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Infectious disease among enslaved African Americans at Eaton�s
Estate, Warren County, North Carolina, ca. 1830-1850

Patricia M Lambert

Anthropology Program, 0730 Old Main Hill, Utah State University, Logan, UT 84322-0730, US

The skeletal remains of 17 people buried in the Eaton Ferry Cemetery in northern North Carolina provide a
means of examining health and infectious disease experience in the XIX century South. The cemetery appears to
contain the remains of African Americans enslaved on the Eaton family estate from approximately 1830-1850, and
thus offers a window into the biological impacts of North American slavery in the years preceding the Civil War. The
sample includes the remains of six infants, one child, and one young and nine mature adults (five men, four women,
and one unknown). Skeletal indices used to characterize health and disease in the Eaton Ferry sample include
dental caries, antemortem tooth loss, enamel hypoplasia, porotic hyperostosis, periosteal lesions, lytic lesions, and
stature. These indicators reveal a cumulative picture of compromised health, including high rates of dental disease,
childhood growth disruption, and infectious disease. Specific diseases identified in the sample include tuberculosis
and congenital syphilis. Findings support previous research on the health impacts of slavery, which has shown that
infants and children were the most negatively impacted segment of the enslaved African American population.
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Human remains from the Eaton Ferry Cemetery on the
Roanoke River in northern North Carolina provide a rare
opportunity to directly examine the health and disease
experience of African Americans in the antebellum South.
The life stresses faced by African slaves in the Americas
have been much debated by historians and economists,
who appeal to a wide range of historic records to recon-
struct aspects of the slave existence (e.g. Savitt 1978, 1989,
Kelley & Angel 1987, Steckel 2000). Census, plantation,
and probate records, diaries, medical records, and other
historic documents offer important insights into the na-
ture of housing, family structure, types and quantities of
foods, labor, punishment, disease susceptibility and ex-
posure, and other aspects of life that in combination help
to reconstruct the health environment for enslaved Afri-
can Americans. However, these sources usually derive
from slave owners and other members of the dominant
society, and therefore tend to reflect the interests and
concerns of record keepers rather than those of the en-
slaved (Savitt 1978, 1989). Birth and death records pro-
vide a less biased means of assessing morbidity and mor-
tality, and have contributed substantially to our under-
standing of the health impacts of slavery in North America
(e.g. Steckel 1985, 2000, Hutchinson 1987).  The study of
human skeletons can complement this historical record
by providing a more direct accounting of the biological
impacts of slavery on individuals and groups. In this pa-
per, human skeletal remains provide a means to test a hy-
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pothesis about health and disease experience generated
from historical research.

Background information on the cemetery - When
the Eaton Ferry cemetery was discovered in 1961, noth-
ing was apparently known of its provenance; the cem-
etery was unmarked and none of the graves had stones or
other markers. The cemetery was excavated in 1962 by
the University of North Carolina at Chapel Hill as part
of an archaeological survey for the proposed Gaston
Reservoir Project (Phelps 1961, Davis et al. 1996). The
primary focus of this extensive archaeological project
was Native American sites that would be impacted by
flooding associated with the creation of the reservoir.
The excavation at Wr-4, the formal designation of the
archaeological site containing the historic cemetery
(Wr-4B), was initiated to remove cultural deposits from
the prehistoric Native American site into which the his-
toric burials intruded. It appears from maps of the exca-
vation that the site was not completely excavated and the
true extent of the historic cemetery remains unknown.
Apparently, archaeologists considered the cemetery to
be an African American burial site, although the reason
for this original attribution remains unclear. One of the
first tasks in this analysis was to determine the age of
the cemetery and the ancestry of the people buried there.

The age of the cemetery was recently determined
through the use of time sensitive artifacts. The collec-
tions contain associated grave goods from 16 of 17 buri-
als excavated from the cemetery, most commonly simple
coffin hardware such as nails and screws, but also up-
holstery tacks (and some fabric), bits of metal, and in
one case simple coffin handles (Table I). The only other
grave goods are straight pins (eight individuals), buttons
(six individuals), and a single, glass bead. Together, these
grave goods led excavators in the 1960s to attribute the
cemetery to the mid-late XIX century. Recent analysis
of these materials has permitted a more accurate esti-
mation of the use period of the cemetery. In particular,
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several of the personal items have temporal significance
associated with their first appearance and common us-
age: two types of straight pins and a set of Prosser but-
tons (Table I). Straight pins first came into use in the
late XVIII century; these early pins were manufactured
from two parts � a wire shaft and a round head. They
were replaced in the 1830s by one-piece, headed pins
that became widely available after 1835 (McNulty 2006).
Although a few of the burials have the early form of
straight pin, most also had the later, single piece ver-
sion, suggesting that the cemetery largely dates after
1835, a date confirmed by the association of Prosser
buttons with one infant burial. Prosser buttons were first
manufactured in England by Richard Prosser in 1840 and
a year later in America by his brother Thomas (Sprague
2002).  However, no safety pins were recovered from
any burials; safety pins were patented in 1849 (Kane
1997) and presumably became fairly readily available
within the next decade. Together, these artifact dates place
the use of the cemetery around 1830-1850 ± 10 years,
in the years just preceding the Civil War.

