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SUMMARY but potentially feasible endeavor is favored by the adoption of oral

The agents of human treponematoses include four closely related
members of the genus Treponema: three subspecies of Treponema
pallidum plus Treponema carateum. T. pallidum subsp. pallidum
causes venereal syphilis, while T. pallidum subsp. pertenue, T. pal-
lidum subsp. endemicum, and T. carateum are the agents of the
endemic treponematoses yaws, bejel (or endemic syphilis), and
pinta, respectively. All human treponematoses share remarkable
similarities in pathogenesis and clinical manifestations, consistent
with the high genetic and antigenic relatedness of their etiological
agents. Distinctive features have been identified in terms of age of
acquisition, most common mode of transmission, and capacity
for invasion of the central nervous system and fetus, although the
accuracy of these purported differences is debated among investi-
gators and no biological basis for these differences has been iden-
tified to date. In 2012, the World Health Organization (WHO)
officially set a goal for yaws eradication by 2020. This challenging
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azithromycin for mass treatment and the currently focused distri-
bution of yaws and endemic treponematoses and has revived
global interest in these fascinating diseases and their causative
agents.

INTRODUCTION

he human treponematoses comprise venereal syphilis and the
endemic treponematoses called yaws, bejel, and pinta. The eti-
ological agents of these diseases are Gram-negative bacteria that
belong to the order Spirochaetales, family Spirochaetaceae, and ge-
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TABLE 1 Classical features of human treponematoses

Feature

Yaws

Bejel (endemic syphilis)

Pinta

Venereal syphilis

Causative agent
Geographical
distribution

Climatic conditions

Age group (peak
incidence of lesions)

Common mode of
transmission

Most common location
of primary lesion
Most affected organs

Late complications in the
absence of treatment

Vertical transmission

Central nervous system
involvement
Animal models

Genome size (kbp)
Genomic identity with T.

T. pallidum subsp. pertenue

Western/Central Africa,
Southeast Asia, Pacific
Islands

Tropical (hot and humid)

Children (<15 yr)

Skin-to-skin contact

Lower extremities

Skin and bone

Destructive osteitis, saddle
nose, destruction of the
palate and nasal septum,
painful lesions on soles

Not commonly recognized
but asserted (43)
Believed to be rare

Rabbit = hamster

1,139.3-1,139.7
99.8

T. pallidum subsp. endemicum

Sahelian Africa, Saudi Arabia
Hot and dry (semiarid/arid)
Children (2-15 yr)

Mucous membrane and skin-
to-skin contact (sharing of

eating utensils and drinking

vessels)
Oral mucosa (rarely seen)

Oral and nasal mucosae,
intertriginous areas and
bone

Destructive osteitis of the
nose, palate, and nasal
septum

Not commonly recognized
but asserted (332)

Believed to be extremely rare
or absent

Rabbit = hamster

1,137.7¢
99.7¢

T. carateum
Central and South
America

Warm (semiarid)
Children and adults

Skin-to-skin contact

Extremities

Skin

Depigmented
lesions over
hands, wrists,
elbows, feet, and
ankles

Not recognized

Not recognized
Primate only

ND?
ND

T. pallidum subsp. pallidum
Global

All
Adults

Sexual and congenital;
occasionally nonsexual contact

Genitalia, anal, and oral mucosae

Skin; systemic involvement,
including central nervous
system and fetus

Neurological (optic atrophy,
paresis, tabes dorsalis),
cardiovascular (aortitis, aortic
aneurysm), gummatous (skin,
lung, liver, brain, other organs)

Frequent

Frequent

Rabbit > primate > guinea pig >
hamster

1,138.0-1,140.0

NA®

pallidum subsp.
pallidum (%)

7 Staudova et al., unpublished data.
Y ND, no data.
¢ NA, not applicable.

nus Treponema. The syphilis, yaws, and bejel spirochetes were
originally classified as separate species but are now considered to
be subspecies of Treponema pallidum (T. pallidum subsp. palli-
dum, T. pallidum subsp. pertenue, and T. pallidum subsp. endemi-
cum, respectively) based upon DNA hybridization evidence of
their remarkably high genetic relatedness (1, 2). The lack of avail-
ability of an isolate of the agent of pinta has precluded genetic
analyses of this organism, and it retains its separate name, T. cara-
teum.

All human treponematoses share impressive similarities in
pathogenesis and natural history (Table 1). All are transmitted by
direct contact with infectious lesions and are chronic infections
that are manifest in multiple stages involving the skin. All except
pinta can progress to cause serious and destructive lesions of skin,
bone, and cartilage. As in venereal syphilis, the clinical manifesta-
tions of the endemic treponematoses are commonly divided into
an early stage (encompassing primary and secondary manifesta-
tions) and a late stage. Early-stage lesions are highly infectious and
can persist for weeks to months, or even years, following appear-
ance. Once the early manifestations spontaneously regress due to
the host’s immune response against the pathogen, the patient en-
ters a state of latency that in many cases lasts for a lifetime. In a
relatively small percentage of cases, however, the infection may
progress from latency to tertiary disease, characterized by destruc-
tion of tissues.
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Despite many similarities, some differences among the human
treponematoses have been described. The endemic treponemato-
ses are transmitted primarily in childhood, often in the poorest
rural communities of the tropical belt (Fig. 1). In contrast, vene-
real syphilis is globally distributed and is transmitted primarily by
sexual activity of adolescents and adults. In pregnant women with
syphilis, T. pallidum subsp. pallidum readily crosses the placenta
to infect the fetus, causing spontaneous abortion, stillbirth, or
congenital infection of the newborn, while congenital infection
has been stated not to occur in endemic treponematoses. Further-
more, despite recognition of cardiovascular, neurological, and
ophthalmological manifestations during syphilis infection, these
manifestations are rarely or not reported for endemic treponema-
toses (Table 1). One of the goals of this work is to critically review
the data relevant to the often-described differences among these
diseases and the possible biological, social, and environmental fac-
tors behind these differences.

Our overall understanding of the pathogenesis of human
treponematoses is limited (i) by the inability to grow these spirochetes
in vitro, requiring expensive and difficult continual propagation in
laboratory animals, (ii) by their remarkably fragile cellular ultrastruc-
ture, permitting only limited mechanical manipulation of the patho-
gen to preserve its integrity and viability, and (iii) by the bacterium’s
limited viability outside a host. The rabbit is widely used for propa-
gation of isolates of the T. pallidum subspecies.
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FIG 1 Current geographical distribution of endemic treponematoses. The map was designed according to epidemiological data on yaws available at http://www
.who.int/yaws/epidemiology/en/ and the gathered bibliography, including work by Harding (333), Bendel (334), and da Cruz-Ferreira and Sterneberg (335). *,
based on a 2006 case report article describing two cases of bejel in children in Mozambique (267). **, based on an early pinta lesion identified in a female resident
of Cuba visiting Austria (274). Officially, the last case of pinta in Cuba was reported in 1975.

ANIMAL MODELS FOR THE STUDY OF THE HUMAN
TREPONEMATOSES

Rabbits are highly susceptible to T. pallidum infection (3, 4), and it
has been shown that, upon intradermal (i.d.) infection with T.
pallidum subsp. pallidum, New Zealand White (NZW) rabbits de-
velop lesions that are clinically and histologically very similar to
human primary lesions. Secondary syphilis lesions can also appear
after healing of primary lesion in the rabbit model (5, 6). Infected
rabbits mount cytokine responses against the pathogen that mir-
ror those of humans during natural infection (6-9). Development
of alternative experimental models of treponemal infection has
been attempted to overcome the unavailability of inbred rabbit
strains and to facilitate immunological studies, but with relatively
low success. Hamsters were shown to be very good models for
yaws and bejel but were less susceptible to infection with T. palli-
dum subsp. pallidum (10) (Table 1). Guinea pigs develop primary
ulcers only with inocula far larger than necessary in rabbits or
humans and with atypical histopathology and cytokine expression
profile compared to those of rabbit and human lesions (11, 12).
Mice can be infected with T. pallidum subsp. pallidum, but they
fail to develop disease manifestations and are thus of scarce utility
for the study of the disease (13). Nonhuman primates are very
expensive and limited in availability, but they have been used for
the study of syphilis and are the only known experimental host for
T. carateum, the agent of pinta (5, 14, 15). The histopathologies of
early and late pinta lesions in chimpanzees was shown to be very
similar to those of the corresponding human lesions, even though
T. carateum localized mostly in the upper dermis of infected chim-
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panzees, while in humans the pathogen is generally seen in the
epidermis (16).

CLINICAL MANIFESTATIONS OF THE ENDEMIC
TREPONEMATOSES

Yaws

Transmission of yaws, caused by T. pallidum subsp. pertenue, oc-
curs by direct skin contact with an infectious lesion and is facili-
tated by breaks in the skin of traumatic or other etiology (e.g.,
scratches or scabies) (17, 18). The disease generally occurs in trop-
ical areas with an average annual temperature of =27°C (80°F)
and heavy rainfall (Fig. 1). Early clinical manifestations are seen
primarily in children younger than 15 years of age (with a peak
between 6 and 10 years) and living in rural communities with
scarce water supply and a lack of sanitation (19, 20). The name
likely originated from the African word for berry (yaw) or the
Carib word for sore (yaya) (21), but this illness is also known by a
variety of alternative names, such as buba (Spanish), pian
(French), frambesia (from “framboise,” raspberry in French), and
parangi or paru (Malay) (22).

The primary stage of the disease appears after a variable incu-
bation period (mean of 21 days after exposure) as a solitary ery-
thematous papule that can grow into a papilloma of 2 to 5 cm in
diameter by peripheral extension or by coalescing with satellite
papules (23). The lesion is not painful but may be pruritic, and it
is typically covered by a crust that hides an ulcer with raised dark
margins and an erythematous moist center, overall resembling a
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FIG 2 Clinical manifestations of yaws. (A) Early (primary) yaws: infectious skin lesion known as “mother yaw” on the ankle. (B) Early (secondary) yaws:
infectious ulcero-papillomatous lesions on the arm. (C) Early (secondary) yaws: scaly maculae of irregular shape on the knee. (D) Early (secondary) yaws: plantar
hyperkeratosis with painful cracks and fissures. (E) Fusiform swelling of the fourth digit in a yaws patient with dactylitis. (F) Saber shin, caused by chronic osteitis.
(Panels A, C, and D are courtesy of Cynthia Kwakye and the Ghana National Yaws Eradication Program, reproduced with permission. Panel B is courtesy of
Christina Widaningrum-Mkes and the Ministry of Health of Indonesia, reproduced with permission. Panels E and F were originally taken by Laurent Ferradini
and are reprinted from reference 336, published under a Creative Commons license.)

raspberry (hence the African and French names) (Fig. 2A). The
primary lesion, called “mother yaw” (buba madre or mamapian)
is often found on the lower extremities, but can also occur on the
patient’s buttock, arm, face, or hand (24-26). Teeming with
treponemes, the mother yaw is highly contagious and can persist
for weeks or months before healing spontaneously, often leaving a
hypopigmented or depressed area delimited by a dark border (27).
Groups of small dry papules have been reported as the initial man-
ifestation instead of a mother yaw, but the lack of observable pri-
mary lesion is quite rare (28). At this stage, regional lymphade-
nopathy and arthralgia may also occur (25, 29). In the majority of
cases, the primary lesion heals spontaneously before the onset of
yaws’ secondary manifestations, whose appearance is due to the
pathogen’s systemic dissemination during early infection. In 9 to
15% of the patients, however, the mother yaw is still present when
the “daughter yaws” appear. The development of secondary le-
sions can, however, also be delayed as long as 1 to 2 years from the
initial exposure. Secondary papules (pianomas or framboesias),
although smaller, may resemble the mother yaw or may appear as
scaly maculae of irregular shape (Fig. 2B and C, respectively). The
daughter lesions can also expand and ulcerate, releasing a highly
infectious fluid. Flies (Hippelates pallipes) are attracted to the ooz-
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ing fluid, and their involvement in transmission has been pro-
posed but not definitively demonstrated (30-35). Because of cen-
tral healing, the papules may appear ring shaped (tinea yaws).
Other secondary manifestations include condylomata lata in
moist crevices such as the axilla and groin and a measles-like erup-
tion (25). Hyperkeratotic plaques on palms and soles are common
at this stage, with the latter referred to as “crab yaws” because of
the painful crab-like gait they induce (Fig. 2D) (36). The nature of
the skin lesions is influenced by climatological conditions: in the
warm rainy season, lesions are more numerous and florid than
during drier periods of the year, when patients might present with
atypical scanty macular lesions. Persons living in areas of ende-
micity at higher altitudes or in drier climates frequently will have
“attenuated” or small, dry lesions on the extremities, with more
exuberant lesions being seen only in moist folds of the body (37).
During the early stages, periostitis and osteitis may affect the
bones of the upper and lower limbs (tibia, fibula, and forearm)
and the proximal phalanges of fingers and toes, resulting in bone
pain and digital swelling (Fig. 2E) (38). At this stage, fever and
malaise are common. The secondary lesions also heal spontane-
ously within weeks or months, and the patient enters the latent
stage of the infection, which can be recognized only through
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serological tests and will, unless treated, last for a lifetime. Re-
currences (generally one or two) of secondary manifestations
might be seen up to 5 years after the initial infection, although
relapses after 10 years have been reported (23, 29). Approxi-
mately 10% of untreated patients will develop tertiary yaws,
characterized by subcutaneous gummatous nodules, chronic
periostitis that can cause apparent bowing of the tibia (i.e.,
saber shin) (Fig. 2F), and destructive processes leading to sad-
dle nose and perforation/collapse of the palate and nasal sep-
tum (i.e., gangosa) (29, 39). Bilateral hypertrophic periostitis
of the paranasal maxilla and nasal bridge causes the clinical
manifestation known as goundou (40, 41).

