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An Early Holocene case of congenital syphilis in South America

Rodrigo Oliveira?© | André Strauss® |

Anténio Matioli#

1Departamento de Genética e Biologia
Evolutiva, Universidade de Sao Paulo, Sao
Paulo, SP, Brazil

Abstract

2?Disciplina de Periodontia, Departamento de
Semiologia, Universidade de Sao Paulo, Sdo
Paulo, SP, Brazil

3Museu de Arqueologia e Etnologia,
Universidade de Sao Paulo, Sdo Paulo, SP,

Rui Murrieta® |

Claudio Castro® |

Over millennia, treponematoses have been present in the American continent. The
search for the oldest case and the description of the pathological characteristics are
fundamental to understanding the evolutionary history of treponemal diseases, as

well as the evolution of the humans who contracted them. A child with a minimum

Brazil age of 9400 years before present exhumed at “Lapa do Santo” cave, Brazil, presents
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1 | INTRODUCTION

The resurgence of syphilis in recent decades, even after its almost dis-
appearance in the 20th century, is directly associated with the behav-
ior of modern humans but highlighted the resistance and the
adaptability of this treponematosis (Centers for Disease Control and
Prevention [CDCP], 2009). Genetic data of Treponema pallidum
sp. extracted from archaeological material reinforces the global distri-
bution and the antiquity of syphilis, but it is unable to specify the ori-
gin (Majander et al, 2020). Skeletons are used to calculate the
emergence of a common ancestor of human treponematoses and so
the search for the oldest pathological human remains is fundamental
for the understanding of the emergence and the evolution of this dis-
ease (de Melo et al., 2010).

There are three treponematoses with bone lesions (yaws, bejel,
and syphilis), but only syphilis (T. pallidum subsp. pallidum) is present
throughout the planet and differs from other treponematoses by con-
tagion, and it is classified as either acquired syphilis or congenital
syphilis (CS) (Perine et al., 1984). CS has the highest mortality rate
among treponematoses causing abortions, stillbirths, or victimizing

characteristic lesions of congenital syphilis. This well-preserved skeleton with dental
and bone pathological evidence is the oldest syphilitic case of America and reinforces

the presence of syphilis, at least 10,000 years ago, in the continent.

congenital syphilis, Lagoa Santa, Lapa do Santo, paleopathology, treponematoses

the infected in the first years of life. The appearance of bone and den-
tal lesions in early CS occurs at up to 2 years of age while in late CS, it
occurs after 2 years of age (Perine et al., 1984). The bone signs of CS
are frontal bossing, saber-tibia, saddle nose, metaphysis resorptions in
long bones, and polyostotic periosteal reaction, among others
(Katz, 2012). The most common dental lesions of CS are notched inci-
sors (Hutchinson's teeth), molars with multiple cusps (Mulberry's
molars), severe tooth dysplasia, conoid teeth, and microdontia
(Freiman et al., 2009).

Treponematoses have always been present in the American
continent, and 107 archaeological cases of treponematoses have
been described in North America between 7900 and 3500 years
before present (BP) (Cook & Powell, 2005). Guatemala and
Dominican Republic present the few precontact archaeological cases
(prior to 1492 CE) in Central America (Cook & Powell, 2005). In
South America, nonspecific cases of treponematoses over
8000 years-old were found in Chile and Peru, whereas the oldest
syphilitic case on the continent was exhumed in “Aguazuque,”
Colombia (5030 + 40 yBP) (de Melo et al., 2010). On the east coast,

the oldest case of treponematosis was found in “Piacaguera” (6342
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+ 34 yBP) while the most recent case was in “Praia da Tapera”
(425 +70 yBP), evidencing the presence of treponematoses in
Brazilian shell middens (sambaquis) for, at least, 5500 years (Filippini
et al, 2019). Treponematoses in adults are relatively well repre-
sented in the archaeological record, but CS is quite rare before con-
tact in the Americas, with only two cases described at this moment
(Cook & Powell, 2005; Filippini et al., 2019).

The presence of the treponematoses (yaws, bejel, and syphilis)
in America thousands of years before contact is evident and the
absence of bejel in South and Central America reinforces the
theory of treponematoses dispersion according to the latitude and
climate (Filippini et al., 2019). The discrepancy between the num-
ber of cases of yaws and syphilis in the American archaeological
record could be explained by its pathological characteristics,
because bone lesions occur in 33% of yaws infected whereas 1%
to 5% of syphilitics have their bones affected (Hackett, 1976;
Ortner, 2003). The rarity of cases of CS in the archaeological liter-
ature could be explained by the fragility of infant skeletons, the
high infant mortality rate, and the peculiar characteristics of syphi-
lis, not to mention the asymptomatic cases (syphilis congenita tarda)
(Ortner, 2003; Roberts & Manchester, 2005). A syphilitic mother
loses her child in 39% of pregnancies, and when the children man-
age to survive, up to 77% of them are born uncontaminated
(Arnold & Ford-Jones, 2000). In 1933, only 4.2% of the autopsies
at Johns Hopkins Hospital were diagnosed with CS; however, only
0.04% were syphilitic children over 4 years of age (Ortner, 2003).
Such reasons are sufficient to explain why the oldest record of
syphilis in adults in America dated to 5300 BP while the oldest
case of CS is almost four millennia later (de Melo et al., 2010).
Due to the impossibility of discussing the congenital forms of
yaws or bejel in B20, we assumed T. pallidum pallidum as being
the only pathogen responsible for transplacental transmission
(Stodder, 2005; Wicher et al., 2000).