Grave goods also convey information about the so-

cial standing of the people buried in the cemetery that
contributes to their emerging identity. All of the indi-
viduals appear to have been buried in wooden coffins, as
indicated by coffin hardware (esp. nails and screws) and
remnant pieces of wood (Table I). However, handles and
other coffin adornments are rare, suggesting that the
families of most individuals buried there lacked the
means to purchase expensive coffins. In addition, no
wedding bands, hair ornaments, or other personal items
that might be expected to accompany the dead were re-
covered with any of the bodies, aside from standard but-
tons, suggesting that such items were also outside the
reach of the people buried there. Indeed, Eaton Ferry
Cemetery grave accompaniments place them at the low
end of the social spectrum in comparison to many indi-
viduals buried in the Cedar Grove African American cem-
etery of southwestern Arkansas, which appears to date
from 1834 to the early part of the XX century (Rose
1985). In sum, the people buried in the Eaton Ferry cem-
etery do not appear to have had any disposable wealth,
suggesting a low economic and social standing.

TABLE I
Description of human remains and associated burial goods from the Eaton Ferry Cemetery (Wr-4b)

Burial Age (yrs) Sex Ethnicity a/b Stature c Associated materials/Artifacts

  1 39 ± 9 F4 Black a1 � None, green stains on cranium (disturbed burial)

  2  45 ± 13 F4 Black a1 � 58 coffin nails, 3 iron screws

  3 40 ± 5 M 5 White b 5'4" ± 2.8" 48 coffin nails

  4 > 30 ? ? � 12 iron nails

  5 35 ± 5 F5 (Black?) b1 � 57 coffin nails, 1 straight pin, 9 wooden button
fragments, 6 metal buttons. Green stain on sternum

  6 1 ± 0.33 ? ? � 23 coffin nails, 3 straight pins

  7 0.08 ? ? � 25 coffin nails, 5 straight pin fragments

  8 44 ± 12 F d Black a4 � 39 coffin nails, 13 nails, 2 screws, 25 upholstery tacks, 1
jar of wood coffin fragments, 3 straight pin fragments, 1
glass bead, 1 cloth fragment. Green stains on cranial vault

  9 35 ± 5 Me White a1 5'11"±2.7" 32 coffin nails, 1 iron nail, 2 screws, 2 straight pin
B1ack a2 fragments, 3 wooden buttons

10 0.1 ? ? � 25 coffin nails, 4 straight pin fragments. Greenish stains on
some vertebrae and ribs

11 0.08 ? ? � 24 coffin nails, 7 iron nails, 3 straight pins

12 7 ± 2 ? (Black) b1 � 12 coffin nails, 24 nails, 2 spikes, 3 button fragments

13 >21 M?f ? � 4 nails, 22 encrusted nails, 2 metal sheet fragments, 16
wood fragments  with tacks and fabric

14 20 ± 3 Me Black a1/2 5'5"±2.8" 25 coffin nails, 1 button

15 0.08 ? ? � 20 coffin nails and fragments, 1 nail, 1 metal strap, 8 wood
coffin fragments, 14 straight pins

16 1 ± 0.33 ? ? � 23 coffin nails, 2 wood coffin fragments, 4 historic buttons

17 45 ± 10 M d White? a1 ? 70 coffin nails, 3 coffin handles & 3 fragments, 1 bag coffin
fragments, 2 historic buttons

a: FORDISC 2.0 1) cranial, 2) postcranial; b: based on 1) post-coronal depression of vault and 2) guttering of lower nasal border (Byers
2002:158-160); c: FORDISC 2.0 multi-bone stature equations for adults.  Sexing criteria based on: d: cranial traits; e: cranial and pelvic
traits; f: long bone metrics (Buikstra & Ubelaker 1994).
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Archival records on file at the Warren County
Records Office in Warrenton, North Carolina, provide
additional insights into the identity of the occupants.
According to probate records, the land on which the cem-
etery was located during the years it was in use belonged
to William Eaton, Sr. His father, Thomas Eaton, was tied
with another landowner as the largest slaveholder in
Warren County in 1790 (n = 138, Wellman 1959). When
he died in 1809, Thomas Eaton bequeathed approximately
63 slaves to his son William, who remained a slaveholder
in 1862 when his own will was drafted. On his death,
William Eaton was buried in distinct cemetery on his
land, presumably the family cemetery, that later became
associated the Wesley Memorial Methodist Episcopal
Church in Warrenton, North Carolina (Historical
Records Survey of North Carolina 1942). Hence, the
Eaton Ferry cemetery is an apparent African American
cemetery located during its use on land owned by a
slaveholding family, who buried their own dead in a geo-
graphically separate family cemetery. For these reasons,
it seems likely that people buried in the cemetery were
slaves of the Eaton family, and thus represent the sector
of 19th century North Carolina society of interest to
the research question.