In contrast to syphilis, yaws is reported to affect neither the
cardiovascular system nor the central nervous system (CNS), nor
to be vertically transmitted to the fetus. These statements are chal-
lenged by several studies, including those of Edington (42) and
those reviewed by Roman and Roman (43-45). Edington identi-
fied a syphilis-like aortitis as a major cause of cardiovascular death
in persons from a region of the Gold Coast (now Ghana) where
yaws is endemic (42). Roman and Roman reviewed the literature
on CNS, cardiovascular, visceral, and congenital infection in yaws
patients and concluded that there is ample evidence to support the
involvement of the CNS, cardiovascular system, eyes, and fetus
during yaws infection (43). The striking similarity between T. pal-
lidum subsp. pallidum and T. pallidum subsp. pertenue infections,
and resulting uncertainty, is exemplified by the Haiti B strain,
which was isolated from a “typical frambesiform yaws” lesion on
the lower abdomen of an 11-year-old boy in Haiti in the 1950s (5).
This strain was shown to fail to cross the placenta in a guinea pig
model of congenital syphilis, and these results were stated to con-
firm the lack of placental invasion by T. pallidum subsp. pertenue
strains (46). Once molecular signatures for the subspecies had
been identified, however, it was shown that the Haiti B strain is
really a T. pallidum subsp. pallidum strain, rather than T. pallidum
subsp. pertenue, reminding us that different clinical characteristics
may not be absolutely related to subspecies but may be affected by
the nature of the strains, by the individual host, or by other unde-
fined environmental variables. A milder or “attenuated” form of
yaws, characterized by smaller and fewer papillomas of shorter
duration localized in the moist skin folds, has been described in
areas where disease incidence was reduced by mass treatment
campaigns (37, 47). In these settings, a reduction in the occur-
rence of the most severe tertiary manifestations was also noted.
This phenomenon might be due, however, to improved sanitation
or health care in these areas, which would allow for reduced trans-
mission and earlier diagnosis and treatment, rather than to a less
virulent agent.

Bejel (Endemic Syphilis)

Bejel is the Arabic name for endemic (or nonvenereal) syphilis and
is caused by T. pallidum subsp. endemicum. Acute infection is seen
primarily in children between 2 and 15 years of age in dry, arid
climates (Fig. 1). Additional names for the disease are njovera
(Zimbabwe), belesh or bishel (Saudi Arabia), and dichuchwa (Bo-
tswana) (48-50). Although the mode of transmission has not been
adequately studied, it is believed to occur through mucosal and
skin contact or the sharing of eating utensils or drinking vessels.
The fomite hypothesis is supported mainly by microscopic visu-
alization of spirochetes on a recently used drinking vessel, de-
scribed by Grin (51). Given that there are many spirochetes in the
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mouth that may be impossible to differentiate by microscopy, this
mode of transmission of T. pallidum subsp. endemicum remains
unproven.

In contrast to the other treponematoses, bejel’s primary lesion
is often unobserved. When seen, however, it appears as a small and
painless mucous papule or ulcer that develops in the oral cavity or
nasopharynx. A primary lesion was also reported on the nipple of
a nursing woman and in the genital regions of adults (51-53), as
has been commonly reported for venereal syphilis. Secondary le-
sions are very similar to those of venereal syphilis and may mani-
fest as mucous patches on the oral mucosa (Fig. 3A), tonsils,
tongue (Fig. 3B), lips, and nasopharynx. Split papules at the labial
commissures (angular stomatitis, as in yaws patients) (Fig. 3C),
nonitchy skin eruptions, generalized lymphadenopathy, and lar-
yngitis are common manifestations (54). Secondary skin lesions
include condylomata lata in intertriginous body areas, compara-
ble to those in yaws and syphilis. Maculopapular or papulosqua-
mous lesions, as well as a nonpruritic generalized papular rash,
can be observed in a minority of patients with bejel (54). As in
yaws, osteitis and periostitis of the long bones and hands may
occur, causing nocturnal bone pain. Secondary manifestations
heal in 6 to 9 months, and the disease enters latency (27). The
tertiary stage might manifest earlier (55) than for yaws (6 months
to several years) but, as in yaws, is characterized by gummatous
lesions of the skin, mucosa, and bone that may progress to de-
structive ulcers (52). Skin lesions resolve in time and leave char-
acteristic depigmented scars surrounded by hyperpigmentation.
Destructive lesions of the palate and nasal septum (i.e., gangosa, as
in yaws) are associated with difficulties in swallowing and talking
(56) (Fig. 3D). Although bone changes (i.e., saber tibia) are com-
mon, they have been described as less severe than in yaws. Neuro-
logical and cardiac involvement, as well as congenital transmis-
sion, have been reported as being rare in bejel. In 1989, however,
Tabbara et al. (57), found evidence of uveitis in 13 of 17 patients
with tertiary bejel, signs of optic atrophy in six patients, and cho-
roidal atrophic scars or healed chorioretinitis in another six. Ad-
ditionally, Grin (51) described second trimester miscarriage (as
seen in congenital syphilis) in bejel-infected women occurring at
rates significantly higher than those for healthy women (in whom
miscarriage typically occurs during the first trimester). An atten-
uated form of bejel was described in 1984 by Pace and Csonka in
Saudi Arabia (56, 58). In these patients, early lesions are reduced
in number, severity, and duration, and the disease is often mani-
fest as leg pain with radiological evidence of osteoperiostitis (56,
58).

Pinta

Pinta (from pintar, to paint) is also known as mal de pinto (in
Mexico and Cuba), enfermedad azul (blue illness, in Chile and
Peru), and carate or cute (in Venezuela and Colombia). Caused by
T. carateum, it is regarded as the mildest of the treponematoses, in
that its lesions are limited to the skin and there is no evidence of
systemic involvement or vertical transmission (44, 59-61). The
disease is found focally in tropical Central and South America
(Fig. 1). Because no laboratory strain of this pathogen is currently
available for studies, T. carateum is the least characterized of the
agents of the human treponematoses and is still classified inde-
pendently from the other T. pallidum subspecies, whose genetic
and antigenic relatedness has been experimentally demonstrated.
The precise mechanism of transmission is unknown, although
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FIG 3 Clinical manifestations of bejel. (A) Early bejel: labial mucosal plaques. (B) Early bejel: lingual plaques. (C) Angular stomatitis of early bejel, which also
may occur in yaws. (D) Late bejel rhinopharyngitis mutilans (gangosa), which also occurs in yaws. (Panels A and B are courtesy of Emmanuel Galoo, reprinted
from reference 337 with permission. Panel C is reprinted from reference 23 with permission of the publisher. Panel D is reprinted from reference 26 with

permission.)

repeated skin-to-skin contact appears to be the most plausible
(62). Young adults (=15 years old) with chronic skin lesions are
considered to be the disease’s main reservoir (54, 59, 62). Pinta
also appears to be transmitted to infants from their mothers by
close contact. As in the other treponematoses, early and late stages
can be identified, although in this case overlapping stages are not
uncommon (23, 59). The primary lesion manifests as a papule or
an erythemato-squamous plaque on exposed parts of the body,
after an incubation period varying from 1 week to 2 months. Sat-
ellite lesions may be present. With time, the papules increase in
size and coalesce to form patches with a pale center (Fig. 4A) (61).
After months, many of the patches become hypochromic or ac-
quire a light-blue/grayish pigmentation, with the color more
marked at the center of the lesion. The initial lesions may either
heal, leaving a slightly pigmented or hypochromic area, or persist
for years and become indistinguishable from the secondary le-
sions (61). Regional lymphadenopathy is common at this stage.
After months or years, small disseminated secondary lesions
(called pintids) may appear in the form of scaly papules that will
again enlarge and coalesce in psoriasiform plaques (Fig. 4B).
These plaques might become hypo- or hyperchromic, as well as

erythematous or desquamative (62). Different types of pintids
might be present at the same time in the same individual. This
stage usually lasts 2 to 4 years, during which some patches will heal
and others will persist and enlarge. The late stage usually develops
2 to 4 years after initial infection and is characterized by the ap-
pearance of pigmentary changes, skin atrophy, and hyperkerato-
sis. Symmetric depigmented lesions can appear over wrists, el-
bows, and ankles. Early pinta lesions contain a large number of
treponemes, and treponemes persist in later lesions. With the ex-
ception of late depigmented lesions (Fig. 4C), pinta lesions are
considered infectious (54).

Histopathology of Endemic Treponematoses

The inflammatory infiltrate of early yaws lesions is composed
mainly of plasma cells and lymphocytes and less commonly neu-
trophils and eosinophils (63). In contrast with venereal syphilis,
the blood vessels show limited or no endothelial proliferation.
With the aid of silver staining, treponemes can be visualized in the
intercellular spaces of the epidermis, among inflammatory cells,
and within the dermis. The histopathology of late yaws lesions

FIG 4 Clinical manifestations of pinta. (A) Early pinta: erythematous-squamous plaque. (B) Early pinta: hyperpigmented lesions of pinta. (C) Late pinta:
depigmented lesions on hand. (Panels A and B are reprinted from reference 23 with permission of the publisher. Panel C is reprinted from http://itg.content-e
.eu/Generated/pubx/173/treponematoses/pinta.htm with permission from the Institute of Tropical Medicine-Antwerp).
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resembles that of tertiary syphilis, with the presence of granulo-
mas associated with necrotic areas (64, 65).

The histopathology of early bejel lesions is reported to resemble
closely that of venereal syphilis. The dermal inflammatory infil-
trate is located perivascularly and is composed of lymphocytes and
plasma cells. Granulomas consisting of epithelioid cells and multi-
nuclear giant cells might be present (25, 65). With regard to the
histopathological picture of late bejel lesions, one study of three
cases of late mutilating disease showed parakeratosis, acanthosis,
spongiosis, and an inflammatory infiltrate of epithelioid cells,
lymphocytes, and plasma cells (48), again similar to syphilis.

Primary and secondary pinta lesions are histopathologically
similar and are characterized by mild acanthosis and spongiosis
(25). The inflammatory infiltrate localizes in the upper dermis
around enlarged blood vessels and is composed of lymphocytes,
plasma cells, and neutrophils. Melanophages can also infiltrate the
dermis (25, 62, 65). The histopathology of the pintids differs ac-
cording to their appearance. Parakeratosis and acanthosis are
more evident in psoriasiform lesions. Late pinta lesions are char-
acterized by pigmentary changes due to a decrease of melanin in
the basal cell layer of the epidermis. Hyperchromic lesions show
pigment deposition in the dermis, epidermal atrophy, and accu-
mulation of melanophages and lymphocytes in the dermis (66).
Hypochromic and leukodermic lesions show epidermal atrophy
and lack of melanin in the epidermis. Perivascular lymphocytic
infiltrates are common in late pinta. Treponemes have been dem-
onstrated in all other types of lesions except late depigmented
lesions (25).

