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The origin of rheumatoid arthritis (RA) has been the subject
of conjecture from both timeline and etiological perspec-
tives1-13. Establishment of a timeline perhaps provides an
opportunity to identify its etiology10. The timeline question
actually proved resolvable. Six thousand five hundred years
ago, only one area in the world contained individuals with a
polyarticular symmetrical erosive arthritis, sparing
sacroiliac joints and post-cervical vertebrae10,14-17. The
female predominant (3:1) pattern in those populations is
indistinguishable from that in RA today. Archaic occurrence
of the disease was, however, very limited geographically.
The western portion of the Tennessee and Green rivers of
the USA hosted afflicted populations for over 6000 years
(Figure 1). That zone also seemed to limit the geographic
distribution of the disease10,18. No evidence of RA was
found outside that catchment area (50 miles wide and 400

miles long) until 1000 years ago, when it was identified in a
limited area of Ohio10,18. Even that remained quite focal in
distribution until 200 to 300 years ago, when essentially
worldwide distribution became manifest.

What is not rheumatoid arthritis?
As the spectrum of another form of erosive arthritis, spondy-
loarthropathy (SpA), has been clarified19-26, so too has the
nature of RA. SpA is a disease characterized by vertebral
and sacroiliac erosion and fusion, peripheral joint fusion,
and peripheral joint erosion20-26. While peripheral joint
erosions are found in both RA and SpA, examination of joint
distribution can distinguish between them. Marginal
erosions are found in both diseases16,22. Subchondral
erosions are limited to SpA20-26.

Subsequent to identification of RA in North America,
there have been many attempts to identify ancient RA
outside the original catchment area27-41.

Examination of over 30,000 human skeletons outside the
RA catchment area has not revealed any additional
cases10,18. Examination of the purported European/African
cases27-41 reveals only SpA, osteoarthritis, or even infection,
but no RA10,18.

What is rheumatoid arthritis?
A disease geographically limited for 5000 years, increasing
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in range 1000 years ago to subsequently manifest worldwide
spread 200 to 300 years ago, RA presents a timeline incom-
patible with a primary genetic explanation for its distribu-
tion. Twin and other studies support that contention42-44. The
staccato nature of the spread suggests the role of an allergen,
or more likely, an infectious agent, that is responsible for the
osteoclastic-type bone resorption characteristic of RA45-47.

Etiology of rheumatoid arthritis
Efforts to identify such an agent, however, have not
provided reproducible evidence1,2,4-6,12. While mycoplasma
and L-forms have been considered1,2,4-9,12, the etiologic
agent(s) of RA is (are) still not identified. Part of the early
confusion may have derived from misdiagnosis. Brown, et
al48 isolated mycoplasma (and reported therapeutic
response) in gorillas they diagnosed as having RA.
Subsequent investigation revealed that the gorillas actually
had SpA49, perhaps even reactive arthritis or Reiter’s
syndrome, secondary to infectious agent diarrhea50. Studies
of patients with RA have not reproducibly identified a
responsible agent. Perhaps there is another way of looking
at the question.

The search for an animal model
Perhaps a clue to the etiology of RA lies not with what
organisms can be associated, but rather with what has not?
The search for an animal model provides perspective. While
the collagen-arthritis model does not resemble (in character
or pattern of involvement) any known form of human
arthritis51,52, the adjuvant arthritis model does — but not
RA52. The adjuvant arthritis model actually mimics SpA in
character and distribution quite closely — subchondral
erosions, peripheral joint fusion, and predominantly
wrist/ankle localization of erosions22,52, and that may be an
important clue.

SpA has been documented as essentially a worldwide

disease23,24,53, sparing only the catchment area for RA10. The
2 diseases have proven to be mutually exclusive in the
ancient human skeletal populations examined to date10,18.