Disease environment for African Americans in the
antebellum South - Infectious disease was a prominent
part of life and a significant cause of death for all people
in the XIX Century South. For example, leading causes of
death in North Carolina according to the 1850 census in-
cluded: respiratory diseases (10%), tuberculosis (6.1%),
typhoid fever (3.3%), diarrheal diseases (3.2%), diphthe-
ria (3.2%), scarlet fever (1.6%), measles (1.1%), and less
specifically identified disease categories such as fevers
(including malaria and yellow fever, 8.3%), dropsy (7.1%),
nervous system diseases (5%), digestive system diseases
(4.1%), and worms (1.6%). These disease categories ac-
count for 54.6% of 10,165 deaths recorded in North Caro-
lina that year (Patterson 1989:154). Leading causes of death
among the slave population of Virginia for 1850 (includ-
ing the latter part of 1849) are similar: respiratory diseases
(16.1%), tuberculosis (10.7%), nervous system disease (in-
cluding neurosyphilis) (7.9%), typhoid (5.7%), diarrhea
(5.5%), and cholera (5.5%). It should be noted that these
values differ little from those recorded for the white popu-
lation of Virginia that year, although the order of disease
prevalence differs slightly and diseases such as cholera
that swept through the region four times between 1830
and 1850 were particularly devastating for slave and free
black populations (Savitt 1978). On the other hand, dis-
eases such as malaria and yellow fever that were particu-
larly troublesome in the warm, humid conditions of the
Southeast do not appear to have impacted people of Afri-
can descent as severely as those of European descent, a
fact widely noted by physicians of the time (Savitt 1978,
1989, Patterson 1989). Statistics are lacking on venereal
disease, but rates of syphilis and gonorrhea � as indi-
cated by physicians� casebooks, were characterized by
one historian as �startling� (Genovese 1960, in Savitt
1978).  Nutritional deficiency diseases such as rickets,

scurvy, pellagra, and iron deficiency anemia are thought
to have been common among blacks and poor whites,
but are listed as only minor causes of death in the 1850
census records (Patterson 1989).  The question there-
fore arises of whether the disease experience was really
different for enslaved blacks and whites in the antebel-
lum South. Emerging data suggest that it was, particu-
larly for infants and children.

Opinion has varied widely concerning the health of
slaves relative to that of the general population. Some
have argued that slave health and mortality was similar to
that of the free population (e.g. Fogel & Engerman 1974),
whereas others have presented a more grim picture (e.g.
Postell 1951). Recent research based on mortality rates
and stature estimates provides strong support for the lat-
ter perspective, particularly for the very young. Using
these health measures, noted historian Richard H Steckel
(2000:449 [quote]) concluded that �[slave] children�s
health was comparable to that in the poorest populations
ever studied, whereas working-age slaves were remark-
ably well-off....slave mortality rates were approximately
350 per thousand among infants and 200 � at ages 1 to 4.
These childhood rates were roughly double those of the
entire free population in the United States, but the rates
of slave and free adults were approximately equal.� Most
babies fell below 5.5 pounds at birth and two-thirds of
infants died within the first month, a pattern attributed to
hard work required of pregnant mothers, especially dur-
ing peak seasons (Steckel 2000). Neonatal tetanus (Tris-
mus nascentium), transmitted through the umbilical stump
as a result of improper handling, was also a common cause
of death for these newborns, as was diarrhea, nervous
system diseases (including neurosyphilis), whooping
cough, and respiratory diseases (Savitt 1978).

Health stresses for infants continued unabated as
mothers returned to work, necessitating supplemental
feeding of infants with less nutritious and frequently con-
taminated paps and gruels, and early weaning by 9 months
to a year. Average heights of slave children fell below the
0.5 percentile of modern height standards for the well
nourished, reflecting continued health problems and
growth impacts likely associated with a nutritionally poor
diet emphasizing hominy and fat (Steckel 2000, Rathbun
& Steckel 2002). Health improvements ensued only when
children joined the work force and gained access to a
worker�s rations, although adult stature still remained at
the low end of modern standards (Steckel 2000). These
data suggest that the health impacts of slavery were great-
est for infants and children, and that these impacts influ-
enced people�s health into adulthood. Therefore, it is hy-
pothesized that: a) infants and children will show the great-
est health stress in the Eaton Ferry Cemetery; and that b)
health stress will be more apparent in the Eaton Ferry
sample than in non-slave samples.