Treponemal Infections and HIV

The interaction of T. pallidum and human immunodeficiency vi-
rus (HIV) in coinfected individuals is poorly understood and has
been examined only in the setting of syphilis. Rompalo et al. re-
ported that HIV coinfection may have a limited effect on the clin-
ical manifestations of primary and secondary syphilis: patients
with primary syphilis and HIV tended to exhibit multiple ulcers at
the site of inoculation more frequently than HIV-negative pa-
tients, and HIV-infected individuals presented more often with
unhealed primary ulcers along with secondary manifestations
(67). The cutaneous rash that is commonly associated with sec-
ondary syphilis has occasionally been reported to be atypical in
HIV-infected patients (68, 69). The prevalence of neurosyphilis
was shown to be higher in HIV-infected patients with low CD4™
counts than in HIV-negative individuals with syphilis (70, 71).
Several reports of false-positive and false-negative results on sero-
logical tests for syphilis in HIV-infected patients might suggest
that the specificity and sensitivity of these diagnostics methods
could be altered in these individuals (72-77), although this is not
a common finding. Furthermore, according to study by Ghanem
et al., HIV-infected patients treated for syphilis may be at higher
risk for serological failure (78). Nothing is known about the effect
of concurrent HIV infection on the clinical manifestations or re-
sponse to treatment of yaws and endemic syphilis, although HIV
does exist in countries where the endemic treponematoses are
found (79). Given the similarities between venereal syphilis and
the endemic treponematoses, health care providers involved in
diagnosis and treatment of these diseases should be aware that
HIV infection might affect the manifestations, diagnosis, and
treatment of yaws and bejel.
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ON THE ORIGIN OF TREPONEMATOSES

Three main hypotheses currently address the origin, evolution,
and global spread of syphilis and the endemic treponematoses: the
Columbian, pre-Columbian, and Unitarian hypotheses.

The Columbian Hypothesis

The Columbian hypothesis is the most widely known and asserts
that syphilis originated in North America and was brought to
Europe by Columbus and his crew following their journey to the
New World in 1492. This hypothesis finds its strongest advocates
in paleopathologists who claim that the absence of skeletal evi-
dence of syphilis infection in continental Europe prior to Colum-
bus’ journey excludes Europe as the site of origin of syphilis (80—
83). Based on the analysis of skeletal remains of Homo erectus, for
example, Rothschild et al. proposed that treponematoses origi-
nated in East Africa during the Pleistocene era (1.5 million years
ago) in the form of yaws (83, 84). According to his hypothesis, the
other two T. pallidum subspecies evolved from the yaws trepo-
neme during its dissemination to Asia, where bejel first appeared,
and then to North America, where approximately 8,000 years ago
syphilis evolved from bejel (83). Reported cases of osseous signs of
syphilis infection in the pre-Columbian Old World (85-87) have
generally been met by “Columbianist” paleopathologists with
skepticism regarding the accuracy of the diagnosis and epidemio-
logical context (83), although some investigators find this evi-
dence convincing of the existence of syphilis in the Old World
before Columbus’ time (88). In 1988, Baker and Armelagos con-
tested the presence of specific signs of syphilis infection in the New
World and proposed a variant of the Columbian hypothesis, ac-
cording to which venereal syphilis quickly evolved in the Old
World from a nonvenereal infection carried to Europe by Colum-
bus’ crew (89).

The Pre-Columbian Hypothesis

Supporters of the pre-Columbian hypothesis believe that syphilis
existed in the Old World prior to 1493 but that it was misdiag-
nosed as leprosy or other illnesses (88, 90). With regard to disease
evolution, Hackett, perhaps the most renowned “pre-Columbian-
ist,” proposed that because of its longest period of infectiousness,
pinta was the earliest of the known treponematoses to appear in
Africa or Asia, possibly as a zoonotic infection. According to
Hackett, pinta was estimated to have reached global distribution
(with the exception of Europe and part of northern Asia) by
~15,000 BC (91) but was subsequently isolated in the Americas as
the result of the flooding of the Bering Strait. In parallel, the
warmer and moister environmental conditions in Africa and Asia
would have favored the emergence of yaws from pinta around
10,000 BC. Bejel developed approximately 3,000 years later (7,000
BC), to then spin off syphilis at around 3,000 BC in Southwest Asia
(91). According to Hackett, syphilis reached North Africa and
Europe between then and the first century BC but spread widely
through the rest of the world as a consequence of the intensive
European exploration and colonization initiatives of the 16th cen-
tury, which were also responsible for dissemination of yaws to the
Americas and part of Asia (91).

The Unitarian Hypothesis

Proposed by Hudson in 1963 on the basis of skeletal signs of dis-
ease, the Unitarian hypothesis states that all venereal and non-
venereal treponematoses are caused by the same pathogen and
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that the distinct clinical manifestations associated with these dis-
eases are due primarily to differences in climatic conditions of the
area where the disease is contracted and to social habits of the
residing population (93, 94). According to Hudson, treponema-
toses originated in the humid and hot climate of sub-Saharan
Africa during the Paleolithic era, primarily affecting children and
being transmitted through skin-to-skin contact. In this area, the
disease would manifest with the symptoms that we classically as-
sociate with yaws. Migrating populations carried the infection to
drier areas, inducing the clinical manifestations to localize mainly
in the moist body folds (e.g., mouth, armpits, and crotch), as
typically seen in endemic syphilis. In the tropical areas of the
Americas, the disease would again manifest as “yaws.” Since
~4,000 BC, the improvements in personal and community hy-
giene that followed urbanization allowed more and more individ-
uals to reach sexual maturity without prior exposure to trepo-
nemes, so that the sexual route became an important mode of
transmission, resulting in the manifestations that we commonly
associate with venereal syphilis (93, 94).

Despite being initially supported by the apparent lack of genetic
and antigenic diversity among the human treponemes, the Uni-
tarian hypothesis was progressively abandoned as genomic inves-
tigation of a limited number of existing strains permitted the iden-
tification of subspecies-specific genetic signatures (see also
“Direct Detection Methods” below). It was hypothesized that
these genetic differences among subspecies might be related to the
different clinical manifestations of these diseases and support the
classification of the T. pallidum subspecies into distinct groups
(95-99). Phylogenetic analysis using genomic data only partially
helped to solve the complex problem of the origin of treponema-
toses. In 2006, a study by Gray et al. (97) that evaluated the role of
gene conversion in the evolution of six genes encoding putative
virulence factors in T. pallidum subspecies, all members of the T.
pallidum repeat (tpr) gene family, did not support a dramatically
older origin of yaws compared to syphilis, as is required by Roth-
schild’s theory (83). In this study, Gray et al. emphasized that their
results were more consistent with Hackett’s hypothesis of a nearly
coincident evolution of these pathogens (~12,000 years for the
agent of pinta to evolve into the agent of syphilis), in contrast to
the longer evolutionary pathway proposed by Rothschild (~1.5
million years for the agent of yaws to evolve into the agent of
syphilis). Furthermore, the analysis by Gray et al. suggested that
the degree of genetic variability seen among T. pallidum subsp.
pallidum strains was too great to support evolution of syphilis
within the last ~500 years (97), as proposed by the alternative
Columbian hypothesis of Baker and Armelagos (89). This conclu-
sion was also supported by de Melo et al., who, by combining the
analysis of genomic data and osteological evidence of treponema-
toses prior to the European arrival to the New World, dated the
appearance of syphilis between 16,500 and 5,000 years ago, though
without providing any hypothesis on the place of origin (100).
Although this finding was not in conflict with Rothschild’s pro-
posed timeline for syphilis appearance, de Melo et al. rejected
Rothschild’s hypothesis that the treponematoses as we know them
today arose more than a million years ago in the Pleistocene and
postulated that the treponematosis diagnosed in H. erectus (84)
was caused by an ancestral treponemal pathogen (100).

Harper et al. reported a phylogenetic analysis based on 20 poly-
morphic regions in the T. pallidum genome (96). By combining
genetic data and geographic information about the strains (in-

96 cmr.asm.org

cluding two yaws strains from Guyana that, however, were only
partially sequenced because of nucleic acid degradation), the au-
thors postulated that T. pallidum arose in the Old World as a
nonvenereal disease similar to yaws and then spread to the Middle
East and Eastern Europe, where it evolved into bejel, and then to
the Americas as a New World yaws, with the last representing the
progenitor of modern syphilis. T. pallidum’s reintroduction into
the Old World was attributed to the European explorations of the
Americas (96). The theory of Harper et al., clearly more similar to
Rothschild’s, lacks evidence of the existence of venereal syphilis in
the Dominican Republic (and the New World in general) at the
time of Columbus’ arrival, despite Rothschild’s claimed certainty
of it (102). The work by Harper et al. was criticized by Mulligan et
al., who, upon reanalysis of Harper’s published data, argued that
no evolutionary order could be inferred, in that strains of all three
subspecies branched at the same time from the tree’s most basal
branch (103). Furthermore, Mulligan et al. received with skepti-
cism the hypothesis that syphilis evolved from New World yaws,
given that this theory was based solely upon the homology of two
single nucleotide polymorphisms (SNPs) in the degraded Guyana
samples with the group of T. pallidum subsp. pallidum strains
(103). The dilemma of the origin and evolution of treponematoses
might find additional clarity when whole-genome sequences of T.
pallidum strains are analyzed instead of subsets of genes or poly-
morphic genomic regions. The feasibility of this approach is be-
coming more concrete, given the accumulation of treponemal ge-
nome sequences made possible by modern high-throughput
sequencing technologies.

Genetic Diversity and Pathogenesis of Human
Treponematoses

Aside from establishing phylogenetic relationships among trepo-
nemal species and subspecies, the aid of comparative genomics
was also sought to explain the lower degree of virulence associated
with T. pallidum subsp. pertenue than with T. pallidum subsp.
pallidum. Unlike syphilis, yaws is said not to be vertically trans-
mitted or to affect the central nervous system, rather being limited
to skin, joints, soft tissues, and bones. The very limited genetic
diversity between these pathogens was already established in the
1980s, when hybridization experiments were performed using
DNA from yaws and syphilis strains (1). The results of these ex-
periments suggested that the degree of genomic diversity between
these pathogens was lower than the limit of resolution of the tech-
nique (2% of genomic diversity), and this led to the reclassifica-
tion of these pathogens into subspecies instead of distinct species,
as they had been previously, based upon clinical manifestations
and epidemiology (2). Antigenic (and therefore genetic) diversity
between these pathogens was supported, however, by the evidence
that experimental rabbit infection with a given pathogenic trepo-
neme will induce protective immunity against reinfection with
many strains of the homologous subspecies but not with a differ-
ent treponemal species or subspecies (5). Although genetic signa-
tures specific for yaws and syphilis treponemes have been de-
scribed over the last 20 years (see “Direct Detection Methods”
below) (99, 104-109), it is only recently that the genome se-
quences of three T. pallidum subsp. pertenue strains (Gauthier,
CDC-2, and Samoa D) were determined and compared to the
then-available genomes of T. pallidum subsp. pallidum strains
(Nichols, DAL-1, SS14, and Chicago) (110). Soon, additional
strains of T. pallidum subsp. pallidum (Mexico A and Sea 81-4)

Clinical Microbiology Reviews


http://cmr.asm.org

and T. pallidum subsp. endemicum (Bosnia A) will be available for
extensive comparative analysis to improve our fragmentary
knowledge on this aspect of human treponematoses (110-116; L.
Giacani and A. Centurion-Lara [unpublished data] and B.
Staudovd, L. Giacani, and D. Smajs [unpublished data]).

The published work showed that genomes of yaws and syphilis
treponemes share 99.8% overall identity, as well as identical orga-
nization and nearly identical sizes (110). This evidence induced
Cejkova et al. (110) to propose that small genetic changes in key
genes among these organisms could be responsible for the re-
ported differences in disease pathogenesis. Compared to syphilis
strains, “yaws-specific” nonsynonymous mutations (able to in-
duce amino acid substitutions and/or major sequence changes in
the coded protein) were identified in a total of 297 genes, 34 of
which were predicted to code for proteins with 6 or more substi-
tutions and/or major sequence changes (110). Among the anno-
tated functional genes that showed the highest number of se-
quence changes between yaws and syphilis subspecies, interest was
drawn by the following: the TPE0136 gene, reported to code in T.
pallidum subsp. pallidum for an outer membrane protein (OMP)
involved in attachment to the fibronectin component of the host
extracellular matrix; the TPE0488 gene, known to code for a meth-
yl-accepting chemotaxis protein (Mcp); and the recQ helicase
gene, which is important in genome maintenance and repair. The
TPE0326 gene, which encodes a treponemal (-barrel assembly
machinery A (BamA) ortholog, and the arp gene, shown to con-
tain a 60-bp repetitive sequence in its central region and to code
for a fibronectin-binding protein, were also identified as worthy of
further investigation (110, 117, 118). The arp gene had been pre-
viously reported by Harper et al. (95) to contain up to four differ-
ent types of 60-bp repetitive sequences (named types I, 11, II-I1I,
and I1I) in T. pallidum subsp. pallidum isolates, while T. pallidum
subsp. pertenue and T. pallidum subsp. endemicum carry only type
I repeats, suggesting a role for this protein in disease pathogenesis.