Conditioning?
Perhaps we have been asking the wrong question. Asking
what causes RA is the standard question. Perhaps we should
ask what conditions are necessary for SpA to occur: Not
what bacterial agents actually cause SpA, but rather, what
allows them to cause SpA. One such conditioning factor
relates to HLA-B2750. However, there may be an even more
basic issue.

The tuberculosis-adjuvant consideration
Does similarity to adjuvant arthritis provide a clue? Recall
that adjuvant arthritis is induced by a tuberculosis fragment-
driven process (e.g., Freund’s adjuvant)54. Could something
related to tuberculosis or its biochemical constituents be a
necessary factor that conditions immune response to certain
stressors (e.g., Salmonella, Shigella) to produce SpA? Could
absence of tuberculosis or of the pertinent biochemical
constituent from the individual or the environment prevent
occurrence of SpA or allow another disease (i.e., RA) to
develop? Pacheco-Tena and colleagues55 identified tuber-
cular DNA in synovial fluid of people with SpA who had no
evidence of active tuberculosis. Conditioning by
Mycobacterium tuberculosis produces T cells that are nonre-
sponsive to cartilage proteoglycans56. Such a conditioned
animal would be susceptible to any insult/injury that
releases proteoglycans. Said insult (e.g., Salmonella) could
precipitate SpA. Could absence of that conditioning factor
have been responsible for the original development of RA,
rather than SpA?

Presence of tuberculosis in North American fauna
Polymerase chain reaction-amplified DNA evidence docu-
ments that M. tuberculosis was pandemic in bison and
mastodons in North America, for at least 38,000 years57.
Why is that pertinent? One in 4 bison and one of every 2
mastodons have pathognomonic bone erosions, under-
mining the articular surface57,58. As not all affected individ-
uals with tuberculosis have bone erosions, the implication of
this frequency in bison and mastodons is that the entire
population was affected. Rather than immediately killing its
host, tuberculosis revealed an accommodation (as it does in
humans59), probably becoming walled off and inactive until
some stressful event produces reactivation.

Tuberculosis in Amerindians
The story in humans is more complex. As the anthropologic
record in North America is predominantly limited to skeletal
material, only study of skeletal disease “imprints” allows
epidemiologically meaningful diagnosis. Polymerase chain
reaction of extracted DNA may some day allow identifica-
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Figure 1. The initial RA catchment area, indicating location of documented
sites.
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tion of M. tuberculosis in unaffected bone, but that has not
yet been convincingly/reproducibly documented, and
attempts at isolation from affected ancient bone have only
limited success57. Most human skeletal manifestations of
tuberculosis are nonspecific. Perhaps pathognomonic for
tuberculosis in humans is the spinal lesion — destruction of
the vertebral body with collapse and fusion, but not
destroying posterior elements (gibbus phenomenon)60. The
latter occurs in 1–2% of humans with untreated tubercu-
losis60.

The corollary is that discovery of a 1–2% frequency of
gibbus phenomenon in any group of individuals suggests
that the whole group is affected — perhaps universal, rather
than even pandemic disease, as Naegeli suggested61.
Examination of skeletons from Amerindian cemeteries/
ossuaries (across what is now the United States) reveals a
1–2% frequency (Table 1) of gibbus formation across the
continent62-65, with one possible exception.

There are sites in North America where no tuberculosis is
found. With the exception of the western portion of the
Tennessee and Green rivers (the original catchment site for
RA), these sites are quite small. Indeed, combining sites
from these negative areas still reveals too few skeletons to
assess the question statistically.

The statistical question
An explanation of the statistical problem is required. If the
frequency of an event (e.g., gibbus) in 2 populations is 0 in
one population and even as high as 2% in the second, those
population events will not be distinguishable — unless the
population size exceeds several thousand in each group —
even if one settles for being wrong (beta error) 20% of the
time66-68. The number of individuals required to rule out the
presence of tubercular gibbus phenomenon would be 2484
for a power of 80% and 3727 for 90%68.