MATERIALS  AND  METHODS

The remains of the 17 individuals analyzed here are
curated at the Research Laboratories of Archaeology at
the University of North Carolina at Chapel Hill (Davis
et al. 1996). Osteological data were initially recorded
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by the author in 1994 and updated on a recent visit in
2005. A detailed inventory was compiled for each skel-
eton. Age and sex determinations followed standard os-
teological protocols (Buikstra & Ubelaker 1994). Met-
ric and other observations were recorded by skeletal el-
ement.

In order to gain insight into population (�racial�) affin-
ity, which might be relevant to understanding health con-
ditions for individuals in the sample, cranial and postcra-
nial  measurements of adults were analyzed whenever
possible (n = 7 individuals) using FORDISC 2.0 (Ousley
& Jantz 1996). The cranial analysis was limited to three
�racial� groups most likely to be represented in this XIX
century North Carolina sample: American Indian, Black,
and White (Pollitzer 1971); postcranial analysis offered
only Black/White discrimination. Although determinations
based on metric data are not necessarily definitive, par-
ticularly in cases of genetic admixture, they nonetheless
provide an independent means of assessing the identity
of those buried in the Eaton Ferry Cemetery.

Standard health indices were used to characterize
health (Buikstra & Ubelaker 1994). Indices of dental pa-
thology included dental caries, antemortem tooth loss,
and enamel hypoplasia. The presence and severity of
enamel defects were recorded for each tooth, and teeth
were conservatively scored as hypoplastic if defects could
be detected by running the fingernail over the tooth sur-
face. Observations of skeletal pathology included porotic
hyperostosis/cribra orbitalia (anemia), periosteal lesions
(infection, trauma, nutritional deficiency), and destruc-
tive lesions (infection, malignancy) (Ortner 2003). These
were limited to visual assessment aided by a 10× hand
lens and strong, oblique lighting.

RESULTS

The Eaton Ferry Cemetery sample includes the re-
mains of six infants (35%), one child (6%), and one

young and nine mature adults (59%) (Table I, Fig. 1). Of
the nine individuals for whom sex could be determined,
five are male and four are female. Preservation varies
from poor to excellent, resulting in fewer individuals
for some indices than the total sample would indicate.

FORDISC 2.0 (Ousley & Jantz 1996) craniometric
assessment identified three females and one male as
black; the other three males were classified as white,
although in one case (Burial 17) results suggested ge-
netic admixture (Tables I , II). Postcranial racial assess-
ment agreed with one male classified as white (Burial 3)
and one male classified as black (Burial 14). In a third
case (Burial 9), cranial and postcranial �race� assignments
disagreed, again suggesting mixed European/African an-
cestry. Two additional individuals were classified as black
based on cranial traits that have been shown to correlate
with �racial� group: post-coronal depression and nasal
guttering (Byers 2002).  In sum, six individuals were clas-
sified as �black,� two as �white�� with genetic admix-
ture, and one as �white.�

All scorable dentitions (>1 years, n = 10) have carious
teeth, and seven of nine observable jaws have remodeled
sockets, indicating that at least one tooth was lost prior
to death (Table III). The ten individuals that could be
scored for dental/periodontal disease have an average of
12.3 diseased/missing teeth. No fillings, bridges, or other
indicators of dental treatment are evident in the sample.
The rate of carious teeth for females is 47.4%, whereas
males show a higher rate of 61.4%, despite a younger
mean age of males in the sample (male~35 years, female =
41 years). When diseased teeth (carious, AMTL) are com-
bined, this difference is less pronounced (m = 65.5%, f =
58.3%).

Eight of 10 individuals (80%) for whom enamel hy-
poplasia of the canines and incisors could be scored are
affected; the other two individuals have only two teeth

Fig. 1: map of the Eaton Ferry Cemetery, Warren County, North Carolina, including burial number, age, sex, and specific disease affliction.
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TABLE II
FORDISC 2.0 cranial and postcranial group classification probabilities (Ousley & Jantz 1996) for seven adults in the

Eaton Ferry Cemetery sample

Group classification Posterior
Burial (Sex) (n) = number variables used in analysis probability Typicality

1 Female Cranial: Black (11) .953 .680
White .038 .192

2 Female Cranial: Black (4) .671 .521
White .290 .297

3 Male Cranial: White (18) .962 .005
Black .032 .001
Postcranial: White (9) .947 .866
Black .053 .321

8 Female Cranial: Black (18) .723 .092
White .267 .057

9 Male Cranial: White (15) .999 .305
Black .001 .010
Postcranial: Black (15) .606 .124
White .394 .101

14 Male Cranial: Black (5) .905 .009
White .072 .001
Postcranial: Black (16) .565 .073
White .435 .064

17 Male Cranial: White (5) .524 .549
American Indian .252 .361
Black .225 .337

Primary FORDISC 2.0 cranial classification (White, Black, or Amerindian) followed by secondary cranial classification. FORDISC
2.0 postcranial classification provided where available.

