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IMMUNOLOGICAL DIAGNOSIS

Serodiagnosis of New World Leishmaniasis by
Using a Genus-specific Antigen in Enzyme Linked
Immunosorbent Assays -

John B. Sacci, Howard A. Christensen, A. Vasquez, and
Ronald L. Anthony

A penus-specific monoclonal anlibody (BIL-5G0], aenerated agoinst peomastipotes of Leish-
miernda broeiliensis ponomensis TWRAIR-270], has been vaed os o leond in immorochromas
topraphy colurmng for the recovery and purificotion of the genns-specific antiger. When the
purified polypeptide. actually a doublet comprised of o 58 kd and a 31 kd maoiety, wos used
as the entigen in engyme linked inmunozorbent nssays (ELISA) o was meoctive will 36 of 85
sern [rom Leishnrenio potienls and with 1ol 49 se frem conficnned coses of Chagos” disease,
An additional 25 sera from an unexpased pepulation and five specimens fram individuals
seroprsilive for Toxoplasmae gondil were nonrecctive,

INTRODUCTION

Trypanosomo cruzi and the Leishmanio, L. beoriliensiz ssp, and L mexicona ssp.,
possess several common surface anligens that are crossreactive serologically (An-
thony et al., 1980; Badaro et al., 1983 Carmarpo and Bebonato, 1969), Moreover, the
tliseases caused by these parasites, American Try panosomiasis [Chagos' disease) and
the New Waorld Leishmaniases. are indigenous (o many of the same villages of South
and Central America, Consequently. accurate accounts of the prevalence of human
infection, as delined by serum antibody titers, are contingent upon using genus-
specific antipens in the serodiagnostic assavs. The advenl ol hybridoma—monoclonal
antibody technology has made it possible to identify both genus-specific and species.
specific antigens among the parasites of the family Trypancsomatidae (Anthony et
al., 1985 MoMahon-Pratt and David, 1981 Handman and Hocking, 1982). Moreover,
the use of these antibodies as lipands inimmunealinity chromatography now permits
the purification of the reactive antigens, which are prerequisites for the development
of the penus-specific and species-specific assays for the serodiagnosis of human
infections [(Shorma et al., 1984 Easper et al, 19810 As post of our continued efforls
10 dissect the complex antigenic profibes of the ' Urvpanesomal bdae, we have generated
several Lelshmanio-specific monoclonal antibodies, We now report on the use of one
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such anlibody for the recovery of a Leishmania-specific surface antigen that, when
used in an enzyme linked immunosorbent assay (ELISAL is highly reactive with sora
from human Leishmaniases but only minimally reactive with >95% of the sera from
individuals with Chagas' disease.

MATERIALS AND METHODS

Parasites

Fromastigotes of Leishmanie broziliensis punamensis (WRAIR-470) and epimasti-
gotes of T. cruzi (Tulahuen strain) were maintained o 26%C in medium 199 containing
12 mM HEPES. 20 mM L-glutamine, 20% heat inactivaled fetal bovine serum, pen.
icillin 50 Uiml, streptomyein 50 Usml, and genfamycin 30 ppfml, Parasites wers
collected in their stationary phase and washed three times with 0,01 M phosphate
buffered saline [PBS), pH 7.2, by centrifugation at 1500 rpeon. Methods for the ex.
traction of the parasite antigens in CF-E:‘-.PS[:]-l[H--.':tu:lﬂ|:1i:in;}m;wJ;l-fij:rm:]:ﬁla:n-
monio] 1 propane sulfonale) were outlined in a previous report (Williams et al,,
1985h).

Sera

The serum collection was comprised of 85 specimens of individuals [Panamanians]
frem whom Leishmania parasites had been isolated but whom had not yel begun
chemotherapy. The Chagasic sera were from 49 persons [Bolivians) whose disease
had besn confrmed by xenodiagnosis andior clinical imupression, The serg [rom fve
cazes of Toxoplasmosis were identified by indivect immunoflitorescent microscopy
using a T. gondii substrate [Electo-Nucleanics, Columbia, MD] and, as with the
disease-free specimens, were obtained [rom persons (Marylanders) without any his.
tory of exposure to the Trypanosomatids.

