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Specificity of Antibodies
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Tnhabitants of @ remote Panamanizi villzge were examined
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o clinical and serolopical

evidence of pinta mlection, OF 104 persons examined, 21 (20%) had clinical evidenee

af wctive or inaclive pizs, and 54 (32007 wy
Body o individua) Freprcaner el ant

e seroposilive. Serd were evaluated for anti-
tzens, Sera From all [our patients with aciive

pinta contained antibody 10 the 47-48-k ilodalton major antigen: 1the intensity of reactiv-
ity and the number of anligens recognized inerensed with age and, presumghly, duration i
of infection. Sera from six children with mactive pinta reaced strongly with muliiple T pod-
fidn antipens, wherens adulls with inactive pinta had less intense react ity agaimst fewer

molecules. Seranegative controls demonstrage
antibody reactivity to the rull sprectem of T el Nefn
antigens during the course of infoction demonstrates the high degree of
s GF 2 pallidum and Treponemea coraiewn and is similar 1o 1he

malecules, The development of

donly weak reactivity 1o fewer than five

anoipenic relared-
development of huy-

Mol responsiveness during svphilis inlection,

The pathogene freponemes cause chronic pran-
wlomatous diseases {venereal syphilis, endemic syph-
ilis, yaws, and pintag allecting both adulis and chil-
dren worldwide. These arganisims are merphologically
and seralogically indistinguishable: Hherefore, speci-
ation las been hased primarily on clinical and opi-
demiological considerntions. The vausalive agenls
al venereal and endemie s¥philis and yaws have beep
suceesslully passaged in rabbits and hamsters; @ pro-
cess providing both a souree al crmanisms for slady
and an experimental model, On the basis of DiNA
homology studies [1, 2], these organisms have ro-
cently been reclassificd s subspecies of Treporemy
pallichu. Despite limited reports of experimental in-
fection in the chimpanzee [, 4], no animal model
fas been developed lor Treponenta corateri propa-.
pation; consequently, T cametewmn is Lhe least sid-
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icd al the pathogenic treponemes and is siill consid-
ered 10 be a separate species.

Pinta is the most benign of the Lreponemaloses
[5-71; the disease causes only discoloration oof the
skinas a longaerm sequela, 11 has been hvpothesized
that pinta is the first of the treponemal diseases
and may be the disease from which vaws, endemic
syphilis, and venereal syphilis evalved [5. 6] In-
lection vecurs through skin or mucous membrane
vontact before adolescence and is manifested as early-
active disease, followed by latent {inactive) infection,
a course characteristic of the trepanematoses, Pri-
mary lesions are usually ohserved among mnfants and
children =15y of age. Late lesions ("pintids™) affect
adults in the population, Pinta is confined to Cen-
tral and South America, with most cases reported
i Colombia and Mexico [3, 7]. Before 1950, 1here
were an estimaled one million cases [7]; subsequent
LSS Lreatment campaigns and improved hygiens
have dramatically reduced the incidence of the in-
fection, although no accurate estimate of its current
prevalence is available

Anligenic cross-reactivity has bheen ohserved
among the pathogenic treponemes: infection with
any of them will indueee reactivisy in both non-
treponemal and treponemal tests for syphilis [5-8].
CUross-agglutinating and cross-imimobilizing antibod-
ies and limited cross-protection between the patho-
genic treponemes have also been ohserved [5-13],
Very little is known of the antigenic structure of
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T ocaratear, although recent progress has been made
by using antisera From humans [14-180 or mbhits
[19-24] with svphilis or vaws infection o identify at
least 22 T palfidymr antigens. This paper describey
the spectrum o antibody reactivity against in-
dividual molecules of T paffidim ssp, pallidoe in
patents with active and inactive pinta.

Subjects and Methods

Subjeces. During anoual visits by a medical team
in 1982 and 1983, serum specimens were collected
from 104 of 203 (nhabitants of a remote Panama-
nian village (located 90 miles cast of Panama City)
in which pinta had previously been described. Mass
treatment reportedly took place in both the 1960
and 1970s; however, accurate information regarding
treatment of individuals in this village was not avail-
able. Sera were stored at — 20 C until use.

Serological testing,  The following tests were per-
formed as described by the Centers for Disease Can-
trol [25]: the rapid plasma reagin (RPR), the VDRL,
and the fluorescent trepomemal antibody absarption
{FTA-ABS3) tests, Titers of fluorescent IgG and 1gh
from selected sera were determined by modifying the
standard FTA-ADBS test as previously described [18].
Briefly, sera were diluted 153 in sorbent, and serial
twofold dilutions were made in PBS. FITC-con-
jugated goat antibody to human [gG (heavy-chain
specilic) and o human [pM (heavy-chain specific;
Cappel Labaralories, Malvern, Pa) were used as the
second antibodies al previously determined work-
ing titers of L1200 and 1:2000, respectively, The de-
gree of fluorescence was recorded on a scale of | ta
4+, and the titer was determined as the highest di-
lution that yielded 2+ fluorescence.