each available for analysis, so it is not possible to know
if their other anterior teeth were affected (Table III).
Defects are slight-to-moderate in one infant and three
30-50 year old adults, moderate-to-severe in two other
adults in this age range, and extremely severe in another
two individuals, aged 7 (Burial 12) and 20 (Burial 14)
(Fig. 2, 3a,b). In these individuals, the incisors and first
permanent molars are also malformed.

Cranial pathology is less common than dental pathol-
ogy, but affects at least four individuals (Table III). Three
(27%), including one infant and two mature adults, have
porotic hyperostosis of the vault and/or eye orbits attrib-
utable to anemia. The infant with cribra orbitalia also has
several additional pathological lesions of the frontal bone
that include abnormal porosity, enlarged and abnormal
vascular features, and a round, erosive lesion above the
left eye orbit (Fig. 4). A fourth infant has superficial po-
rosity over the surface of one scorable orbit that appears
periosteal in origin and could be indicative of scurvy
(Ortner 2003). A fifth individual (Burial 2) may have healed,
gummatous lesions of the cranial vault, but poor preser-
vation makes this assessment extremely problematic.

Three individuals have pathological lesions in the
bones of the thorax, and excavation records indicate that
a fourth individual did as well. One mature adult male
(Burial 3) has Schmorl�s nodes on T10-L4. Burial 9, a
35-year-old man, has a large resorptive lesion of the 4th
lumbar vertebral body that shows signs of remodeling.

Burial 14 has partially remodeled periosteal lesions on
the visceral surfaces of one lower right and five left
middle ribs in the region of the angle (Fig. 3c). Burial 8,
a 44-year-old woman, is described in excavation records
as having �complete fusion of thoracic vertebrae into 90°
angle making the person a hunchback� (Phelps 1962),
although these vertebral bones are not in the collection
and the condition therefore could not be verified by the
author.

Long bone pathology is present in four individuals
(33%) (Table III). Three 1-month-old infants have fiberbone
periosteal lesions that appear to be pathological, although
the periosteum is very active in infants of this age
(Ditkowsky & Goldman 1970) and normal bone growth
cannot be ruled out in at least one case. The 20-year-old
male (Burial 14) with the disfiguring enamel defects and
rib lesions has remodeled periosteal lesions of the tibiae
(lateral midshafts) and medially bowed fibulae (Fig. 3d). A
fifth individual, Burial 12, may have had a periosteal le-
sion on the distal shaft of the left humerus, but this obser-
vation is based on superficial evidence of slight swelling
that may not be pathological.

There are also two cases of traumatic injury evident in
the sample. A 35-year-old female has healed, pathological
changes to her left acromion that probably resulted from
traumatic injury. Burial 9, the male described above, has
a fully healed shaft fracture of the left clavicle.
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TABLE III

Pathological conditions in the Eaton Ferry Cemetery sample (Affected/Total scorable)

Burial No.             Diseased teeth LEH incisors    Porotic hyperostosis Long bone Other pathological
Age, Sex Carious AMTL and canines Vault Orbits pathology lesions/conditions

1  39 yrs, F 1/3 6 ? 0 0/1 ?

2  45 yrs, F 2/5 7 2S, 1M-V/3 ? 1/1 M ? Gummatous parietals??? a

3  40 yrs, M 7/21 7 6M-V/11 0 0/2 0/9 Schmorl�s nodes on T10-L4

4  >30 yrs ? ? ? 0 ? ?

5  35 yrs, F 12/22 0 0/2 ? 0/2 0/6 Injury/infection of left acromion

6  1 yr � � 2/11 d 1 SA 2/2 SA ? Fine channeling at glabella,
enlarged vascular channel lateral
to L orbit, round lesion above L
orbit.  Open channels lateral to
frontal crest on endocranial
surface, associated porosity

7  1 mo � � ? 0 0/2 4/12 Fiberbone on some ribs, could
Fiberbone be normal growth.
lesions on ulnae
and tibiae

8  44,  F 12/27 2 2S/12 0 0/2 0/7 Complete fusion of thoracic
vertebrae into 90° angle.
Pott�s disease?

9  35,  M 18/23 3 4S-M/12 1 MH 2/2 MH 0/12 Healed fracture of left clavicle;
large resorptive lesion of 4th
lumbar vertebral body.