Manoclonal Antibodies

[mmunization schedules, procedures for cell fusion, and methads of screening hy-
bridemas for production of monoclonal antibodies (Fusion L) have been described
in parlier publications (Williams et al, 1986a; Constantine and Anthony, 1983). One
hundred thousand hybridoma cells from clone 83L-5G9 were introduced into the
peritoneal cavity of a Balb/c mouse that had been primed with Pristane (O and
Herzenberg, 1980). After 2 woeks, the resultant ascitic Tuid was collected and the
immunoglabulin was purified on an Affi-pel Blue column (Bio-Rad Laboratories,
Richmond, CA] accarding to procedures outlined by Bruck el sl [1982). The im-
munaglobulin fraction was dialyzed overnight at 470 against .05 M Tris-HC| buffer,
pH 7.2, and lyophilized. The protein content was determined by the Bio-Rad protein
assay.

Affinity Chromatography

Thirty milligrams of the 83L-5G9 monoclonal anlibody, reconstituted in 0.1 M sodium
bicarbonate, were coupled to 2 ml of the activaled agarose affinily support, Aff-gel
10 [Bio-Rad Labaratories, Richmond, CA), at 4°C for 18 i, All remmaining active esler
sites were then blocked by the addition of 200 ul of 0.1 M elvcine ethyl ester, The
#el was packed into a 0.7 % 15 cm column and afler a single wash with 0.05 M
glycine, pH 7.2, unbound protein was eluted with 0.05 M glvcine-HCL, ph 2.5, When
the lransmittance of the effluent, ot 280 nm, reached 1008, 1he column was eguili-
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brated with the pH 7.2 glycine buffer. The CHAPS extract of the WRAIR 470 pro-
mastigotes (1 mg/in]) was applied to the column in a volume equal to the void volume.
When the first evidence of protein, <100% tronsmittance, appeared in the efflueal,
the cutlet was closed and the antigen~antibody binding was allowed o proceed lor
2 hr at 4°C. Unbound proteins were then eliminated by elution in the 0,03 M, pH
7.2, glycine buffer containing 10 mM CHAPS, When fransmittance again reatiwd
100%, the bound 831.-3G9 antigen was displaced by a final elution with the pH 2.5
glycine buffer, and fractions were collected in 1-ml volumns.

Sodium Doedecyl Sulfale Polyacrylamide Gel Electrophoresis

The purity of the 83L-569 leishmanial antigen was verified by sodium dodecyl sullate
polyaceylamide gel electrophoresis (SDS-PAGE) [Laemmli, 1979}, using 0 12.5% slab
gal [1.5 mm % 80 mm ¥ B0 mum), subsequently stained with 0.25% Coomassie il
tant Blue. The molecular weight of the antigen was determined using Bio-Rad mo-
tecular weight standards,

Immunoblolling

Proteins, resolved by SDS-PAGE, were electropharetically lranslerred to a sheel of
nitrocellulose. Precise procedures have been ocutlined by Towbin et al. [1879). After
electroblotting for 2 hrat 1 amp, Lthe sheet was treated with 5% bovine serum albumin
(BSA] for 30 min, The sheet was next placed in medium supporling the 831-5G%
hvbridoma for 18 hr al 4°C. After extensive washing in PBS, pH 7.2, containing 0.05%
Tween 20, the sheet was submerged for 2 hr at room temperature, ina 1 : 1000 dilution
goat anti-mouse immunoglobulin serum labeled with "L PBS containing 3% BSA
served as the diluent. After another series of washes in large velumes of PBS-Tween
20, the sheet was air-dried and exposed to Kodak X-Omat AR film for 5 daysal -~ 70°C
on an intensifyving screen.

Enzyme Linked Immunosorbent Assay

Three micrograms of the purified 83L-5GY antigen, in carbonate-bicarbonate buffer.
pH 9.6, were added to each well of a flat bottom, polyviny] microtitration plate {Flow
Laboratories, Alexandria, VAL After an overnight incubatlion ot 4°C, the wells were
emptied by inversion and 100 gl of human serum, diluted 1 : 20 in PB5-TWeen, was
added. Incubation continued for 2 hr at room temperature. Unreactive serum was
eliminated by three washes in PBS-Tween 20, and 100 wl of & 1:500 dilution of
goat anti-human immunoglobulin serum labeled with alkaline phoshastase was added,
Incubation continued for 2 hr at room temperature and the washiog cycle was re-
peated. One hundred microliters of p-nitrophenyl phosphate in dicthanolamine bulfer
pH 9.8, was uzed as the enzyme substrate. Hydrolysis was terminated after 15 min
at room temperature by the addition of 50 ul of 3 M NaOH and the resullant color
chanpe was measured, spectrophotometrically, at 405 nm in the Titertek Multiscan.