As reported North American populations/samples
lacking the gibbus are smaller than 1000 individuals, tuber-
culosis (on the basis of pathognomonic gibbus formation)
cannot be ruled out in the areas these represent. Although
classic gibbus lesions were not recognized during the orig-
inal evaluation of the catchment area for RA, more confi-
dent assessment of the actual freedom of those skeletons
from tubercular bone lesions also requires examination of
populations in those Tennessee (western portion) and Green
River (western portion) sites for nonspecific changes.

If one includes nondiagnostic findings, one can make a
stronger statement of exclusion69. El-Najjar reported70

osseous lesions in 8% of 20th century tubercular skeletons.
It therefore seemed appropriate to apply more liberal stan-
dards to populations from the western portion of the
Tennessee and Green rivers to answer the question more
fully. The numbers required for the latter are 241 for a power
of 80%, and 313 for a power of 90%. Given the challenges
to contemporary epidemiology related to subsequent occur-
rence of tuberculosis in individuals with established RA71,
and to avoid the potentially confounding factors of greater
social interactions in the later Mississippian periods of
North America72, analysis of the confirmed RA catchment
area was restricted to the Early Woodland and Archaic
periods of North America. Verification that the catchment
area was limited to the western portion of the Tennessee and
Green rivers was also attempted by seeking more eastern
sites along those rivers.

MATERIALS AND METHODS
Archaic sites examined. Archaic populations examined included Cherry
(84BN74), Kay’s Landing (15HY13), and Big Sandy (25HY18) from the
RA catchment area and Seven Mile Island (LU25), Carlston Annis
(15BT5), and Eva (6BN12), previously identified as having RA10. These
were compared with Carrier Mills (11SA87), Hatten Mound (23MN275),
and Ala-307, documented as having SpA24.

Sites along the eastern portion of Tennessee and Green rivers. A search for
well documented sites with adequate skeletal preservation along the eastern
portion of the Tennessee and Green rivers revealed none in the Archaic or
Woodland periods. The earliest site of sufficient size with adequate skeletal
preservation from that area was Dallas (7HA1). Dallas is a Mississippian
site (900 years before the present) located on the eastern portion of the
Tennessee River, outside the previously identified RA catchment area10.

Technique. Each skeletal element of all individuals was carefully observed
by at least 2 authors, with concurrence as to the observation representing an
erosion and ruling out artifact, such as animal gnawing or post-mortem
trauma.

Identification of possible tuberculosis. Identification of possible tubercu-
losis in skeletons was predicated upon the presence of any of a variety of
lesions: these included bone erosion and destruction of vertebral endplates,
eventually leading to vertebral body collapse, fusion, and formation of the
classic gibbus (although with general sparing of posterior vertebral
elements)60. Peripheral joint involvement with erosion, trabecular disorga-
nization, and joint fusion60 was also sought. Trabecular disorganization and
bone destruction with minimal reactive new bone formation were sought to
distinguish tubercular arthritis from SpA22,60. Tubercular osteomyelitis was
recognized as ill defined lytic areas. Surface manifestations include
smooth, macroscopic zones of resorption (in contrast to the osteoclastic
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Table 1. Sites with gibbus reaction (derived from references 95–106).

Date Locale

5000–3000 BC Black Earth Site, Carrier Mills, IL
2250–750 BC ALA-307, Bay Area, CA
1000–600 BC Hatten Mound, 23MN275, Northeast MO
1000–100 BC SON-299, Central CA
100 AD AP530, Seneca Co., NY
200–1000 Hopewell Mound, IL
500–1200 AP529, Monroe Co., NY
650–1330 32GF1, Northwest MN
875–975 AZ-J-54-9, Kayenta Anasazi, Northeast AZ
900–1300 Tocito Burial 4A, Tocito, NM
1050–1550 Moundville, AL
1125–1425 Turpin Site, Central OH
1200 40WM1, Arnold Site, Williamson Co., TN
1200–1400 AP526, Seneca Co., NY
130–1500 San Cristobal, Tano Site, Galisteo Basin
1300–1500 Hawikku, Zuni Village, Western NM
1325–1521 Subway Route 2, Tram D, Mexico City
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fronts of resorption noted with RA or SpA)22,60,73,74. As nonarticular
involvement is predominantly diaphyseal, in contrast to metaphyseal
involvement in fungal disease60, this attribute was also considered. While
the gibbus is considered relatively specific for the diagnosis of tubercu-
losis60 and the other findings noted above are nonspecific, all were sought
to maximize the opportunity to recognize any potential tuberculosis in that
population.