10  1.5 mo � � ? 0 0/2 0/12

11  1 mo � � ? ? 0/2 2/12 Costal rib ends have woven-
Fiberbone porous  appearance�could be
lesions on normal.
humeri

12  7 yrs 8/12 dec 1dm2 6 M-V/6 d 0 0/2 0/12 Possible swelling on distal shaft
0/6 6V/6 of left humerus�fully remodeled.

13  >21 yrs, M? 6/7 ? 0/2 ? ? 0/1

14   20 yrs, M 26/32 0 12V/12 0 0/2 4/12 Periosteal lesions on visceral
Remodeling surfaces of 5 left ribs and 1 right
periosteal rib on angle, some remodeling.
lesions  on tibiae.
Medially  bowed
fibulae

15   1 mo � � ? 0 ? 6/10? Fine, superficial porosity over
Fiberbone on surface of left orbit. Right orbit
humeri, femora unscorable
& tibiae�
pathological?

16   1 yr � � ? ? ? ?

17   45 yrs,  M 5/18 2 2M/6 0 ? 0/2

Total affected 10/10 7/9 8/10 2/12 3/12 4/12

Individuals (100%) (78%) (80%) (17%) (25%) (33%)

Severity, S: slight, M: moderate, V: severe; Healing status, A: active, H: healed; a: poor preservation; AMTL: number of teeth lost
antemorten; LEH: number of teeth with linear enamel hypoplasia.
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Fig. 3: dental and skeletal lesions suggestive of congenital syphilis
and tuberculosis in young adult, Burial 14. A: enamel hypoplasia of
the maxillary dentition, B: occlusal view of dental defects, includ-
ing mulberry molar of the right M1; C: periosteal lesion of a left rib;
D: periosteal lesion of the left tibia, lateral shaft.

Fig. 2: dental lesions suggestive of congenital syphilis in 7-year-old
child, Burial 12. A: enamel hypoplasia and mulberry molars of the
maxillary dentition; B: enamel hypoplasia and Hutchinson�s inci-
sors of the mandibular dentition.

DISCUSSION

The social and economic status of individuals buried
in the Eaton Ferry Cemetery provides a starting point for
understanding health conditions and risks in the commu-
nity from which they derive. The analysis of group affili-
ation (Tables I, II) strongly supports the argument that
most if not all of the individuals buried in the cemetery are
of African descent. Because �Black/African American� is
as much a social as biological construct in the United
States, even those classified as �white� by FORDISC 2.0
could have had some degree of African ancestry and been
considered black (for example, see Rose 1985), thus sub-
ject to social and economic restrictions and limitations of
the 19th century South. This seems likely given the rarity
of racial mixing in cemeteries of this place and time.

The high rate of dental disease observed in the Eaton
Ferry Cemetery sample is not surprising, given the em-
phasis on corn in the southern diet (Patterson 1989), and
particularly among slaves (Savitt 1978). Numerous stud-
ies of prehistoric Native Americans have documented the
cariogenic nature of corn, and one of the major impacts of
the transition to maize agriculture in the Americas is a
profound increase in rates of dental caries (e.g., see
Larsen 1997, Lambert 2000). It is interesting that the
dentitions of the men are somewhat more diseased than
those of the women, because the opposite in generally

true in prehistoric agriculturalists (e.g., Lambert 2000).
Perhaps this reflects gender differences in diet, hygiene,
or other practices that predispose teeth to cavities, though
it may simply be a product of small sample size. Pat-
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terns are mixed in other historic, black samples (Rathbun
& Steckel 2002), so Eaton Ferry neither conforms with
nor stands out from these other samples. The mean value
for diseased teeth of females (  = 11) falls between mean
values reported for  females in two black South Carolina
plantations samples, but is higher for Eaton Ferry males
(  = 15) than for males in this samples (Remley Planta-
tion, ca. 1738-1756: male  = 9, female  = 16;
Belleview Plantation, ca. 1840-1870: male  = 11, fe-
male = 9). All differ substantially from rates (male  =
0, female  = 3) reported for a sample of Charleston
elites (ca. 1750-1850), one of whom even had gold fill-
ings (Rathbun & Steckel 2002), illustrating the influ-
ence of wealth on dental health as well as the role of
poverty in its decline.

The high rate of enamel hypoplasia (80% of individu-
als affected) provides strong support for the argument
that the health of slave children was particularly compro-
mised during the six year period (0-6 years) when these
lesions form in growing incisor and canine tooth crowns
(Buikstra & Ubelaker 1994). When this rate is broken down
by sex and tooth type, the sexes appear similarly affected
(male incisors 40%, canines 80%; female incisors 50%;
canines 100%). These rates by tooth type are somewhat
higher than those reported for the two plantation samples
noted above (males = 23% & 80%, females = 7% & 50%,

Remley Plantation; males = 25% & 50%, females =  40% &
40%, Belleview Plantation) and much higher than those
recorded for the Charleston elites (male = n.a.% & 36%,
female = 0% & 20%). The only other sample that ap-
proaches these levels in the data series compiled by
Rathbun and Steckel (2002) is the free black cemetery at
Cedar Grove (1881-1927) in rural Arkansas (male = 67% &
80%, female = 48% & 62% affected incisors/canines), which
may be a reflection of rural poverty more generally, but
might also reflect the social and economic impacts of late
XIX century Jim Crow laws.