Source of organisms. T pallidium ssp. patlidum,
Michols strain, was propagated in adult, male New
Zealand white rabbits (R and R Rabbitry, Stanwood,
Wash}) as previously described [26]. Before use, all
rabbits were tested for evidence of infection with
Treponema paraluiscunicnli by the RPR, VDRL, and
FTA-ABS tests, Rabbits were housed individually at
19-200 C and given antibintic-free fond and water.

Preparation of antigens and SDS-PAGE. T, pal-
lidem antigens were prepared by the method of Take-
hart et al, [27]. Whaole, washed treponemes were solu-
bilized in 1% SDS and clectrophoresed an 12.5%
polvacrylamide slab gels in the discontinuous Tris-
glycine system, as described by Lacmmli [28], by
using a Hoefer SE-600 apparatus (Hoefer Scientilic

Instruments, San Franciseo), Gels were 1.5 mm thick
and 12 cm long. Approximately 2 = 10 arganisms
(™25 ng of proteind were loaded ono each 5-mm
Lane, and electraphorests was continued until the dye
front was within 1 cm of the bottom of the gel. Pro-
ein standards (97.4-12.4 kilodaltons [kI3a]; Sigma,
ab Louis) for estimating molecolar weights were in-
cluded. Approximate molecular weights were deter-
mined by the method of Weber and Oshorn [29).

Immunoliotting,  Electrophoretic transfer of pro-
teins to nitrocellulose paper (0,45 um; Schleicher
and Schuell, Keene, NH) was performed by the
method of Towbin et al, [30] by using a Transphor®
cell (Hoefer), Froteins were transferred at 10 volts
for [6-18 hoat 4 C; the elficacy of transfer was deter-
mined by staining with (L1% amido black [30],
Mitrocellulose paper was incubated with patients’
sera (diluted 171041 as previously described [18], and
bound 1g( was detected with **[-labeled staphy-
lococeal protein A (New England Nuclear, Boston)
at a final concentration of 2.5-5.0 » 10° cpm/mL.
sera were examined for [pM antibody, as previously
deseribed [18], by using "**1-labeled goat antibody
1o human lgM (heavy-chain specific; Cappel Labora-
tories). Afler incubation, immunohlats were exposed
to Cronex MRE 34 film (Dupont, Wilmington, Del)
at =70 C with enhancing screens lor 17-19 |,

The degree of antibody reactivity in the immuna-
blots was scored subjectively (0, L+, 2+, 3+, 4+)
on the basis of the staining intensity ol protein bands
and the number of antipenic molecules stained, As
a guideling, reactvity of normal human sera was con-
sidered to be 0 or 14, whereas patients with anti-
body reactivity that was greater than control sera
were scored 2+, 3+, or d-+ depending on the range
of reactivity and the staimng intensity. For example,
immunoblots shown in Tigure 3 demonstrate the fol-
lowing range of reactivities (lefl 1o righty: 0, 1+, 2+,
and 3+. Figure 4, lefl lane, demonsirates a 4+ re
activity score,

Resulis

Subjects. OF 104 village inhabitants examined,
21 had clinical evidence of active or inactive pinta.
Four patients, one 1o cight years of age, had ¢lini-
cally apparent active pinta (defined as slightly raised,
violaceous skin lesions) and frequently displayed a
line scale on the skin surface {lzure 1, top): the re-
maining 17 patients, [0-91 v of age, had cvidence
of inactive pinta (defined as the presence of large



Top, active pinta lesion on the chin ol a2 child;

Figuee 1.
fcwivoen, mactive, dischromic lesions on the fect ol an adult

amelanotic patches on otherwise normal-leoking
skin: Tigure 1, bottom).

sera from 54 (52%) af the 104 subjects were reag-
Live in the RPR (est, including ail 2] patients with
clinical evidence of pinta. These 2] ser plus siy RIPR-
nonreactive sera (selected as village controls) werp
then examined for reactivity in the VDRL and FTA-
ABS lests, Al evaluable paticnts with clinical mani-
festations of active or inactive PINLE were reactive i
both scrological 1ests: uninfeeted conirel subjects
WEre nonreactive. Because pinta is wsually acquired
before adulthood {5-7], the patients with inactive
discase were separated into two age-groups for fur-
Lher analyvsis — children =14 v ol aged and adules
(9-91 y of age). The VRL liters were 1o signili-
cantly different between patients with active infee-
Lon (geometric mean, 11.3; rangs, 8-16) and childpen
{gecometric mean, 5.7 mnge, 1-16) or aduis {2oo-
metric mean, 5.8; range, 2-16) with mactive disease
{F > 08, Wilcoxon rank sum test).