2 | MATERIALS AND METHODS

21 | The syphilitic child of Lapa do Santo site

A 4-year-old subadult named Burial XX (B20) who lived during the
Early Holocene was exhumed in Lapa do Santo site, Minas Gerais,
Brazil (Figure 1).

B20's skeleton was almost complete, and it was well preserved as
many others skeletons of that site. B20 was buried in lateral position,
without ritual manipulations as cuts, pigments, or fire modifications
(Figure 2).

The observation of macroscopic marks and the imaging exams (X-
rays and CT scan) were used in this study to analyze the health condi-
tion of this child (see Supporting Information S1 for more details of
“Materials and Methods”).

B20 presents some bone lesions and several dental modifications
that characterize CS. The bone alterations are present in its left femur,

left ulna, and most of them are in his skull.

500 1000 2000

FIGURE 1 Location of the archaeological site of Lapa do Santo,
Matozinhos, MG, Brazil [Colour figure can be viewed at
wileyonlinelibrary.com]

3 | RESULTS AND DISCUSSION

“Lapa do Santo” is one of the most important sites of the Early Holo-
cene in America with well-preserved human remains, accurate excava-
tion process, and detailed dating program of the site's occupation,
characteristics that ensure a minimum age of 9.49 KyBP for B20
(Strauss et al., 2016) (see Supporting Information S4 for more details).
None of the 195 archaeological skeletons of the Lagoa Santa region
show signs of nutritional deficiencies or hormonal changes; however,
B20 presents an important delay in its growth without features such
as arched lower limbs that characterizes rickets (Da-Gloria &
Oliveira, 2017; Petje et al., 2008). Lesions in the roof of the orbital
cavity (cribra orbitalia) are not necessarily related to treponematosis
but reinforce a case of nutritional deprivation or infection
(Erdal, 2006) (see Supporting Information Sé for complementary
images). Treponematoses can affect the pituitary gland and cause nan-
ism or growth retardation as we observed in B20, who died at the age
of four but with a stature of a 1.5- to 2.0-year-old child (Gardiner-
Hill, 1937; Sharma et al., 2005; Strauss et al., 2016).

Leishmaniasis and leprosy (Mycobacterium leprae) are pathologies
capable of producing bone lesions analogous to those observed in
syphilis in adults; however, both do not affect the teeth as we
observed in this child (Costa et al., 2009; Gaul et al., 2015;
Sivapathasundharam & Gururaj, 2012). The macroscopic modifications
in the left femur and left ulna of B20 have nonspecific characteristics
and could be taphonomy or pathology. Radiographic images of the left
femur and left ulna of the child present great similarity in location and
its characteristics with syphilitic osteoclastic lesions observed in clini-
cal cases (Figure 3) (Erdal, 2006; Gaskell, 1951).

The suture among parietals is early fused (Sagittal Synostosis). The
Sagittal Synostosis of B20 may have been caused by genetic alter-

ations, birth trauma, metabolic diseases, or intrauterine infections like
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FIGURE 2 Burial XX of “Lapa do Santo”: photo of B20 exhumation and drawing of a skeleton showing the missing bones (black) and bones
with alterations (red). Subadult skeleton form adapted from Roksandic (2003): http://intarch.ac.uk/journal/issue13/roksandic_index.html
(see Supporting Information S1, S2, S3, and S4 for more details) [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 3

Long bones of B20 (left). Photo (a) and X-rays (b) of the metaphyses and diaphyses of the femurs. White arrows indicate

pathological change to the left femoral shaft (see Supporting Information S5 for further images). [Colour figure can be viewed at

wileyonlinelibrary.com]

CS, which we believe is what happened in B20 case (Hahn &
Jane, 1978; Johnson & Wilkie, 2011) (see Supporting Information S6
for more details).