A number of osteological studies of XIX century slave
and free black cemetery samples (e.g. Rose 1985,
Hutchinson 1987, Owsley et al. 1987, Rathbun 1987, Jacobi
et al. 1992, Blakey et al. 1994, Rankin-Hill 1997, Rathbun &
Steckel 2002) have explored the prevalence of infectious
diseases and other disorders. Diseases noted in these
studies and of particular interest here, given their poten-
tial to produce dental defects and other lesions observed
in the Eaton Ferry skeletal series, include congenital syphi-
lis (Rose 1985, Rathbun 1987, Jacobi et al. 1992), tubercu-
losis (Rose 1985, Angel et al. 1987, Kelley & Angel 1987,
Rankin-Hill 1997), marasmus (Blakey et al. 1994), rickets,
scurvy (Rose 1985, Rankin-Hill 1997), and sickle-cell
anemia (Angel et al. 1987, Rathbun 1987). The cranial,
dental, and postcranial signs of these diseases/disorders

TABLE IV
Diagnostic criteria for diseases/disorders suspected in the Eaton Ferry Cemetery sample

Disorder Dental Defects Cranial Postcranial

Congenital Syphilis a-c Barrel-shaped, notched Necrotizing osteitis (round, Osteochondritis/osteoperiostitis at
(may lead to rickets) incisors and mulberry molars. destructive lesions). Osteo- 0-5 years. Gummatous osteomyelitis,

Linear  enamel hypoplasia periostitis  of the skull (rare). esp. of tibiae, &. bone deformities
may be present. Occasional naso-palatal such as saber-shin tibia relatively
Reduced tooth size involvement common at 5-15 years.

Dactylitis may be present

Malnutrition a-e Linear enamel hypoplasia, Porotic hyperostosis from Growth retardation, reduced adult
(increased susceptibility reduced tooth size, fluctuating iron deficiency. Porous stature, Harris lines, periosteal lesions
to infectious diseases) dental asymmetry appositional lesions of from subperiosteal hemorrhage in

sphenoid, eye orbits, and cases of scurvy
vault in cases of scurvy

Rickets a,b Linear enamel hypoplasia, Craniotabes (localized thinning Hypertrophy & possible cupping of
especially in  maxillary incisors. of vault bones), especially in long bone metaphyses in infancy.
Marked changes may also be infancy. Thickening (bossing) Demineralization leading to
seen in deciduous and of frontal and parietal bones fracturing and  bowing, esp. of leg
permanent molar tooth crowns due to bone deposition most  bones. Beading of sternal rib ends.

common in 2-3 year range Rickets most common from 6 months-
2 years and 6-15 years

Sickle Cell Anemia f-h Hypomineralization of dentin Porotic hyperostosis. Medullary hypertrophy and thinning
(increases susceptibility and enamel. Hypercementosis Periodontal disease: marked of cortices of long bones. Growth
to infection) of tooth roots. Malocclusion. loss of alveolar bone. retardation of one or more bones.

Possible tooth discoloration Predisposition of jaw bones to Increased susceptibility to infections
infection and osteomyelitis that can affect postcranial bones

Tuberculosis a,b,i,j Linear enamel hypoplasia, Destructive lesions of skull Periosteal lesions of visceral rib
(opportunistic infection) including multiple bands, may and face possible, but surfaces possible. Destructive lesions

 be present in tooth crowns uncommon overall of spine, hips, knees, and other bones

a: Ortner 2003; b: Steinbock 1976; c: Rasool & Govender 1989; d: Larsen 1997; e: Zhou & Corruccini 1998; f: Richard 1977;
g: Sanger & McTigue 1978; h: Oredugba & Savage 2002; i: Roberts et al. 1994; j: Lambert 2002.
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are described in Table IV.
Four individuals in the Eaton Ferry sample have den-