Among the genes showing =6 amino acid substitutions and/or
major sequence changes, eight of the 12 #pr genes (tprA, -C, -D, -F,
-1, -], -K, and -L) were found. The Tpr proteins represent candi-
date virulence factors that have been the focus of intense investi-
gation since their discovery in the late 1980s. These antigens may
play an essential role during infection, although their specific
functions are yet to be determined. Several studies showed that the
Tpr antigens are expressed during infection and are able to elicit
marked humoral and cellular immune responses in the infected
host (119-124). Of the encoded Tpr antigens, TprA, -B, -C, -D, -F,
-1, -E, -J, and -K are predicted to be OMPs (123, 125, 126), and
surface exposure of these antigens is supported by the evidence
that anti-TprK immune sera, for example, can opsonize T. palli-
dum subsp. pallidum (125). Immunization experiments with re-
combinant TprK, TprC/TprD, and TprF/Tprl peptides resulted in
marked attenuation of lesion development following infectious
challenge (121, 125, 127-129). TprK undergoes antigenic varia-
tion during infection, and newly arisen variants are selected by the
adaptive host immune response as infection progresses, which is
strongly suggestive of a role for this antigen in immune evasion
(130-135). A recent detailed study by Centurion-Lara et al., high-
lighting the remarkable sequence diversity in the tpr gene family
among and within T. pallidum species, subspecies, and strains,
underscored the possible implications for the distinct clinical
manifestations of human treponematoses (99).

Although the question of the contribution of genetic differences
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to the pathogenesis of the human treponematoses is far from be-
ing answered, additional comparative genomics studies are cer-
tainly warranted, particularly as T. pallidum subsp. endemicum
genomes become available (Staudové et al., unpublished data).
Comparative genomics studies have already been performed to
address the issue of host specificity among treponemal species and
have focused on the comparison between T. pallidum subsp. pal-
lidum strains and T. paraluiscuniculi, the causative agent of rabbit
venereal syphilis (115, 136). T. paraluiscuniculi is reportedly not
infectious to humans, despite its genetic relatedness to syphilis
isolates (137, 138). Upon sequencing of the T. paraluiscuniculi
(Cuniculi A strain) genome, hypotheses were drawn on the likely
role of genome decay and pseudogene accumulation (compared
to syphilis strains) in determining T. paraluiscuniculi’s loss of in-
fectivity for humans (115). Remarkably, in the Cuniculi A strain,
five out of 10 tpr paralogs were found to be pseudogenes, again
highlighting the likely importance of these putative virulence fac-
tors in host adaptation and disease pathogenesis (115, 139).

A Critical Assessment of the Unitarian Hypothesis

As mentioned above, the Unitarian hypothesis on the origin of
treponematoses states that the agents of syphilis, yaws, bejel, and
pinta are in reality the same microorganism and that differences in
disease manifestations reflect climatic and social differences in-
herent to the region in which the disease is contracted (93, 94).
Could the very low genomic diversity (~0.2%) among the syphilis
and yaws strains examined to date be used to argue that, indeed,
these pathogens are the same? Overall, the same genomic studies
that aimed to identify pathogenesis-related differences between
yaws and syphilis isolates concluded that the classification of these
treponemes into distinct subspecies is based on very subtle differ-
ences (110, 117). At the genomic level, even T. paraluiscuniculi
differs by <2% from T. pallidum subsp. pallidum isolates, which
could argue for its reclassification as a T. pallidum subspecies,
despite its different host specificity (115).

Debates have focused on whether the modes of transmission
and clinical manifestations that accompany yaws and syphilis are
really different. Syphilis is said to be transmitted sexually, but
many examples demonstrate that alternative routes of infection
are also used by T. pallidum subsp. pallidum. Such examples, in the
past century, include digital infection of dentists via direct contact
with oral lesions of patients with syphilis (140), infection of the
nipple in wet nurses via oral lesions in infected infants, and reports
of infants and young children infected by syphilitic caregivers
through close contact, common use of eating utensils, mouth-to-
mouth transfer of prechewed food, or, in one case, contact with a
contaminated object (i.e., a used condom found in a park). Al-
though sexual abuse cannot be ruled out with absolute certainty,
nonsexual routes of transmission were considered most likely in
these cases (141-147). Yaws is generally transmitted by skin-to-
skin contact during childhood, and infectious lesions usually re-
solve before sexual maturity; thus, sexual transmission might be
possible but is not frequently described. That said, a review of
“sibbens” in Scotland, which is thought to be very similar to yaws,
contains many descriptions of lesions in many anatomical sites,
including the genitals (148). The similarities between “sibbens”
and syphilis lesions have been remarked upon since the late 1790s
by Foderé (149), McBride (150), and Hibbert (151). Grin’s mono-
graph on endemic syphilis in Bosnia (51) reveals an infection that
can be manifest as genital lesions resulting from sexual transmis-
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sion, as well as being passed from one child to another through
skin-to-skin contact or from mother to child via oral lesions. Fur-
ther, Grin reported higher rates of second-trimester spontaneous
abortion in women with bejel than in uninfected women. Al-
though no analysis of fetal tissue samples or sera was performed to
ascertain the presence of treponemes or antitreponemal antibod-
ies in the study by Grin (51), this finding could be suggestive of
transplacental transmission of bejel. As clearly stated by Mulligan
et al., “mode of transmission appears to be defined by opportu-
nity, rather than biology” (i.e., genomic differences between sub-
species) (103).

With regard to clinical manifestations, it is well recognized that
the lesions of primary and secondary syphilis can vary tremen-
dously in size and appearance, from barely visible macular lesions
to the numerous ulcers characteristic of “malignant syphilis.” Al-
though the skin lesions of yaws are typically described as raised
“berry-like” lesions, compared to the ulcer or maculo-papular
rash most typical of syphilis infection, reports of less severe yaws
lesions in patients living in drier climates can be found (37). Con-
dylomata lata, which arise in moist body folds, are seen in endemic
syphilis and yaws and are indistinguishable from venereal syphilis.
These observations support the notion that lesion type is depen-
dent upon the anatomical microclimate rather than the causative
subspecies. Further, gummatous destruction of bone and cartilage
is well recognized in the tertiary stages of all human treponema-
toses except pinta.

The most highly cited differences between venereal syphilis and
the endemic treponematoses involve dissemination to the CNS
and the fetus. It is commonly stated that only syphilis can lead to
CNS involvement and congenital infection; however, numerous
pieces of evidence for CNS, cardiovascular, and congenital infec-
tion in yaws were reviewed by Roman and Roman (43). As
mentioned above, Grin (51) provided evidence for congenital in-
fection in bejel. It is important to remember that the endemic
treponematoses are found largely “at the end of the road,” where
medical expertise is limited (152). Is it likely that the association
between a childhood infection that is extremely common in some
communities, and is one of many concurrent infections in this
population, would be recognized as a cause of such rare sequelae
as dementia many years later? Certainly, lumbar punctures for
cerebrospinal fluid (CSF) examination would be unlikely to be
conducted in these settings. Virtually all of our current clinical
knowledge about the endemic treponematoses is a remnant of
investigations conducted decades ago. Although there are ongo-
ing yaws eradication programs today, there have been virtually no
well-controlled studies of etiologically confirmed clinical mani-
festations or modern examinations for findings such as CSF ab-
normalities or visual and hearing loss, as are seen in some persons
with syphilis in developed countries. Even in developed countries,
CSF and more subtle neurological abnormalities are neither
sought nor recognized in most syphilis patients.

An example of the imprecision of etiological assignment based
on clinical manifestations is given by the Haiti B strain mentioned
above, which was originally identified as a yaws strain based upon
clinical manifestations and epidemiological factors (5) but was
subsequently demonstrated to carry multiple genetic signatures
consistent with T. pallidum subsp. pallidum, rather than T. palli-
dum subsp. pertenue (105, 108, 153). This finding clearly demon-
strates that clinical characteristics do overlap among infections
caused by the T. pallidum subspecies and cannot be strictly as-
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signed to one subspecies. This “blending” of characteristics
among the subspecies is also seen at the genomic level, with the
Mexico A strain as an example. This strain was isolated from a
typical primary chancre in 1953 (5), and it was thus thought to be
a T. pallidum subsp. pallidum strain. We had shown that this strain
(along with another T. pallidum subsp. pallidum strain, Sea 81-3)
has a tprC (TP0117) molecular signature in common with T. pal-
lidum subsp. endemicum strains (109) and unlike that in other T.
pallidum subsp. pallidum and T. pallidum subsp. pertenue strains.
More recently, we showed that the Mexico A strain shares a tprG
locus (TP0317) hybrid gene with T. pallidum subsp. pertenue,
compared to the other subspecies (99). Following the elucidation
of the T. pallidum subsp. pallidum Mexico A strain genome,
Pétrosova et al. noted two other genes, TPaMA0326 (tp92) and
TPaMAO0488 (mcp2-1), which combine T. pallidum subsp. palli-
dum- and T. pallidum subsp. pertenue-specific nucleotide se-
quences (114). The observed mosaic character of these genes
prompted them to examine a series of circumstances that might
have resulted in the appearance of such gene sequences, and the
authors suggested that these hybrid loci are likely the result of
interstrain horizontal gene transfer between T. pallidum subsp.
pallidum and T. pallidum subsp. pertenue strains during concur-
rent infection of a single host (114). DNA acquisition by lateral
gene transfer (LGT) is an important mechanism for natural vari-
ation among prokaryotes, and recent advances in the phylogenetic
analysis of microbial genomes reveals a substantial impact of LGT
during microbial genome evolution (154, 155). However, remark-
able physical and genomic barriers exist to restrict DNA transfer
between cells and its integration into the recipient’s chromosome,
thus limiting the acquisition of new genes (156, 157). To date there
are still not enough data to support any of the four known pro-
karyotic LGT mechanisms (conjugation, transduction, gene
transfer agents, and transformation) (156, 158-160) in patho-
genic treponemes.

The recent evidence presented by Centurion-Lara et al. (99)
that there is significant variability in some tpr gene sequences
among strains of the same subspecies and, conversely, that some
unusual “hybrid” tpr alleles can be found in multiple subspecies
discloses a genetic elasticity that is inconsistent with the existing
nomenclature. As more strains are examined, more “exceptions to
the rule” are identified. Accumulating evidence suggests that,
rather than belonging to discrete categories of pathogens, the
agents of human treponematoses might be placed in a single
group, comprising agents able to cause disease with a broad range
of clinical manifestations distributed over a conceptual contin-
uum, from dermal lesions alone to destructive multiorgan in-
volvement. This kind of disease spectrum has long been recog-
nized in syphilis (“the great imitator”), and the inclusion of the
“nonvenereal” treponematoses within that spectrum is possible.
The clinical outcome in an infected individual may be influenced
by a combination of the specific genetic traits of the infectious
strain, coupled with genetic and other factors of the host, includ-
ing mutations in immune response genes, age at infection, mode
of transmission, climate, and concurrent infections. Although this
is highly speculative, we do not exclude that in the future, follow-
ing the elucidation of a significantly higher number of treponemal
genomes (including those of T. carateum strains), we might be
able to locate each individual strain in a more precise position in
such a continuum of disease.

In conclusion, it appears to some that the clinical, epidemiolog-
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ical, and even genomic criteria used to differentiate the agents of
yaws and syphilis are rather arguable and that perhaps Hudson’s
Unitarian hypothesis was too quickly dismissed in the excitement
that followed the advent of the treponemal genomic era in 1998
(111). We will leave it to individual readers to ponder whether the
evidence above warrants a reconsideration of the Unitarian hy-
pothesis.

DIAGNOSTIC TOOLS FOR ENDEMIC TREPONEMATOSES

In the absence of laboratory confirmation, the diagnosis of syph-
ilis, yaws, bejel, or pinta has traditionally been based upon the
careful analysis of the patient’s symptoms and signs, in combina-
tion with knowledge of the epidemiological context of human
treponematoses. In the laboratory, the available diagnostic tools
for endemic treponematoses and venereal syphilis are limited to
two generic categories: direct detection of treponemes in biologi-
cal specimens (including molecular assays) and serological tests.
Although serology remains the most common diagnostic method
for treponemal infection, none of the available serological tests is
able to differentiate among the agents of these diseases. This ability
is currently limited to molecular methods that target genetic sig-
natures thought to be specific to each subspecies. The practical
utility of most of these diagnostic tests is further complicated by
the lack of advanced laboratory services in the regions where the
endemic treponematoses are most common. A brief overview of
the diagnostic tools available for human treponematoses is given
below, considering their applicability in resource-limited settings.