Changes in the external surface of the frontal, parietals, and tem-
porals are compatible with syphilitic lesions (caries sicca) in the early
stages of its development (Hackett, 1976) (Figure 4). We can consider

them as Porotic Hyperostosis, but they would also be compatible with
a nonspecific infectious process, and syphilis is a hypothesis. These
modifications happened in areas commonly affected by syphilis and,
although we are conservative and consider them as taphonomic alter-
ations, the chemical and morphological modifications present in

infected bones help explain these postmortem “lesions” (Fernandez-
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FIGURE 4 Cranial lesions of B20. The destruction of the nasal bones and the lesion on the frontonasal suture (a). Destructive changes to the
external (b) and internal (c) cortex of left parental bone compatible with treponemal bone resorption (red arrows). See Supporting Information Sé

for more details. [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Upper deciduous teeth
presenting many dental caries and
morphological alterations like microdontia
(conoid teeth) and hypoplasia. The right
permanent incisor (11) shows a
denticulated incisal edge. (see Supporting
Information S7 for supplementary images
and information). [Colour figure can be
viewed at wileyonlinelibrary.com]

Lopez, 2006; Ortner, 2003; Roberts & Manchester, 2005) (see Sup-
porting Information about taphonomy on Supporting Information S4).

In the endocranial view, we observed in both temporals some
lesions suggestive of osteomyelitic fistula. These injuries “fistula-like”
in B20 suggested a typical chronic osteomyelitis, lesions found in tem-
poral bones in CS (Hughes & Rutherford, 1986).

On the forehead, the frontonasal suture of B20 shows anatomical
alterations analogous to that of syphilis lesions, and the left orbit roof
presents a typical aspect of cribra orbitalia (Hackett, 1976) (see Sup-
porting Information Sé for supplementary information).

The lesion observed in the frontonasal suture and the absence of
B20's nasal bones are compatible with the saddle nose (Horodniceanu
et al., 1978) (Figure 4). The lesions of CS in the nasal region, the

orbital cavity, and long bones described in the literature are analogous

to lesions of B20 (Hackett, 1976; Horodniceanu et al., 1978;
Ortner, 2003).

All deciduous teeth present generalized enamel hypoplasia
(except 72 and 82), and 16 of the 18 deciduous teeth are decayed
(see Supporting Information S1 and S7 for supplementary information
and images) (Oliveira, 2014; Oliveira & Neves, 2015). The teeth
lesions strongly suggest syphilis on B20. Most teeth present caries
(88.89%), and this prevalence is 16 times higher than “Lapa do Santo”
skeletons (5.5%) and 24 times higher than hunter-gatherers (3.58%)
(Da-Gloria & Oliveira, 2017). The high prevalence of caries caused by
generalized enamel hypoplasia observed in B20 is compatible with CS
(Ortner, 2003). Dental lesions of B20 are identical to a 6-year-old
child from Virginia with CS (Virgina—NMNH 379177) (Figure 5)
(Ortner, 2003).
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Morphological alterations are present in many teeth of deciduous
and permanent dentition. Conoid canines observed in B20 show the
aggressiveness of the infection during his intrauterine life (Freiman
et al., 2009). The permanent right central incisor shows a slight but
clear modification on its incisal edge (notch), differing from the lobes
that are common in incisors (Figure 5) (Gaul et al., 2015; loannoua
et al., 2018). All first permanent molars of B20 show small and multi-
ple cusps and some punctual enamel alterations. These teeth are not
traditional Mulberry molars (syphilitic lesion), but they seem to be a
mild form of them (Erdal, 2006; Freiman et al, 2009; Gaul
etal, 2015).

Fluorosis, amelogenesis imperfecta, and rickets are diseases
that could present similar alterations on the enamel surface
(hypoplasia), but these diseases do not produce morphological
modifications like conoide canines or multiple cusps molars like
B20 (Baker et al., 2020; loannou et al., 2016). Mercury was
largely used to treat many diseases including syphilis after 19th
century. The mercury intoxication causes enamel and dentine
damages, and it changes aggressively the morphology and the color
of teeth, something that we did not observe in B20 (loannou
et al., 2016).

Unlike the Virginia-USA site (925 CE), “Lapa do Santo” does
not present any case of syphilis among the adults (Da-Gloria &
Oliveira, 2017; Ortner, 2003). However, there are two reports
of treponematosis in the “lLagoa Santa” region. A woman
(SR1-SepVllia) exhumed in “Santana do Riacho”, a contemporary
site about 60 km from “Lapa do Santo,” confirmed the presence of
treponematoses in the region during the Early Holocene (Da-
Gloria & Oliveira, 2017).

The limitations of our study are based on (i) the lack of cases of
CS described in the archaeological literature, despite the enormous
number of cases described in the medical literature; (ii) the absence of
collagen made impossible to define its radiocarbon dates. The mini-
mum age proposed by us is based on the archaeological context in
which B20 is inserted.

4 | CONCLUSION

The CS of B20 from “Lapa do Santo” ratified the presence of syphilis
in America millennia before 1492 CE, being the oldest case of CS
described until now. This case reinforces the importance of new ana-
lyses in archaeological skeletons even when biochemical analyses
failed, looking for the treponematosis carriers that circulated on the
American continent between the Late Pleistocene and the Early

Holocene.
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