Rheumatoid arthritis. Diagnosis of RA was predicated upon presence of
polyarticular erosive arthritis, compatibility of all the findings with our
current understanding of that disease, and identity of skeletal pathologic
changes with those noted in unequivocally diagnosed individuals74. The
latter included periarticular osteopenia, marginally distributed erosions,
axial skeleton (atlantoaxial junction excepted) sparing, and absent joint
fusion60,75.

Spondyloarthropathy. Diagnosis of SpA was predicated upon the presence
of axial joint disease or peripheral arthritis and identity of skeletal patho-
logic changes with those noted in clinically unequivocally diagnosed indi-
viduals22. Specific identifying characteristics included joint fusion,
erosions with subchondral distribution, reactive new bone formation, and
variable perilesional bone density60,75.

To achieve a statistical power of at least 90% (beta error < 10%) with
alpha error < 5%, 315 individuals were needed in each study group.
Statistical comparison of the frequency of possible tubercular lesions in the
rheumatoid catchment and non-catchment areas was by chi-square and
Fisher exact tests.

RESULTS
There was no osseous evidence for existence of tuberculosis
in any of the examined Archaic sites in which RA was
present (Table 2). This contrasted with sites with SpA, in
which tuberculosis was clearly present (Table 2).

Examination of the Dallas site (the eastern portion of the
Tennessee River) revealed 2 cases of SpA (Figure 2A), but
no evidence of RA. Among the 4 cases of tuberculosis in
that population, classic gibbus (Figure 2B) was present in
one individual. The anulus fibrosus fusion in SpA (Figure
2A) is clearly distinguishable from the central vertebral
body destruction, collapse, and angulation of tuberculosis
(Figure 2B).

The absence of osseous signs compatible with tubercu-
losis was statistically significant in the Archaic and Early
Woodland catchment area for RA, contrasted with outlying

areas (chi-square = 12.4, p <0.0001; Fisher exact test <
0.0001).

DISCUSSION
It is ironic that one of the major pharmaceuticals (gold salts)
in the history of RA suppression was actually first used
because of the hypothesis that RA was caused by tubercu-
losis76,77. Now we examine the converse. Was it the absence
of tuberculosis that allowed the original development of
RA? The worldwide distribution of tuberculosis78-82 may
have spared the RA catchment area. The major questions are
if and why.

While tuberculosis is not increased in frequency among
individuals with RA (compared to the general popula-
tion)71,83, the opposite question had not been fully explored.
Further, modern life and transportation complicate the ques-
tion of current tuberculosis exposure. It is to the ancient
populations that we must turn to answer this question. The
question of tuberculosis in RA has become even more
complex with availability of the tumor necrosis factor antag-
onist infliximab71.

Activation of tuberculosis has been noted with infliximab
use in RA84. There is, however, one other consideration. Did
those “rheumatoid”-labeled individuals with tuberculosis
actually have RA? Given the common current tendency to
lumping of patients with inflammatory arthritis under the
umbrella of RA85,86, it would be of interest to learn if those
who developed tuberculosis actually had the symmetric
erosive disease (sparing the sacroiliac and spine) and no
subchondral erosions or joint fusion (in the absence of corti-
costeroid exposure). The latter would be considered clas-
sical RA87. Or did the patients who developed tuberculosis
actually have what has been called a different disease87,
which many would classify as nonclassical — actually
SpA22,50. Critical examination of such individuals and those
from areas of rampant tuberculosis with inflammatory
arthritis will be necessary to assess whether some really had
RA or if the disease present was actually SpA.