Serological Tests

Serological tests for syphilis (and the endemic treponematoses)
are divided into so-called “nontreponemal” and treponemal tests,
based on the antigens recognized during the reaction (161).
Alone, neither type of test is considered to be sufficient for diag-
nosis, and the use of a nontreponemal test (for screening pur-
poses) needs to be combined with a treponemal test to confirm the
initial result. Nontreponemal tests use a mixture of lipid antigens
to detect antibodies present in sera of patients with treponemal
infections. The most common nontreponemal tests include rapid
plasma reagin (RPR) and, decreasingly, the Venereal Disease Re-
search Laboratory (VDRL) test. Both are flocculation tests whose
results are read with the aid of a microscope (VDRL) or with the
naked eye (RPR). Although these tests are inexpensive and widely
available, their limitations include false-positive reactions (gener-
ally associated with increased age, unrelated infections, or auto-
immune disorders) (161, 162), as well as false-negative results in
very early disease, and the possibility of prozone reaction (161,
163). Quantitation of these tests (by evaluating serum dilutions to
determine a reactivity endpoint) permits determination of an an-
tibody titer to monitor treatment response: a 4-fold decrease in
antibody titer following therapy indicates successful treatment,
while a 4-fold rise in serum titer is usually associated with reinfec-
tion or treatment failure (161).

Treponemal tests are based on antibody reactivity toward native
or recombinant T. pallidum subsp. pallidum antigens and are gen-
erally used in the United States and in many other countries to
confirm a reactive nontreponemal test. However, because trepo-
nemal tests may remain reactive for the patient’s lifetime, even
following treatment, they are not recommended to evaluate re-
sponse to therapy and cannot distinguish between active and past
treated infection. Traditional treponemal tests include indirect
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immunofluorescence assays such as the fluorescent treponemal
antibody-absorbed test (FTA-ABS) (161, 164), agglutination as-
says (e.g., T. pallidum hemagglutination assay [TPHA] and T. pal-
lidum particle agglutination [TPPA]) (165-168), Western and dot
blot assays with native and recombinant antigens (169, 170), and
the more recent automated enzyme immunoassays (EIAs) (171),
chemiluminescent immunoassays (CIAs) (172, 173), and multi-
plex flow immunoassay (MFI) (174). Performing both trepone-
mal and nontreponemal tests in a resource-limited environment
is challenging, due to the need for venipuncture, equipment for
storage of reagents and sample processing, and trained personnel
to conduct and interpret test results. Nonetheless, some modifi-
cation of nontreponemal tests have made their use in resource
limited settings easier (e.g., use of plasma versus serum, heat-sta-
ble antigens) (175, 176). Using a reference laboratory, these tests
were used to evaluate the impact of mass treatment campaigns
against yaws in the late 1980s by Autier et al. (177). These investi-
gators reported that in the Sahelian zone of Mali, 16% of children
were reactive when tested by quantitative VDRL (serum dilution,
=1:8), while 18.7% were TPHA positive prior to mass treatment.
One year after the intervention, the percentage of children reactive
in the quantitative VDRL (=1:8) had decreased to 5.7%, with no
difference in the percentage of children reactive by TPHA (177).
Recently, several “user-friendly” Treponema-specific rapid tests
or point-of-care (POC) tests have become available (178, 179).
These tests generally consist of immunochromatographic nitro-
cellulose strips that carry one or more T. pallidum subsp. pallidum
recombinant antigens mounted on a plastic microfluidic cassette.
Following binding of antigen, antibodies in the patient’s serum are
revealed by dye-labeled anti-immunoglobulins, which trigger the
appearance of a dark line on the nitrocellulose. Unlike the tests
previously described, POC tests require minimal equipment and
training and can be performed using microliters of whole blood
(generally from a fingerstick) as well as serum or plasma, and the
results can be visualized within minutes. A WHO study commis-
sioned to compare the sensitivity and specificity for syphilis of
eight point-of care tests with TPPA and TPHA as reference stan-
dards reported sensitivities ranging between 84.5 and 97.7% and
specificities of 92 to 98% (178), although lower sensitivity was
found for whole blood than for the serum or plasma fractions and
when tests were performed in the field rather than in the labora-
tory (179-181). Despite their lower specificity compared to stan-
dard treponemal tests, the use of POC tests will confer an advan-
tage over standard tests for hard-to-reach populations and where
lab facilities are not available. However, as for all treponemal tests,
POC treponemal tests cannot discriminate between treated or un-
treated disease, and unless a nontreponemal test is performed,
unnecessary treatment may occur. Recently, a dual POC test for
syphilis was developed for simultaneous detection of antibodies
against treponemal and nontreponemal antigens. Castro et al.,
upon evaluating their sensitivity and specificity in comparison to
those of TPPA and RPR, concluded that dual tests could be used
for both screening and confirmatory purposes for the diagnosis of
syphilis (and presumably of endemic treponematoses) in re-
source-poor settings (182, 183). Furthermore, a study performed
with the same rapid dual test on patients with syphilis in China
showed that test sensitivity and specificity are not affected by the
nature of the clinical specimen (whole blood, plasma, or serum) or
by testing outside traditional clinical settings (184). This dual
POC test is currently being evaluated in a mass treatment program
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for yaws in Papua New Guinea (O. Mitja, personal communica-
tion).

Despite those remarkable improvements, the goal of a serolog-
ical test able to differentiate between the agents of syphilis and the
endemic treponematoses is yet to come. Prior to the advent of
comparative genomics, the lack of significant antigenic differences
among T. pallidum subsp. pallidum and other pathogenic trepo-
nemes was mainly supported by immunoblot studies (185-188),
by unsuccessful efforts to identify subspecies-specific epitopes us-
ing synthetic peptides (189), and by the inability to produce sub-
species-specific monoclonal antibodies (190-192). Most of these
studies agreed on the existence of only very subtle antigenic dif-
ferences among these pathogens. Baker-Zander and Lukehart
(185), for example, probed Western blot antigen strips prepared
with whole T. pallidum subsp. pallidum and T. pallidum subsp.
pertenue with sera from syphilis- and yaws-infected rabbits. Al-
though electrophoretic separation of the pathogens’ proteins re-
vealed differences in the banding pattern between the agent of yaws
and syphilis, because these differences were detected with antisera
raised against either pathogen, the authors concluded that these mol-
ecules must contain antigenic determinants shared by the two sub-
species of treponemes. A study by Thornburg and Baseman (186),
contemporary to that of Baker-Zander and Lukehart, aimed to com-
pare protein profiles of T. pallidum subsp. pallidum and T. pallidum
subsp. pertenue using one- and also two-dimensional gel electropho-
resis (2D-GE), radioimmunoprecipitation (RIP), and surface iodina-
tion. In this study, no differences between the subspecies’ antigens
could be appreciated using Western blots or RIP, even though
comparison of 2D protein profiles revealed differences in few mi-
nor (i.e., poorly expressed) treponemal molecules, some of which
are more highly expressed in T. pallidum subsp. pallidum than in
T. pallidum subsp. pertenue but also vice versa. Surface iodination
experiments showed differences in the high-molecular-mass pro-
teins (95 to 50 kDa), with shared antigens generally more strongly
labeled in T. pallidum subsp. pallidum than in T. pallidum subsp.
pertenue. Interestingly, Thornburg and Baseman could not help
but conclude their work by saying that the classically accepted
differences in the clinical manifestations of syphilis and yaws “are
far overshadowed by the extensive biological, chemical, and im-
munological similarities between these treponemes” and suggest-
ing that the importance of host and environmental factors in de-
termining these different disease phenotypes should not be
underestimated (186). Fohn et al. (188) examined the specificity
of antibodies from pinta patients for T. pallidum subsp. pallidum
antigens, highlighting a very high degree of antigenic relatedness
between the two treponemal species. These studies also suggested
that in pinta patients, development of humoral responses against
T. carateum antigens seems to follow a pattern similar to that in
patients with syphilis, where increasing antibody reactivity against
T. pallidum subsp. pallidum antigens is seen with duration of in-
fection in patients with active early disease and reactivity decreases
with longer duration of the latent stage (193-195). This evidence
suggested that similar antigens might be expressed in similar ways
by these two pathogens during infection.

In recent work that focuses on the comparative analysis of the
tpr gene sequences among treponemal species, subspecies, and
strains, however, Centurion-Lara et al. presented evidence that the
tprL gene sequences of the analyzed T. pallidum subsp. pallidum
and T. pallidum subsp. endemicum strains differ from those of the
T. pallidum subsp. pertenue strains (99). According to Centurion-
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Lara et al., a tprL gene of 1,806 bp is present in T. pallidum subsp.
pallidum and T. pallidum subsp. endemicum strains, while a dele-
tion of 278 bp creates an alternative gene start site for tprL in T.
pallidum subsp. pertenue, resulting in a shorter gene of 1,668 bp.
Such differences in coding sequences yield two different predicted
proteins: a shorter T. pallidum subsp. pertenue TprL variant, with
a 44-amino-acid unique amino terminus, and a longer TprL anti-
gen in the remaining species/subspecies with 90 unique amino
acids in the mature TprL protein (including the 25-amino-acid
predicted signal peptide) (99). This finding is currently being eval-
uated in our laboratory by T. Brinck et al. (unpublished data) for
its potential to be developed into a serological test that can differ-
entiate between yaws, and syphilis or bejel infection.

Direct Detection Methods

Dark-field (DF) microscopy and the rabbit infectivity test (RIT)
are historically the best-recognized methods for direct identifica-
tion of treponemes in biological specimens. Lesion exudates con-
tain elevated number of spirochetes that can be visualized under a
DF microscope but not under a conventional light microscope
because of the spirochetes’ small cellular diameter (0.2 wm). DF
microscopy is generally useful in patients with active lesions, par-
ticularly in those who have not yet developed an immune response
against the disease, which makes serological diagnosis premature.
This method, however, needs to be performed immediately after
specimen collection, and its limited sensitivity in healing lesions
may result in false-negative outcomes (161). In the mid-1980s, an
alternative to the use of DF microscopy was offered by the employ-
ment of fluorescently labeled monoclonal antibodies to detect the
syphilis agent in lesion exudates (196-198). This approach was
shown to be equal to DF microscopy in sensitivity and specificity
for the diagnosis of early syphilis, and although it could theoreti-
cally relieve health care personnel from the need to perform DF
microscopy, it would necessarily require the availability of an epi-
fluorescence microscope. These monoclonal antibodies, however,
could not differentiate the T. pallidum subspecies.

The RIT takes advantage of the rabbit’s (Oryctolagus cuniculus)
high susceptibility to infection with T. pallidum subspecies. Bio-
logical material suspected to contain treponemes is injected in-
tratesticularly into the rabbit, and the animal is monitored for
seroconversion over a 3-month period. Although seroconversion
is sufficient to prove the presence of infectious spirochetes in the
original sample, tissue may also be obtained for direct identifica-
tion of treponemes using DF microscopy or molecular methods
(161). The need for injecting the specimen into a recipient rabbit
within 1 h of collection, the time necessary to complete the test,
the need for an animal facility, and the costs of animal use and
husbandry all make this test impractical for diagnosis, even in
modern laboratory settings. RIT is therefore used today as a re-
search tool to assess the efficacy of antibiotic treatments, to deter-
mine the effectiveness of vaccine candidates, and to isolate new
treponemal strains from clinical samples. It should be noted,
nonetheless, that RIT sensitivity is comparable to that of molecu-
lar detection methods (199, 200).

A remarkable number of amplification-based methods have
been developed over the last 2 decades for detection of T. pallidum
subsp. pallidum nucleic acids in biological specimens, even
though none of them is currently commercially available (201-
205). These tests generally employ qualitative or quantitative PCR
alone or PCR followed by amplicon detection with a labeled probe
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to increase the sensitivity and specificity of the assay. Although
designed to diagnose syphilis infection, many of these tests were
also reported to be equally efficacious in detecting T. pallidum
subsp. pertenue DNA. The analysis of the available T. pallidum and
non-T. pallidum strain genomes (98, 110-112, 114) confirmed
that these methods could also be applied to detect nucleic acids
from all of these treponemal strains, but without differentiating
them. Examples of molecular tests include the amplification of the
tmpA (TP0768) and the 4D genes (also known as tpf-1 [TP1038]),
used by Hay et al. (201, 207) or the amplification of the bmp gene
(TP1016) used by Noordhoek et al. (202). The use of qualitative or
quantitative PCR targeting the 47-kDa lipoprotein (TP0574) gene
was also evaluated to diagnose syphilis (199, 203, 208-213).
Since the early 2000s, the T. pallidum subsp. pallidum polA gene
(TP0105) has been widely used as a target for detection of the
syphilis agent according to the protocols of Liu et al. (204) and
Behrhorf et al. (214). Several examples of quantitative amplifica-
tion tests targeting polA are also available (215-217). An alterna-
tive approach to DNA detection was proposed in 1997 by
Centurion-Lara et al., who developed a reverse transcriptase PCR
(RT-PCR) assay followed by probe hybridization to detect T. pal-
lidum subsp. pallidum 16S rRNA, with the rationale that multiple
copies of the 16S rRNA per treponemal cell would increase the
sensitivity of the assay compared to that of amplification-based
methods targeting single-copy genes in the pathogen’s genome
(205).