tal/skeletal indicators strongly suggestive of a particu-
lar infectious disease (Burials 8, 9, 12, and 14) and two
others are suggestive. The dental evidence observed in
Burials 12 and 14 appears to most closely match the di-
agnostic criteria for congenital syphilis (Hillson et al.
1998, Table IV, Figs 2, 3). Both have misshapen, mul-
berry first molars as well as barrel-shaped and/or notched
incisors of the permanent dentition. Although neither
individual exhibits signs of cranial involvement or evi-
dence of osteochondritis, Burial 14 has remodeled pe-
riosteal lesions on the midshafts of both tibiae, a com-
mon location for these lesions in treponemal disease
(Steinbock 1976, Ortner 2003). If the poorly preserved
cranial vault of Burial 2 was in fact affected with gum-
matous lesions (Table III), this would be a third individual
affected with venereal syphilis and not surprising in light
of the evidence for the congenital form of the disease.
Three individuals appear to have suffered from tubercu-
losis, which greatly troubled African American commu-
nities of the 19th century (Rose 1985, Rankin-Hill 1997,
Figs 1, 3c). One is Burial 14, the young man with evi-
dence of congenital syphilis. This individual has signs

of pulmonary infection in the form of rib lesions on vis-
ceral ribs surfaces. In studies of identified skeletons,
this type of rib lesion has been found to positively cor-
relate with pulmonary infections, particularly the pul-
monary form of tuberculosis (see Roberts et al. 1994, Lam-
bert 2002). Burial 9, a mature adult male, has a large re-
sorptive lesion of the 4th lumbar vertebra that is strongly
suggestive of skeletal tuberculosis (Ortner 2003). Burial 8
also appears to have been afflicted with skeletal tubercu-
losis in the form of Pott�s disease (Table III; see Roberts
& Buikstra 2003), although it is possible this woman suf-
fered instead from senile or secondary kyphosis (Ortner
2003).

One or more of the three neonates (Burials 7, 11 and
15) with fiberbone lesions on various long bones could
have been affected with early stage congenital syphilis,
known to cause osteoperiostitis (Table IV). However, these
infants could also have been infected with strep, staph,
or other bacterial infections known to cause appositional
lesions (Steinbock 1976, Ortner 2003). Given the range of
diseases listed as primary causes of death for slave in-
fants (Savitt 1978), the possibilities are many.

Malnutrition was likely a contributing factor in the
poor health and early death of subadults in the Eaton
Ferry Cemetery. The 7-year-old child with apparent con-
genital syphilis is very small (4.5 years) for a dental age of
7 years (Ubelaker 1984, Table V), which is consistent with
chronic malnourishment, although chronic disease can
also impact growth and development (Goodman 1991).
Early weaning could have put infants at risk for scurvy
and rickets, as may be indicated by porous cranial lesions
in the two, year-old infants in the sample (Burials 6 and
16, see Ortner et al. 2001, Ortner 2003). On the other hand,
the inward bowing of Burial 14�s fibulae, a malformation
that can be caused by rickets (Ortner 2003), seems un-
likely to be so in this case, given the absence of bowing in
the tibiae; this bowing may instead be the result of post-
mortem, taphonomic processes.

It is also possible that sickle-cell anemia was a compli-
cating factor in one or more of these individuals. Although
this genetic disorder was not recognized or understood
in the mid-XIX century, physicians of the time nonethe-
less noted the resistance of many African Americans to
malaria�a resistance conferred almost certainly in part by
possession of the sickle-cell trait (Savitt 1989). Sickle-cell
anemia can leave its mark on the skeleton in a number of
ways (Richard 1977, Sanger & McTigue 1978, Oredugba
& Savage 2002, Table IV), including porotic hyperosto-
sis. However, there were only a few cases of porotic hy-
perostosis in the sample (25%) and none was particularly
severe. Burial 12, who lost the left m2 prematurely in cause
or consequence of alveolar bone loss � a common afflic-
tion in children with sickle-cell anemia (Sanger & McTigue
1978) � may have suffered from the disorder, though this
child showed no specific signs of anemia and tooth loss
may have related to infection with syphilis. The one-year-
old infant (Burial 6) with cranial lesions is another pos-
sibility, given the presence of porotic hyperostosis and
vascular abnormalities, but young infants (< 2 years) are

Fig. 4: pathological cranial lesions in 1-year-old infant, Burial 6. A:
ectocranial lesions of frontal bone; B: endocranial channeling of
frontal bone.
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rarely affected with active hemolytic disease due to the
late exchange of fetal for adult hemoglobin (Sanger &
McTigue 1978), making this diagnosis unlikely.
Concluding remarks

In summary, there is evidence for two specific infec-
tious diseases in the Eaton Ferry Cemetery that are known
from historic records to have troubled XIX century Afri-
can Americans: tuberculosis and syphilis. These and other
diseases no doubt contributed to the deaths of seven
infants and children, and perhaps also to the childhood
growth disruption observed in the teeth of six adults.
These high rates of childhood affliction support the hy-
pothesis that infants and children were a particularly vul-
nerable segment of the enslaved African American popu-
lation in North Carolina. While the sample is small, the
cumulative picture of health stress in the Eaton Ferry
sample nonetheless provides compelling evidence for the
steep biological costs of slavery, particularly for the
youngest of the enslaved.
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