the 
only infant at Man Bac to be buried with ceramic pots. While 
such treatment in death likely also reflected care in life, it is 
difficult to reconstruct the type of treatment and/or care sick 
children received, although one particular case may throw 
light onto this issue. Man Bac Burial 9 was a core case study 
in the initial development of the Bioarchaeology of Care sub-
discipline (Oxenham et al. 2009; Tilley and Oxenham 2011). 
This particular individual received constant, sophisticated, 
and intense care from a very early age until their eventual 
death in adulthood. It can only be assumed that most, if not 
all, children at Man Bac were the recipients of considerable 
care and attention while both healthy and ill. In contrast, 
other sites in Vietnam have received significantly less atten-
tion, which dramatically influences the understanding of 
disease antiquity of coastal Southeast Asia. This research has 
attempted to address the dearth in such research.

Prior work has suggested that the lack of research in 
Southeast Asia comparative with Europe and the Americas 
may be responsible for the scant evidence of treponematosis 
in the archaeological record of Southeast Asia (Buckley and 
Oxenham 2016; Buckley et al. 2019; Vlok et al. 2020). However, 
the extensive research that has been conducted in Thailand 
and now in Vietnam is beginning to present a picture of dis-
ease presence, perhaps exclusive to the eastern margins of 
the mainland. Where anthroponotic infectious diseases like 
tuberculosis and leprosy have been identified in ancient sites 
from Thailand, this has not been the case for treponematosis 

TABLE 3    |    Skeletal and dental characteristics of MB05M5.

Lesion Skeletal/dental elements Diagnostic strengtha

Focal superficial cavitation within expanded node of 
new bone

Proximal and distal tibiae SD

Moons molars Permanent maxillary and mandibular M1 SD

Deciduous Moon's molars Deciduous maxillary and 
mandibular m1 and m2

D

Focal superficial cavitation not within expanded node 
of new bone

Distal right humerus, superior 
acromial end of the right clavicle

D

Nodes and expansions of new bone Fibulae, tibiae, femora (bilateral) S

Long bone pseudo-bowing/saber Fibulae (bilateral) S

Severe dental carious lesions Anterior teeth S

Dark staining (hypoplasia) of the unerupted 
permanent molars

M1s S

Parrot sign (frontal bossing due to new bone) Frontal bone S
aD, diagnostic; S, suggestive; and SD, strongly diagnostic, following Vlok et al.'s (2020) diagnostic protocol and Vlok et al.'s (2023) clarification of diagnostic definitions.
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FIGURE 3    |    Dental and skeletal lesions of MB05M5 consistent with congenital treponematosis. (A and B) Radiographs and image of the left tibia 
with node of new bone on the proximal shaft (around the region of the foramen). (C) Gummatous lesion on the right humerus (35×), (D) gummatous 
lesion on the right tibia (35×), and (E) gummatous lesion on the right clavicle (35×). (F) Maxilla with clear Moon's molars of deciduous m1s and m2s. 
(G) Right maxillary central and lateral incisor showing severe dental decay (25×). (H) Left maxillary deciduous m2 with budding (25×). (I) Left max-
illary permanent M1 with budding and dark staining. (J) Right mandibular deciduous m1 and m2 with budding (25×). [Colour figure can be viewed 
at wileyonlinelibrary.com]
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(Buckley et  al.  2020; Tayles and Buckley  2004). Instead, the 
cases presented here appear to represent the most western 
distribution of treponematosis of the tropical Asia-Pacific re-
gion in antiquity. Another case from the Asia-Pacific dating 
to the Neolithic is reported by Yuwono et al. (this issue) from 
Alor Island, Indonesia (~3000 bp). Following this, cases from 
the Asia-Pacific are restricted to the last 1200 years (Buckley 
and Tayles  2003; Stewart and Spoehr  1952; Stodder and 
Trembly 1992; Trembly 1996; Zhou et al. 2022). Further work is 
still required to assess the presence of treponematosis through-
out Laos, Cambodia, Myanmar, Malaysia, Indonesia, and the 
Philippines to comprehend the full extent of treponematosis in 
Southeast Asia's antiquity. For many of these countries, paleo-
pathology is still in its infancy, but regional interest in the field 
is developing exponentially.

We make no assertions here that possible evidence of congen-
ital treponematosis in Neolithic Vietnam indicates venereal 
syphilis (or sexual transmission) is present. The overall epide-
miological signature at Man Bac overwhelmingly affects young 

children and adolescents, which is highly consistent with non-
venereal transmission (Vlok et al. 2020). As AS07H1M2 is the 
only individual from An Son to present with possible trepo-
nematosis, epidemiology cannot be assessed. Both sites repre-
sent the results of the migration of early farmers from modern 

FIGURE 4    |    Skeletal lesions of MB05M25 consistent with congenital treponematosis. (A) Saddle nose in lateral view. (B) Saddle nose. Note the 
new bone expansion around the nasal region (goundou). (C) The expansion extends onto the body of the maxillae and alveolar bone. (D) Possible 
Wimberger corner sign. Note the radiolucency of the trabeculae and external cortices (localized osteolysis) of the medial proximal tibiae (white 
arrows). A focal lesion with a thin sclerotic margin also appears toward the lateral metaphyses consistent with descriptions and radiographs by 
Hackett (1951) of “focal rarefactions” (black arrow). Similar lesions were identified in a probable case of ~7-year-old child with treponematosis at Man 
Bac reported in Vlok et al. (2020). (E) Node-like expansion of the proximal tibia and fibula (white arrows). The expansion involves the cortices of the 
fibula but not the tibia (left shown). [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 4    |    Skeletal and dental characteristics of MB05M25.