Multiple efforts have been made to identify genetic signatures
specific for each of the agents of human treponematoses to use in
differential molecular diagnosis. In the pregenomics era, Noord-
hoek et al. were the first to identify a single nucleotide polymor-
phism (SNP) within the TP1038 gene that was thought to differ-
entiate between syphilis and yaws strains (104), although this
signature was later shown not to be a specific trait for either sub-
species (153). In 1998, Centurion-Lara et al. reported the use of a
restriction fragment length polymorphism (RFLP) assay based on
a single nucleotide difference in the 5’ flanking region of the
TP0170 gene (encoding the 15-kDa membrane lipoprotein) to
differentiate T. pallidum subsp. pallidum from the remaining sub-
species (105), but this was unable to discriminate between the
agents of yaws and bejel. A similar RFLP-based method, also lack-
ing discriminatory power for the agents of endemic treponemato-
ses, was developed by Cameron et al. using an SNP within the
glycerophosphodiester phosphodiesterase enzyme-coding gene
(gpd [TP0257]) (107). In the decade that followed the above find-
ings, the accumulation of genetic information on the agents of
human treponematoses permitted development of a molecular
method capable of differentiating among the available syphilis,
yaws, and bejel strains. This method relies on the analysis of the
tprC (TP0117) and tprI (TP0620) genes (109). As mentioned, tpr]
and tprC are members of the T. pallidum repeat (tpr) family of
genes, a group of 12 paralogs (named #prA to -L) that became the
object of intensive investigation following their discovery (111,
125). Most importantly, evidence that polymorphic tprC, -D, -G,
-], -A, and -L alleles could be found among T. pallidum subsp.
pallidum strains (99, 106, 121-123, 218) prompted extension of
the investigations of these genes to subspecies other than T. palli-
dum subsp. pallidum. In 2006, Centurion-Lara et al. showed, using
two subsequent RFLP assays targeting differences located within
the tprl and tprC genes, respectively, that the three T. pallidum
subspecies can be distinguished (109). More recently, Pillay et al.
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reported the use of the RFLP analysis of the tpr] gene by Centuri-
on-Lara et al. in combination with sequencing of the fliG-hlyB
intergenic region 19 (IGR19) to identify T. pallidum subsp.
pertenue-specific sequences in a patient with active yaws (219),
while Harper et al. used the sequence variation in the arp gene
(TP0433) to perform a relatively straightforward differentiation
of T. pallidum subsp. pallidum from nonvenereal subspecies (95,
220). A nice example of the clinical use of molecular tools to di-
agnose an imported case of endemic syphilis in Canada is repre-
sented by the recent work of Fanella et al. They first targeted bmip,
polA, and TP0574 by PCR to detect treponemal DNA in a sample
harvested from a patient’s oral lesion and subsequently used both
arp sequencing and the tprC/tpr] RELP assays to identify the etio-
logical agent as T. pallidum subsp. endemicum (221).

Performing these molecular identification assays is limited to
laboratories equipped with the appropriate instruments, re-
sources, and trained personnel. An additional limitation of mo-
lecular testing for the treponematoses is that the sensitivity of
DNA detection in a biological sample varies by the type of sample
analyzed (e.g., lesion exudates versus blood samples) and, likely,
the fluctuations in the bacterial burden in the host that accom-
pany these multistage diseases (211). Furthermore, only a limited
number of yaws and bejel strains has been analyzed using these
methods, and no definitive proof of the stability of these signa-
tures among subspecies is currently available. Despite the fact that
the diagnosis of endemic treponematoses in resource-limited set-
tings will continue to rely on clinical evaluation and serological
tests rather than molecular assays for the time being, more com-
parative genomics studies of the agents of human treponematoses
are highly warranted, in that they hold the potential for the iden-
tification of genetic signatures that might improve molecular and
serological assays to differentiate among the T. pallidum subspe-
cies. In any case, even in the absence of differential diagnosis, any
ascertained case of treponematosis should be promptly treated to
avoid the possibility of severe sequelae.

A molecular test of pivotal importance for those involved in the
diagnosis and treatment of human treponemal infections is rep-
resented by the assay to detect the point mutations in the 23S
rRNA genes known to confer resistance to azithromycin (and
macrolides in general), the antibiotic that WHO is planning to use
in the new eradication campaign for yaws and endemic trepone-
matoses (discussed in more detail below). Conventionally, detec-
tion of the two known mutations associated with macrolide resis-
tance in T. pallidum subsp. pallidum relies on a nested PCR
approach followed by RFLP and DNA visualization after agarose
gel electrophoresis (222). As this approach is time-consuming and
labor-intensive, development of a faster (but equally sensitive and
specific) test that can help assess macrolide susceptibility among
T. pallidum strains is definitely desirable, even though these assays
will still need to be performed in selected reference laboratories.
Toward this end, a real-time PCR assay using fluorescence reso-
nance energy transfer (FRET) probes and melting curve analysis
was developed for one of the two known point mutations (223),
while a real-time multiplex PCR assay for detection of both mu-
tations has been recently published by Chen et al. (224).

Differential Diagnosis of Endemic Treponematoses from
Other Diseases

The clinical manifestations associated with the endemic trepone-
matoses may also need to be differentiated from those of a variety
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of other diseases. Illnesses that might hinder accurate the diagno-
sis of early yaws include impetigo (caused by Staphylococcus au-
reus), ecthyma (a pyogenic disease of the skin caused by Pseu-
domonas species, Streptococcus pyogenes, and Staphylococcus
aureus), leprosy, cutaneous leishmaniasis, scabies, molluscum
contagiosum, planar warts, tropical ulcers (a polymicrobial infec-
tion), tungiasis (infection with the parasite Tunga penetrans),
chromomycosis (fungal infections caused by members of the fam-
ily Dematiaceae), sarcoidosis, and psoriasis. Extragenital lesions
caused by Haemophilus ducreyi have been reported from the West-
ern Pacific (338-340). Bone lesions can resemble those of syphilis
and bejel, tuberculosis, African histoplasmosis (caused by Histo-
plasma duboisii), bacterial osteomyelitis (caused by pyogenic bac-
teria or mycobacteria), and sickle cell anemia (29, 225). Rhino-
pharyngeal lesions may resemble those of rhinosporidiosis (an
infection caused by Rhinosporidium seeberi), rhinoscleroma
(granulomatous lesions on the nose caused by Klebsiella pneu-
moniae subsp. rhinoscleromatis), mucocutaneous leishmaniasis,
tuberculosis, and leprosy (29, 225).

Early skin manifestations of bejel can be confused with those of
other dermatoses such as psoriasis, pityriasis rosea, and also ec-
zema, herpes simplex, lichen planus, leprosy, mycoses, condylo-
mata acuminata, perleche (angular cheilitis), aphthae, and vita-
min deficiencies (25, 225). Destructive lesions of the nasopharynx
seen in late yaws and bejel can also be associated with cutaneous
leishmaniasis, rhinoscleroma, histoplasmosis (caused by the fun-
gus Histoplasma capsulatum), tuberculosis, and rhinosporidiosis
(25, 58, 225, 226). Late-stage bejel can be reminiscent of malig-
nancies (such as squamous cell carcinoma) but also lupus vulgaris,
bromoderma tuberosum, iododerma, and facial granuloma
(225).

Pinta skin manifestations also need to be distinguished from
vitiligo, pityriasis versicolor, pityriasis alba, chloasma, discoid lu-
pus erythematous, and erythema dyschromicum perstans, all dis-
eases characterized by changes in pigmentation. Furthermore, di-
agnosis could be difficult in the presence of the dermatophytosis
tinea corporis, pellagra, eczema, psoriasis, and leprosy (25, 225,
226).

PAST ERADICATION PROGRAMS

First WHO-UNICEF Control Program

When the World Health Organization (WHO) was established in
1948, endemic treponematoses were among the first public health
problems addressed by the new agency, together with malaria,
tuberculosis, and venereal infections (227). At that time, it was
estimated that there were about 50 million cases of yaws world-
wide (although some reports estimated up to 150 million cases)
(32), possibly a million endemic syphilis cases, and a lesser num-
ber of pinta cases, while about 20 million individuals globally were
thought to suffer from venereal syphilis (228). Venereal and non-
venereal treponematoses were considered public health problems
also because of the significant economic losses in terms of man-
power resulting from disease-associated disability in both indus-
trialized countries (from syphilis) and agricultural tropical coun-
tries (mostly from yaws) (228). Based on the resolution adopted
during the second World Health Assembly in 1949, WHO in col-
laboration with the United Nations International Children’s Fund
(UNICEF) led a worldwide campaign to control and eventually
eradicate yaws and the endemic treponematoses (228). As the re-
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sult of this unprecedented effort, vertical control programs were
brought to 46 developing countries (229, 230) with the goals of
screening the entire target population, treating individuals with
evidence of active and latent infection with long-acting penicillin,
treating family and community contacts, and implementing peri-
odic surveys to identify missed, new, and imported cases. Between
1952 and 1964 approximately 160 million individuals underwent
initial surveys, and over 50 million were treated. About 300 mil-
lion follow-up examinations were conducted during resurveys. By
the end of the campaign, the global burden of cases of endemic
treponematoses was estimated to be reduced by 95% (229, 230), to
a mere 2.5 million cases. The WHO-UNICEF control campaigns
were also key to establishing or strengthening primary health care
systems in the affected areas. Unfortunately, these remarkable
achievements also induced WHO to gradually dismantle the tar-
geted control programs in favor of their integration into the newly
established primary care systems, confident that these would suf-
fice to identify and treat the remaining 5% of cases. In the end, the
waning of commitment and resources led to the resurgence of the
endemic treponematoses in many countries and to the necessity
for new control efforts and strategies (231).

Necessity for Renewed Control Efforts and Strategies in the
1970s and 1980s

Following the adoption of a new resolution on control of endemic
treponematoses in 1978 (232), new programs were implemented
in the 1980s in seven western African countries (Benin, Burkina
Faso, Cote d’Ivoire, Ghana, Mali, Niger, and Togo). Unfortu-
nately, the results were disappointing, mostly due to lack of re-
sources and weak commitment from local governments (233).
Not even the organization of an international symposium on yaws
and endemic treponematoses, with multiple regional meetings,
helped to revive the global interest in control and eradication of
these diseases (32). In 1995, according to the last official WHO
estimate, approximately 2.5 million cases of endemic treponema-
toses (mostly yaws) still remained worldwide. Of these cases,
460,000 were estimated to be infectious, mostly localized in west-
ern and central Africa (400,000 cases), Southeast Asia (50,000
cases), and other tropical regions (10,000 cases) (234).

CURRENT EPIDEMIOLOGICAL SITUATION OF YAWS, BEJEL,
AND PINTA

Yaws

With the exception of the Southeast Asia Region of WHO, which
has kept yaws control a priority in its public health agenda with an
eradication goal originally set for 2012, surveillance and reporting
of yaws cases have been sporadic. In 1993, Louis et al. reported that
indigenous populations in Central African Republic were infected
with yaws, and they emphasized the risk for the spreading of the
disease among settled communities because of the trend of these
people to abandon their nomadic life style (24). Similar findings
were reported in 1992 by Hervé et al. (235). In 1994, Edorh et al.
reported about 5,000 annual yaws cases among children in Togo
(236), and a yaws focus was reported in northeastern Nigeria a few
years later by Akogun (237), despite the official position that yaws
had been eradicated in Nigeria. A more recent study by Nnoruka,
however, failed to identify any yaws-affected individuals among
2,871 consecutive patients at the dermatology clinic of the Uni-
versity of Nigeria in Enugu (approximately 500 miles from the
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TABLE 2 Countries with available information on yaws, 2008 to 2011¢

No. of reported

WHO region and country cases

WHO African Region

Yr of report

Benin” NA® ND?
Cameroon 2010 789
Central African Republic 2008 243
Cote d’Ivoire 2010 3,704
Democratic Republic of the Congo 2011 383
Ghana 2010 20,525
Republic of the Congo 2011 167
Togo 2010 15
WHO Southeast Asia Region
Indonesia 2011 5,319
Timor-Leste” NA ND
WHO Western Pacific Region
Papua New Guinea 2011 34,628
Solomon Islands 2010 20,635
Vanuatu 2010 1,574

“ Adapted from http://www.who.int/yaws/epidemiology/en/.

b Country where yaws is known to be endemic but with no data available between 2008
and 2011.

¢ NA, not applicable.