The Journal of Rheumatology 2003; 30:102098

Table 2. Tuberculosis assessment in selected American sites.

State Site Dates Number Tuberculosis Lesions Diagnosis

AL Seven Mile Island 4300* 129 None compatible RA
KY Carlson Annis 4300–4090 138 None compatible RA
TN Eva 6500–6000 134 None compatible RA
TN Cherry 4300 66 None compatible RA
TN Kay’s Landing 4300 73 None compatible RA
TN Big Sandy 4300 48 None compatible RA
IL Carrier Mills 7000–5000 159 Present, 3% SpA
MO Hatten Mound 2000–2600 82 Present, 5% SpA
CA Cco295 2250 153 Present, 3% SpA
TN Dallas 900 67 Present, 8% SpA

* years before present.
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A dichotomy analogous to that of RA and tuberculosis
also exists for tuberculosis and leprosy88. This is especially
intriguing, as a rheumatoid-like arthritis has been reported
with leprosy. As this arthritis generally resolves with treat-
ment of the underlying leprosy89-92, it is unclear if this is
simply a rheumatoid mimic, or if it is further evidence that
a form of mycobacteria (M. leprae), known to be protective
against M. tuberculosis infection88, actually (at least in the
lepromatous form) “allows” the occurrence of RA.

This study supports the perspective that the original
catchment area for RA was free of tuberculosis. It further
documents the original perspective that RA was originally
limited in distribution to the western portions of the
Tennessee and Green rivers.

It is intriguing and perhaps pertinent that the catchment
area for ancient RA excluded the distribution patterns
(Figures 3 and 4) of the 2 large herbivores (bison and
mastodon) documented to carry tuberculosis57,58. This
contrasts with the presence in the catchment area of
mammoths93, megafauna in whom no signs of tuberculosis
have been identified58. While bison and mastodon may have
been extinct 6500 years ago in the catchment area, their
environmental influence in other areas may be pertinent to
conditioning to development of SpA.

Our initial search for the etiology of RA stimulated
consideration of allergens or infectious agents that were
specific to the catchment area18. The only factor that corre-
sponded with this area was one aspect of habitat, termed the
oak-hickory deciduum. The latter refers to a forest area in
which oak and hickory trees predominate. Bison are
predominantly plains animals and mastodons seem to prefer
bogs (at least that is where their bones are found), in contrast
to mammoths (whose bones are found in the catchment
area)107,108. Thus it may have been an accident of forestation
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Figure 2. Affected vertebrae in SpA and tuberculosis. A. Fusion through the
anulus fibrosis in 7HA1#95, characteristic of SpA. B. Destruction of verte-
bral body with collapse and fusion, absent posterior element destruction,
but with fusion of those elements (gibbus phenomenon) in 7HA1#89 char-
acteristic of tuberculosis.

A

B

Figure 3. Distribution of bison in Eastern North America. Derived from
references 93, 107.
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that determined the distribution of these animals and set the
scenario for the development of RA.

A possible differentiating role for tuberculosis in the
development of RA or SpA seems appropriate to consider.
Several questions arise: Is tuberculosis essential to this
formula? Will any mycobacteria have the same effect? Why
does M. leprae appear different? Can other organisms be
substituted for mycobacteria? What component is respon-
sible: cell wall, protein, DNA? Could the difference
between mycobacterial DNA and mammalian DNA be a
factor? It is apparently the unmethylated CpG dinucleotides
(found in mycobacterial, but not mammalian DNA) that
activate the immune system54. Does this give additional
support to the work of Matsumoto and colleagues94, who
demonstrated precipitation of an inflammatory arthritis in
mice by injection of antibodies to the enzyme glucose-6-
phosphate isomerase? Another window to disease explo-
ration seems opened.
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