Lesion
Skeletal/dental 

elements
Diagnostic 

strength

Saddle nose deformity Maxillae S

Thick periosteal 
new bone deposition 
and exostoses on the 
maxillae (goundou)

Maxillae S

Wimberger corner sign? Tibiae D?

Nodes and expansions of 
new bone

Fibulae, tibiae 
(bilateral)

S
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southern China into mainland Southeast Asia and subsequent 
interaction with local foragers who descend from the first 
wave of modern humans out of Africa, those that colonized 
the region at least 50,000 years ago (Bellwood et al. 2011). It is 
possible that this migration introduced treponemal disease to 
coastal Vietnam. With a better understanding that there were 
multiple waves of movement and migration across mainland 
Southeast Asia, island Southeast Asia, and Oceania, it is also 
possible that interaction between these two regions may have 
led to initial transmission from the islands (Carlhoff et al. 2021; 
Lipson et al. 2018; Matsumura et al. 2017; McColl et al. 2018; S. 
Oliveira, Nägele, et al. 2022). The wide distribution of artifacts 
such as baked clay ear ornaments, greenstone, and nephrite ar-
tifacts found in coastal Vietnam, southern China, and island 
Southeast Asia indicates connection between these areas at 
least 4000 years ago (Hung  2017). Why the disease does not 
persist in the subsequent Metal Periods requires future inves-
tigation but may be related to the rise of urbanization, reduced 
population growth, and a shift in social dynamics of commu-
nities influencing how households related to each other, which 
enabled spread of the disease amongst children during the 
Neolithic.

4.1   |   Limitations of the Study

We recognize that deciduous stigmata are poorly described in 
the foundational clinical literature, and we are limited by the 
lack of photographs accompanying descriptions of authors of the 
late 19th to early 20th century upon which most dental stigmata 
research relies. We emphasize that our research here is for the 
sole purpose of exploring a new avenue for diagnosis especially 
in regions outside the western hemisphere that have received 
less clinical attention and may be expected to show differences 
in skeletal phenotypes compared with the classical literature. 
We welcome future research that will no doubt refine or even 
refute the findings we have observed.

There are still many regions of Vietnam that remain to be explored 
in future research through both traditional macroscopic and bio-
molecular means to better characterize treponematosis in deep 
history. Archaeological research in central Vietnam is compara-
tively less intense than in the northern region, which impacts the 
distribution of available assemblages to study (see Figure  1). As 
such, the spaciotemporal distribution of treponematosis in deep 
antiquity will continue to develop in the future.

FIGURE 5    |    Dental stigmata (Moon's molars) of AS07H1M2 consistent with congenital treponematosis. (A) left deciduous mandibular m1 (25×), 
(B) left deciduous maxillary m2 (25×), (C) right deciduous mandibular m1, and (D) right deciduous maxillary m2. [Colour figure can be viewed at 
wileyonlinelibrary.com]
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5   |   Conclusions

An extensive analysis of sites across Vietnam dating from 10,000 
to 1000 bp with a new diagnostic protocol for dental stigmata 
has revealed three individuals with pathology consistent with 
congenital treponematosis. The two sites are coastal Neolithic 
sites (4000–3200 bp) in northern and southern Vietnam. No 
other cases, congenital or acquired, were identified, which, 
along with extensive research in Thailand in the last two de-
cades, suggests that treponematosis may not have been endemic 
throughout mainland Southeast Asia in deep antiquity, which 
contrasts that of Oceania. Further work is needed in Southeast 
Asian countries where bioarcheological research is still minimal 
to support this hypothesis.
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Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Text S1: Differential diagnosis of den-
tal and skeletal characteristics. Figure S1: Macroscopic appearance of 
cortical expansions from rickets at Man Bac (MB07H1M5). While the 
diaphysis is thick (confirmed via radiographs), the bone is clearly poorly 
mineralized in appearance, and metaphyseal changes are associated 
supporting a rickets diagnosis. The cortical expansions are not local-
ized into nodes as is the case for MB05M5 and MB05M25. This indi-
vidual displayed a suite of diagnostic characteristics of the cranium and 
long bones consistent with a diagnosis of probable rickets (Vlok et al. 
2024). Text S2: Determining the diagnostic strength of dental stigmata 
in treponematosis. 

 10991212, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/oa.70096 by K

ate D
om

ett - Jam
es C

ook U
niversity , W

iley O
nline L

ibrary on [20/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ajpa.10378
https://doi.org/10.1016/j.ijpp.2011.02.003
https://doi.org/10.1002/ajpa.24698
https://doi.org/10.1002/ajpa.24698

	Dental Stigmata and Skeletal Lesions of Congenital Treponematosis in Early Agricultural Vietnam (4000–3500 bp)
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Archaeological Sites Assessed for This Study
	2.2   |   Evaluation of Dental Stigmata and Their Relationship to Diagnosis of Congenital Treponematosis

	3   |   Results
	3.1   |   MB05M5, Man Bac (4000–3500 bp)
	3.2   |   MB05M25, Man Bac (4000–3500 bp)
	3.3   |   AS07H1M2, An Son (3800–3200 bp)

	4   |   Discussion
	4.1   |   Limitations of the Study

	5   |   Conclusions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