4ND, no data.

more rural area of Garkida, where Akogun [237] conducted his
research) (238). In this study, however, most of the patients were
adults, diagnosis was based on the patient’s history and physical
examination, and no tests to specifically identify treponemes or
treponemal infection were performed (238). In 2007 Touré et al.
reported that yaws prevalence was 5 per thousand inhabitants in
Cote d’Ivoire, with only 27% of diagnosed patients with a history
of medical treatment at the time of the study (239). Between 2008
and 2011, seven African countries have reported cases of yaws
(Table 2), with the majority of cases reported in Ghana and Cote
d’Ivoire (20,525, and 3,704, respectively) (240). Although it is
known to be a country where yaws is endemic (240), no data were
available for Benin between 2008 and 2011. More recently, how-
ever, data on yaws prevalence limited to school children of the
Toffo, Allada, and ZE health districts of Benin (covering approx-
imately 1.4% of the country area) were presented at the WHO
consultation on yaws eradication in March 2013 in Geneva, Swit-
zerland, showing prevalences of clinical and serological yaws of
4.11%, 1.77%, and 1.38% for the three regions, respectively (cour-
tesy of Gilbert Ayelo, Centre de Dépistage et de Traitement de
I'Ulcere de Buruli d’Allada, Benin).

In the Western Pacific Region of WHO, yaws was highly prev-
alent prior to mass treatment campaigns carried out in the 1950s
and 1960s (241). Following mass treatment, however, the number
of reported cases declined significantly, to the point that yaws was
considered eliminated in most areas (242, 243). Since the late
1970s, however, reports of suspected cases of yaws from several
areas of Papua New Guinea (244-250), the Solomon Islands (242,
251-253), and Vanuatu (254, 255) started to appear in the litera-
ture, suggesting that elimination was not achieved. In 2011, Papua
New Guinea reported 34,628 yaws cases, followed by the Solomon
Islands (20,635 cases in 2010) and Vanuatu (1,574 cases in 2010)
(240) (Table 2).

There is no recent information on the epidemiological situation
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of yaws in the WHO Region of the Americas, where since 1977 this
disease has no longer been identified as a public health problem
(256). As always, it is not known whether a lack of reported cases
is the result of true disease elimination or lack of surveillance. In
Ecuador, for example, no clinical cases were detected between
1993 and 1998, suggesting elimination of yaws (257, 258). In Guy-
ana, however, following the implementation of a control program
in 2000, a resurvey conducted the following year showed a residual
prevalence of yaws skin lesions of 1.6% (259).

In the Southeast Asia Region, Indonesia reported 5,319 cases in
2011, and no data are available from Timor-Leste (240), although
this is known to be a country where yaws is endemic (Table 2).
Great success was achieved in India, where no cases of yaws have
been reported since 2003 and elimination was officially declared
on 19 September 2006 (260). This success is the result of an active
government-backed elimination program launched in 1996 and
based on active case finding with treatment of infectious and la-
tent cases and contacts with benzathine penicillin (260). In India,
toward the final stage of the campaign, a cash reward system was
established to encourage voluntary reporting of any suspected
case. The equivalent of US$100 was given to health workers for a
confirmed case and approximately US$10 to the first person re-
porting the case to the health authorities (240). The successful
Indian elimination campaign showed the world that yaws preva-
lence in a defined area can be brought to zero through deliberate
efforts and demonstrated that yaws eradication (i.e., the reduction
to zero of yaws prevalence on a global scale) is an attainable goal if
sufficient resources and political commitment are available. It is
currently estimated that at least 100 million children are at risk of
acquiring yaws globally (25, 261).

Bejel (Endemic Syphilis)

Bejel was previously endemic in northern Europe, in the Balkans,
Russia, Mongolia, the Near East and eastern Mediterranean, and
in southern and northern Africa among poor rural populations.
Social and economic improvements in many of these areas re-
sulted in a natural recession of the disease, even prior to the advent
of mass treatment campaigns. Nonetheless, foci of endemic syph-
ilis have been reported by several investigators in the last 2 de-
cades, mostly in the Near East and Sahelian Africa. Csonka and
Pace reported bejel cases among the nomadic communities living
in rural Saudi Arabia (52, 56, 58). A clinical and serological survey
for endemic syphilis carried out by Gazin and Meynard in 1986 in
Burkina Faso revealed that 7.5% of 5- to 14-year-old children had
clinical lesions and 22% had anti-Treponema antibodies (262). A
similar survey carried out 5 years earlier in the same region
showed very similar results. In 1989, the prevalence of endemic
syphilis in the Sahelian area of Mali was reported to equal that
prior to the eradication campaigns of the 1950s and 1960s (6%
and 19% of 5- to 14-year-old children had lesions and anti-Trepo-
nema antibodies, respectively) (177). In the 1990s, cases of bejel
were reported in Sahelo-Sudanian Niger and Mauritania (263,
264). In Niger approximately 12% of the children under 5 years
had serological evidence of Treponema infection (263), while in
Mauritania a focus of bejel was identified by Galoo and Shmoor
(264). Previously, in Mauritania, a survey to assess frequency and
distribution of serological evidence of treponemal infection ex-
amined 6,049 subjects between 6 and 18 years old, showing that
33.4% of the screened individuals were serologically reactive in
treponemal tests. Of these 6,049 patients, 102 showed clinical ev-
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idence of bejel infection (266). It is notable that although bejel is
diagnosed in the drier countries of Burkina Faso, Mali, Niger, and
Mauritania, these countries share borders with Cote d’Ivoire,
Ghana, Togo, and Benin, where yaws is known to be endemic. Are
the etiological agents actually different, or are the different clinical
manifestations due to regional climatic conditions?

In Turkey, where no cases of bejel had been reported for more
than 3 decades, the disease was diagnosed in 1995 in three children
and their father in Malatya (265). In 2006, a case report described
two cases of bejel in children in Maputo, Mozambique (267), al-
though a clear differential diagnosis from yaws could not be made.
The most recent published case report (2013) of bejel is from
southwest Iran (268).

Pinta

In former years, Colombia and Mexico were the countries in the
world where pinta was most highly endemic. Today this disease is
believed to exist only in very circumscribed parts of Latin Amer-
ica, although surveillance is meager at best. Known recent foci are
represented by the Tikuna tribes living in the Amazon Trapeze, a
land corridor between the territories of Colombia, Brazil, and
Peru, and the inhabitants of a Panamanian village screened for
clinical and serological evidence of infection (188, 269-271). In
Mexico, a recently reported case of secondary syphilis was ques-
tioned by Italian physicians who argued with the initial diagnosis,
claiming that the reported findings were more consistent with the
clinical and histological signs of infection with T. carateum rather
than T. pallidum subsp. pallidum (272, 273). In 1999, an early
pinta lesion was identified in a female resident of Cuba who was
visiting Austria, although the last case of pinta in Cuba was re-
ported in 1975 (274).

Imported Cases of Endemic Treponematoses

In 1989, early yaws was diagnosed in the Netherlands in a 9-year-
old girl from Ghana who had immigrated 6 months earlier (275).
It was assumed that the patient contracted yaws shortly before
leaving her native country. This case, which mirrored the one
described in 1966 by Fry and Rodin in England (276), suggests that
health care providers should still be aware of possible encounters
with yaws cases in immigrants from regions of endemicity. In
1999, Vabres et al. reported a case of secondary bejel in a 5-year-
old patient from Mali with painless stomatitis and enlarged cervi-
cal nodes (277). The primary stage of the disease was thought to
have occurred in Mali, where the patient had lived before moving
to France a few months earlier. Recently, Fanella et al. reported a
case of endemic syphilis in Winnipeg in a 1-year-old patient born
to a couple who had lived in a refugee camp in Senegal for 20 years
before immigrating to Canada (221). Further assessment of all
family members (parents and eight siblings) revealed that all of the
couple’s children were affected. Despite such examples, an accu-
rate estimate of the real extent of the burden of imported cases of
endemic treponematoses in Western countries is currently un-
available (278).

GOAL OF YAWS ERADICATION BY 2020

In 2007, WHO launched a new global initiative aimed at yaws
eradication, hoping that the successful example given by India
(279) could be repeated on a global scale. Since then, over 100,000
cases have been treated with long-acting benzathine penicillin G
(BPG), which is reccommended for endemic treponematoses (26,
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280). For the past 30 years, WHO has recommended a single in-
tramuscular dose of 1.2 million units (MU) of BPG for adults with
active or latent yaws, while children less than 10 years of age
should receive 0.6 MU (26, 280). It is unclear why these doses,
which are half that used for syphilis, have been recommended for
the endemic treponematoses. Although cases of BPG treatment
failure with yaws have been reported from Papua New Guinea and
Ecuador (249, 258), there are not sufficient data to rule out rein-
fection in such individuals, and testing of isolated strains for re-
sistance under controlled conditions has not been published. It is
stated that, after over 60 years of continuous use, treponemes have
failed to develop true genetic resistance to beta-lactam antibiotics.
The probability of treponemes developing such resistance in the
future is currently regarded as remote, as discussed by investiga-
tors focusing on the study of a T. pallidum subsp. pallidum peni-
cillin-binding protein (281, 282). Development of penicillin resis-
tance would, according to these authors, require a significantly
rare multistep mutational process. Disadvantages of using BPG,
however, include the need for a cold chain, needles and syringes,
and trained personnel.

Recently, an open-label, noninferiority, randomized trial con-
ducted on 250 children with yaws in the Lihir island of Papua New
Guinea showed that a single oral dose of azithromycin is as effec-
tive as BPG for treatment of yaws (283). This finding was wel-
comed as a major advancement in the control of this disease and
further contributed to reviving interest in a global eradication
campaign against yaws and endemic treponematoses. In 2012,
WHO officially launched a road map to accelerate work to eradi-
cate several neglected tropical diseases (NTDs) (279). The goal for
yaws eradication is currently set as 2020, which implies an inter-
ruption of transmission by 2017 and a 3-year period in which no
new cases are reported through clinical and serological surveil-
lance. In March 2012, WHO organized a first consultation in
Morges (Switzerland) to prepare a strategy for the eradication of
yaws. At the meeting, Kingsley Asiedu, director of the yaws erad-
ication program in the Department of Control of NTDs, acknowl-
edged that “a new era of eradication of yaws and other endemic
treponematoses was beginning, which, this time, should succeed”
(240).

Favorable Conditions and Challenges for Yaws Eradication

For a complete list of favorable conditions for yaws eradication as
well as operational challenges, we recommend the summary re-
port of the Morges consultation (240). It seems, however, worth-
while to comment on the burst of confidence ignited by the po-
tential use of azithromycin to fight yaws, tempered by the recent
scientific evidence suggesting that primates might serve as a natu-
ral reservoir of yaws treponemes in some of the areas where the
new control programs will be implemented.

A single oral dose of azithromycin (30 mg/kg, with a maximum
of 2 g) is now considered by WHO as equivalent to BPG for treat-
ment of yaws (240). Azithromycin has the advantage of being
administered orally rather than requiring needles, syringes, and
highly trained personnel, as for BPG. However, resistance to azi-
thromycin may ultimately limit its utility. Azithromycin is a mac-
rolide antibiotic with a long tissue half-life that has already been
shown to be effective against chlamydial urethritis and cervicitis
(284), uncomplicated gonorrhea (285), and chancroid (286).
Promising results on the use of azithromycin in lieu of BPG for
treatment of early venereal syphilis were reported from several
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studies throughout the 1990s (287-289) and from large-scale
studies performed in Tanzania (290) and Uganda (291), as well as
an equivalence trial that involved multiple clinical sites in North
America and Madagascar (292). Mitigating the enthusiasm for
azithromycin as the new “magic bullet” against yaws, however, is
the overall experience with this antibiotic for the treatment of
early syphilis. Cases of azithromycin treatment failure were ini-
tially recognized among syphilis patients in 2002 (222, 293-295),
which led to the findings that genetic resistance to azithromycin in
T. pallidum subsp. pallidum is associated with a single point mu-
tation (either A2058G or A2059G) in the 23S rRNA gene (222,
296, 297) and that this newly developed resistance is selected by
antibiotic pressure (298). Also concerning is the evidence that in
San Francisco and Seattle, the prevalence of azithromycin-resis-
tant T. pallidum subsp. pallidum has steadily increased over time,
from 4% and 9% in 2002 to 77% and >80% in 2005 (293, 298—
301), and that the mutation has also become nearly universal
among T. pallidum subsp. pallidum strains from primary syphilis
cases in Shanghai, China (302). Although similar studies have
shown that these mutations are relatively rare or absent in Taiwan,
Madagascar, Tanzania, and Uganda (290, 291, 303-305), this phe-
nomenon could be attributed to the limited use of macrolides in
these countries and the fact that most of these studies were con-
ducted a number of years ago. In light of the high genetic related-
ness between T. pallidum subsp. pallidum and the other T. palli-
dum subspecies (110), the risk of selection of azithromycin-
resistant T. pallidum subsp. pertenue and T. pallidum subsp.
endemicum strains should not be ignored when a program that
heavily relies on the use of macrolides is implemented. Lab sur-
veillance of clinical samples from patients being treated initially
with azithromycin or those suspected of treatment failure is rec-
ommended to detect the emergence of known or new mutations
that might confer macrolide resistance. The use of a lower dose of
azithromycin for mass treatment for trachoma eradication among
the same populations that have yaws may, in fact, hasten macro-
lide resistance in treponemes. The present time, then, may rep-
resent a limited window of opportunity for the yaws eradica-
tion program to utilize azithromycin, and countries should
rapidly develop and implement their yaws eradication plans
before resistance develops.