fminodlon,  Scra [tom six serologically non-
reactive inhabitants between the ages ol seven and
19 were examined by irnmumﬂj[n:[jng with T. palir-
o antigens: representative immunoblots are shown
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Figure 2. Astibody reactivity 1o antipens of T Dot
in control sera from serenegative village inhabian:s, Ap-

proximate molecular masses (% Daa) are indicated a right,

in figure 2. None of the control sera exhibited 22 +
leli reaclivity 1o treponemal antigens. Some sera did
react weakly with 77 pallicduny molecules of 4748
37,345, and 33 kDa. as previously demonstrated
by several laboraiories [15-18]. These molecules con-
tamn antigenic determinanis common (o the non-
Pathogenic treponemes 127, 31], with resultant cross-
reactive antibody formation.

Sera from four patients with clinical evidence of
active pinta were examined (figure 3). Immunofluo-
rescence tilers ol Lol antibody and patients ages
are indicated. Two (50% ol the four sera had =2 4+
reactivity with antigens of 7; paflidiunm; major reac-
Livilty was directed againsl malecules of 47-48, 37,
14, and 12 KDa. Both inmunoblog oG reactivity and
immunofluerescence liter generally increased with age

Sera from ali six children (1R % ) with inactive dis-
ease had 22+ reactivity in immunoblots: the full
spectrum of T palfiduwn antigenic molecules between
06 and 12 kDa was usually identified. major reng-
tivity was seen with the 7-48-, 37-, 345 33-, 30,
14-, and 12-kDa proteins, In wontrast, sera from only
seven (64%s) of the 11 adulis with inactive pinta had
22+ 1gG reactivity 1o T paflidum antigens in im-
munoblotiing. The intensity of reaclivity in this
group was generally lower, and the ful) spectrum af
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Figure 3 Ancibody reactivity o aotigens of T pefficm
i sers From pactents with clinteally confirmed. active [rintiL,
Pativals” ages and reciprocal a0 mamunaTuoreseence (759
Litess are given. Appeosimate moleculas masses (k L3y are
imclicared at right.

antigens was not usually recoanized, Representative
immunablats ol children and adults with inuetive
pinta are shown in figures 4 and 3, respectively.

Patients' sera and the six control specimens were
tested for IgM reactivity to 77 peliidum antigens in
immunoblots. Weak reactivity was scen 10 the 66-,
47-48-, and 37-kDa molecules, Sera with 1gM reac-
Livily were present in some patients fram all groups,
and no consistent patlern was observed. Tmmuno-
blots of control sera failed 1o show 1gM reactivity,
Specific LgM reactivity in the FTA-ARS test was pres-
ent in only three ol the patients with inactive pinta,
ol whom two were children (both, 10 v of age). The
leM immunotluorescence titers were determined 1o
be 2Zand L6 or the children and 18 for the adule
{azge, 60 ). The children with active pinta infection
were negative in the TeM FTA-ABS. All reactive sera
were negative intests for rheumatedd factor, 2 resull
ruling out the possibility of fzlse-positive 1aM reac-
tivity [32].

I¥iscussinn

Adthough the incidence of infection with 7 carareni
has declined as a result of mass reatment campaigns
and improved hyvalene, pinta still remains a dis ligur-
g disease of clinical and social importance in sev

i5
Patient Age 12 13 14
.
a5 -12.4
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3
IF Titer - 2 18

Figure &, Represeatative immunohlons of ser from ohil:
dree (10-14 ¥ of aged with inactive pinta. Patients’ apes
and the recipeocyl lpGimmunelTuorescenee (78 tilers are
siven, Approsimale molecolar masses (k Da) are indicated
a1 rigly,

Patient Age 36 45 60 G1
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Figure 5. Represeniziive immonoblots of sern (ron
acdudes 219y of age) with inactive pinio. Fhe paticnis” g G
immunofuorescence (15 tiers and ages are shown. Ap-
prosicte molecular masses (kDad are indicated at ciahi.
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eral Central and Sourh American COUnLiCs, partic-
ularly in remote regions. This study characterizes (e
seralogical reactivity of children and adults infected
with T2 caratewn in comimonly used serodogical rests
Far syphilis and correlates these resulie with the pres.
ence of antibody to indjvidyal treponemal antigens,
T caratenm fails 1o sUrvive and multiply in any ani-
mal model: therefore, homaologous OFEARIANS were
unavailable or exanining antibody development in
pinta. Because previous examinations have revegled
virtually complete antigenicidentity [20), 23, 24| be-
vween T paliidhen S5 pallichum (Nichols strain) and
I pallidim ssp, perienme (vaws; Gauthier strain) and
because serological Cross-reactivity has been demon-
strated between all of the pathogenic treponemes,
antibady reactivity in patients with pinta was evaly-
ated against individual polypeptides of 7 patiidien.