Cocirculation of Syphilis and Yaws

The human treponematoses were earlier believed not to overlap
within geographical areas, and this observation fueled speculation
that infection with one T. pallidum subspecies protected against
infection with another. Studies in the rabbit model, however, have
shown that cross-protection among subspecies is partial at best.
Thus, it is quite possible that syphilis and yaws, for example, could
exist in the same community. The increasing mobility of persons
makes this possibility more likely. Several studies have reported
the presence of syphilis in some countries where yaws is endemic
(e.g., Papua New Guinea) (306-311), and it is unclear how the
coexistence of venereal and nonvenereal transmission of trepone-
mal infections might affect surveillance and assessment of eradi-
cation program success. This topic seems particularly relevant
given the facts that patients in remote areas may not have access to
sophisticated molecular techniques and that current serologi-
cal tests are unable to discriminate among the agents of the
human treponematoses. If venereal and nonvenereal trepone-
mal infections do coexist in a population, the common practice
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of endemic treponematosis control programs to screen only
children for infectious lesions might result in missed infections
in adults. If syphilis goes undiagnosed, it could have detrimen-
tal impacts on the health of the community. If mass serological
screening is conducted in these settings, however, both vene-
real and nonvenereal infections would be identified and
treated, and control of both infections may result from a treat-
ment program intended for just one.

Animal Reservoirs

Another condition considered favorable for yaws eradication is
the long-held tenet that humans are the only reservoir for infec-
tion. Already questioned in the past (312), this statement was re-
cently challenged again by Zobanikova and coworkers, who, upon
analysis of the full genome sequence of the simian treponemal
strain called Fribourg-Blanc (98), proposed to rename it T. palli-
dum subsp. pertenue strain Fribourg-Blanc. This strain was iso-
lated from the popliteal lymph nodes of a yellow baboon (Papio
cynocephalus cynocephalus) from Guinea (313, 314) and was later
reported to cause symptoms in experimentally infected human
subjects (44). If nonhuman primates are found to harbor patho-
genic treponemes similar to T. pallidum subsp. pertenue that are
readily transmissible to humans, it could impact the design, im-
plementation, and probability of success of the new WHO yaws
eradication campaign, particularly in those areas where primate
treponematoses have been described (315-322). The genetic and
ecological relationship between treponemal infections in humans
and primates will necessarily need to be clarified.

GENETIC CHARACTERIZATION OF TREPONEMA ISOLATES
FROM FREE-RANGE PRIMATES IN AFRICA

Evidence of Treponemal Infection in African Primates

Evidence that free-range African primates are infected with T.
pallidum first appeared in the early 1960s, following a series of
studies conducted by Fribourg-Blanc, Niel, and Mollaret (191,
313, 314) in Guinea and Senegal. These studies showed that, in
these countries where yaws or bejel was known to be endemic,
most of the examined troops of yellow baboon (Papio cynocepha-
lus cynocephalus) tested positive for treponemal antibodies, with a
seroprevalence =60% in certain areas (313). No clinical signs of
the infection were reported in these animals. Similar studies by the
same investigators also showed the presence of treponemal anti-
bodies in a very small cohort of yellow baboons in Cameroon but
failed to show any serological evidence of treponematoses among
a few hundred baboons captured in Kenya (191, 313, 314). In the
early 1970s, Baylet et al. reported that a high percentage of Guinea
baboons (Papio papio papio) in the Casamance region of Senegal
were reactive in treponemal serological tests and that clinical signs
of the disease, if present, appeared localized on the animal’s muz-
zle or near the armpit as small ulcers teeming with treponemes and
as enlarged lymph nodes (321, 322). “Yaws” has also been re-
ported in wild gorilla (Gorilla gorilla gorilla) and chimpanzee (Pan
troglodytes troglodytes) populations of the Democratic Republic of
Congo, Gabon, Cameroon, and Guinea, based on the presence of
yaws-like lesions on the faces of gorillas or analysis of gorilla and
chimpanzees skeletal samples conserved at the Powell-Cotton
Museum in Birchington, United Kingdom. These findings, how-
ever, have not been confirmed by laboratory tests (317, 318, 320,
323).
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Altogether, these studies suggest that primate treponematoses
were more common in western African countries rather than in
eastern ones (e.g., Kenya), despite the presence of yaws also in
eastern Africa (18). In 1989, however, several troops of olive ba-
boons (Papio hamadryas anubis) at Gombe Stream National Park
in Tanzania were reported to be affected by yaws (324). In this
case, unlike the mild manifestations seen in western Africa yellow
baboons, lesions were mostly localized in the genital areas of sex-
ually active baboons, and in a small number of animals, the lesions
were so severe as to cause death by obstruction of the urinary tract.
Based on this evidence, scientists favored sexual transmission as
the most likely route for treponemal infection within this troop. In
1994, at Lake Manyara National Park (LMNP) (also in Tanzania,
butabout 450 miles east of Gombe), severe anogenital lesions were
described in olive baboons (325). Even though the etiological
agent of the disease was not investigated at that time, observations
indicated that the disease solely affected primates of the genus
Papio and that it closely resembled the manifestations of human
syphilis. More recently, using a combination of molecular and
histopathological methods, Knauf et al. confirmed that LMNP
baboons with moderate to severe genital ulcerations are infected
with a strain of T. pallidum carrying four genetic signatures spe-
cific for T. pallidum subsp. pertenue (316). These findings raised
the question of whether wild baboons could function as a reservoir
for human yaws or, vice versa, humans could be responsible for
primate infection. A third possibility was that the human and
primate diseases are caused by different, although related, strains.
To shed further light on the subject of treponemal infections of
wild baboons in eastern Africa, Harper et al. mapped the distribu-
tion of T. pallidum infection among olive baboons in LMNP, as
well as four other national parks or conservation areas in Tanza-
nia, and collected additional data on the clinical manifestations of
the disease and the treponemal strains circulating in these areas
(319). In the same study, serum samples collected from six sites in
Kenya (in proximity to the Tanzanian border) from several hun-
dred olive baboons were also used to investigate treponemal in-
fection in these animals. Harper and collaborators found that only
one site in Kenya was populated with Treponema-infected ba-
boons, in agreement with Fribourg-Blanc’s previous finding,
while baboons with clinical or serological signs of infection were
found in all but one of the sites in Tanzania (319).

Genetic Characterization and Phylogenetic Analysis of
Treponemal Samples from Baboons

For their phylogenetic analysis, Harper et al. amplified and se-
quenced six genomic loci known to carry a total of 25 polymor-
phisms among treponemal strains and included the Fribourg-
Blancisolate, three strains isolated from LMNP (which turned out
to be genetically identical in these loci and therefore were treated
as a single strain), one strain from the Serengeti National Park
(SeNP) in Tanzania, two T. pallidum subsp. endemicum strains,
nine T. pallidum subsp. pertenue strains, nine T. pallidum subsp.
pallidum strains, and three strains of the rabbit pathogen T.
paraluiscuniculi (319). The results of their analyses suggested that
the strain collected in SeNP and the Fribourg-Blanc isolate ap-
peared to diverge prior to the clade containing the human trepo-
nemes, while the LMNP strain fell within the polytomy containing
T. pallidum subsp. pertenue strains. Despite these findings, Harper
and coworkers cautiously highlight that such results could be af-
fected by the limited number of polymorphisms analyzed and
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that, rather than being a T. pallidum subsp. pertenue isolate, the
LMNP strain could represent a strain that shares the most recent
common ancestor with yaws-causing treponemes in humans
(319). Equally interesting is the evidence that the Fribourg-Blanc
isolate clustered separately from the treponemal strains isolated
from humans as well as from the LMNP and SeNP strains. This
result is in agreement with several earlier genetic studies in which
partial sequences of the Fribourg-Blanc isolate were compared
with homologous sequences from the agents of syphilis, yaws, and
bejel (95-97, 105, 107, 108, 118, 326-328). Although several of
these studies showed that sequences from Fribourg-Blanc were
more closely related to T. pallidum subsp. pertenue strains than
those of agents of syphilis or bejel, none of them concluded that
Fribourg-Blanc was a T. pallidum subsp. pertenue strain, as pro-
posed following the sequencing of the genome of the Fribourg-
Blanc strain by Zobanikovd et al. (98). The similarity between the
Fribourg-Blanc isolate and T. pallidum subsp. pertenue was recog-
nized long before the advent of comparative genomics. For exam-
ple, studies by Sepetjian et al. (329) compared lesion appearance
and evolution and development of antitreponemal antibodies in
Asian rhesus monkeys (Macaca mulatta) inoculated with the Fri-
bourg-Blanc strain, T. pallidum subsp. pallidum, and T. pallidum
subsp. pertenue. Although in these experiments, the lesion type,
time of appearance, and evolution were more similar in animals
inoculated with the Fribourg-Blanc strain and T. pallidum subsp.
pertenue than in those inoculated with T. pallidum subsp. palli-
dum, the appearance of antitreponemal antibodies was more de-
layed in Fribourg-Blanc-infected than in T. pallidum subsp.
pertenue-infected animals (329), suggesting that despite their clear
genetic relatedness, additional factors should be considered before
reclassifying the Fribourg-Blanc isolate as a T. pallidum subsp.
pertenue strain. Additionally, recent work from our laboratory
showed that while Fribourg-Blanc shares several tpr gene signa-
tures with T. pallidum subsp. pertenue strains, it differs from T.
pallidum subsp. pertenue and is like T. pallidum subsp. endemicum
at the #prG locus (TP0317) (99).

The implications of the possible presence of an animal reservoir
of yaws-like organisms for the new WHO yaws control campaign
are certainly important, in that it would imply that mass treatment
of humans alone might not be sufficient for disease elimination in
these areas. This concern is relevant, however, only if the nonhu-
man primate strains are infectious for humans, and this issue is
not resolved. The possibility of treating animals over a wide geo-
graphical region is daunting, although it was done in a small area
by Wallis and Lee for the animals of Gombe by feeding them
penicillin-laced foods (324) or by a more conventional intramus-
cular (i.m.) injection of penicillin. To investigate the possible
presence of an animal reservoir for human infection, the mode of
transmission between primates and humans would need to be
defined. A possible role for sucking flies (Hippelates pallipes), sus-
pected to inoculate the pathogen through wounds, was proposed
in the past but was not definitively demonstrated (31, 33-35, 318).
Exposure of villagers in African countries to nonhuman primates
is not rare, as shown by studies conducted in Cameroon that
helped explain how HIV crossed species to infect humans (330,
331). Most certainly, however, additional comparative studies,
possibly involving whole-genome sequences rather than small dis-
crete genomic regions, are needed for an accurate classification of
treponemal strains in nonhuman primates. Aside from these more
compelling questions, it would be interesting to clarify the reasons
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for the differences in clinical manifestations associated with trepo-
nemal infections in western and eastern Africa baboons and the
lack of a clear geographical trend differentiating affected versus
nonaffected sites, such as those in proximity to the Tanzanian and
Kenyan border (319).

CONCLUSIONS

Exciting times await those involved in the study of endemic trepo-
nematoses and in the ongoing WHO eradication effort against
these diseases. The probability of finally succeeding in an endeavor
that, with alternate fortune, has been in the WHO agenda for over
50 years is greatly increased by the availability of new diagnostic
tools, a new, easier, and effective treatment option, a remarkably
improved knowledge of the agents of the human treponematoses
and the pathogenesis of these diseases, and new molecular tests for
the identification of genetic resistance to azithromycin. At the
same time, great challenges will be represented by the necessity to
screen and treat populations difficult to reach, as well as the pos-
sibility that macrolide-resistant treponemes will be selected by
azithromycin treatment and the possibility that animal reservoirs
for human treponemal pathogens may exist. All considered, how-
ever, if the new eradication effort finds the necessary support and
commitment, we might soon welcome a world devoid of the bur-
den of the endemic treponematoses.
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