Patients with active and Inactive pinta are reac-
tive in both treponemal and noentreponenal tests for
s¥philis [5-8]. Reag ity in these tests indicates a cur-
rent or past treponemal infection and HSSLSEE In e
diagnosis of suspected pinta [5-7) when syphilis can
be ruled out. In this study, sera fram individuals of
all ages with clinieal evidence of pinta were reactive
in bath nontreponeimal and treponemal tests: no evi-
dence of syphilis was present in this population. |n
addition, 33 subjects without elinical signs of infec
tion were serodogically reactive for syphilis, a result
indicating inapparent infection,

Immunohlats of T pallidum ssp. pallicdim antj-
gens that were reacted with sera from four patients
with clinically active pinta revealed a strong similarity
to the range of serum reactivity observed in cirly-
active syphilis infeciion. Reactivity 1o the 47-48.k Da
protein is the most prominent characteristic; othey
bands, including the 12- and l4-kDa antigens, are
SCC0 L0 @ lesser depree (15, 18], Serum from the old-
st (age, eight years) actively infected patient identi-
fied at least [0 bands; sera from the youngest {ape,
tne year) wentified anly one band (47-48 kDay
weakly, The trend af increasing reactivity o
treponemal molecules with Age In patients with ac
tive disease may indicare the length of infection, In
primary syphilis, such a correlation exisis [18): in-
CTEASINg reactivity is a direct reflection of the dura-
tion of symptoms, Unlike syphilis infection, how-
eVeT, active pinta lesions Ay PErsist or recur for
many vears,

Sera from children with nactive pinta contained
antibodies ta the ful) speciram ol T padlichm an.
Eens, whereas anly seven of [he I adulr serg were

Fahir o ol

reactive, The range of antibody reactivity seen i s€ra
From young patients with inactive disease closely
resembled thar seen in patients with eariy-latens
syphilis [15-18]: antibady reactivity was strong and
was directed agains many iwreponemal antigens, In
late-Tarent syphilis, the intensity af artibody siain-
ing and the spectrum of reactivity decreases with
onger duration of 1he latent state [15-18]. similarly,
many adults with presumably [u-ng-smnding, latent
pinta infection demaonstrate loss of antibody reac-
Livity (o several treponemal antigens and overa|) ie-
creased intensity of staining in immunoblots, Con.
tinued high levels of antihady reactivity in immung-
blots, as well as VDRL and FTA-ABS titers, aAmong
certain members in the adult population af the vil-
lage may indicate chropje FCCXPOsUNe o T cargleum
by contact with infected children,

Adthough the pathogenic trepanemes ane morplio-
logieally identical ang produce chronic granulama-
tous diseases characterized by active and lateng
stages, the epidemiolagy and clinical manifestations
al the infections are very different. Molecular com-
rarisons of 7. palfidum Ssp. pallidun and 70 patii.
dtim ssp, periemie have revealed only subtle differ.
cnces between the two arganisms [20, 23, 241, and
DNA homology studies show virtual genctic ide-
tity [1]. The degree ol antigenie relatedness of
1. caratenm 1o the other treponemes has na: been
systematieally examined at the molecular level. The
observation of Radolf et 4], [33] that sera From most
patients infected with pinta and yaws are reactive 10
the recombinant 41 antigen of 7 palfichen sap. pel-
didim (Nichals straing suggests thar 7 cerdienn aned
T pallicdun ssp. pertenue contain at least one anij-
genically similar molecule, Qurstudy demonsirared
that patients with pinta developed antibody reaciivity
ta the Mull spectrum of ang igenic molecules of T s
ficduem ssp. pallichisn, an accurrence indicating a very
high degree of antigenic relatedness for the Wy -
ganisms. The development o Fantibody to these in-
dividual molecules scems to follow a pattern 2imi-
lar ta thal seen in paatients witly syphilis and sugpesrs
that the expression of CErLatn epitopes may be sijmi.
lar. These antigens alse include several (47-48, a7,
14, and 12 kDa) that Have clearly been shawn 1o [ros-
sess epilopes specific for the pathagenic treponemes
[27, 34]. The confirmation of molecular antipenie
sinvilarity belween caraterer and the other patho-
SC0IC reponemes realTirms the validity of using
L paifichan ssp. pallidin, Nichols strain, s the
sleadn vy pe for examin e the pathogenic lreponenies,
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