RESULTS

Reactivity of moneclonal antibady 83L-5GY (1gG,) wilh a dominant anligen oo (§4T3]
surface memhbrane of promastigotes and amastigotes of Lo b ponamensis [WEAIR
isolate 470] is illustrated by the immunofluorescent micrographs, Figures 1A and
1B. The genus-specificity of this monoclonal, as assessed by reactivity with whole
promastigoles in ennyme-linked immunosorbant assay (ELISA) [Table 1), revealed |
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TABLE 1. Resclivity of Monoclonal Antibody 830509 with
Mew Waorld Trypanosomatids

lzolite (4015 nm) Alssorlvge

L. b, panamensis (WRAIR-470)° 0.443
f.om. mexiconn [WRAIR-222H) 0.4l
o m. amazonansis (WHEATR-3003] [0
L. b peroivonag (WHATR-140) 1443
Lol whagas) PWRALR-454) (1
L. b brazifiensis [WERAIR-508)" IR
Endolrepanum schoudine [(GML-463) 05 100

Trypoosome crugi CTalahoen) ENE

HHamelogous seastiog,
Uirnnoulnnoos o seaee.

recogniaed by B31-5040 s displaved on both e 58 K and o 33 kd polvpestide [Figuen
2}, Elution of the extract through the 830-3G9 affinity column and subsequent dis-
placement of bound protein at pH 2.5 resulted in recovery of a small but compacl
lraclion [Figere 300 An immunoblot of this fraction. using B30-508 monoclanal an-
libedy as the probe, established the purification of both reactive polypestides [Lase
A, Fig. 2,

Asanticipated, absorbance values of Chingasic sera were egquivalent 1o those of
Leishmania sera whenever air-dried promastigates of L. b panomensis were used as
the ELISA antigen [Figure 4). On the other band, when the BIL-3G9 antligen was
used as the antipen (Figure 31, the difference between the distributions of ELISA
determinations for the fwo sels of sera was statistically significant, p = 0,005, nly

21.5kd

FIGURE 2. Immunnauioradiogrs ph demonsirating

reactivity of monoeclonal antibody S3L-509 with

[Lane AT affinity purified 1504 antigen and {(Lame

B crode CHAPS extract of I b panomensis pro-

o A e | : & mastigntes. The arrowhoads indicate the 58 kd an:d
Pemiala 31 ke components of the antegim
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FIGURE 3. Elution peofile of the purified L-5G9 anligen. Dotted ling cepresents 2-hr incubation
periad during which time the outlet was closed.
one of 4% sera from T cruzi infections produced an shsorbance value of =0.200,
whereas 36 of 85 sera [or Leishmanial infections had values greater than 0.200.
BISCUSSION

Although significant progress has been made inincreasing the sensitivity of serologic
assays for the diagnosis of Leishmaniasis, improvements in specificity have lagged
far behind. Badaro et al. [1986) were able to develop a species-specific ELISA far L.
donovani chapesi by using an unfractionated, saline soluble supernatant of promas-
tigotes as the antigen, but as a rule, assays thal use such crude parasite extracts to
demonstrate a specific antibody response have been severely limiled by o high fee-
quency of false positive results, These false positive assays are attributable, for the
most part, to serum antibodies that are produced in response to a lnrge array of
antipens thal ore common to all members of the Family Trrpanosomaticdae [Badaro
el al, 1083; Carmargo and Rebonato, 1965 Anthony et al., 1940]. In lact. the cross-
reactivity of antitrypanosomal antibodies with Leishmania antigens has been rec-
ognized for many years (Menolasino and Hartman, 1854), More recent studies have
shown that some of this crossreactivity is due to a composite of anligens displaying
epitopes that have been highly conserved throughout phylogeny [Dwyer, 1980] and
pxpressed on vertebrate cells (Anthony et al, 1885). The antibody response to these
shared epitopes, in a broad spectrum of both infectious and autoimmune diseases
(Boreham and Facer, 1974; Sadigurski et al., 1882 Snary el al., 1983) likewise con-
(ributes to the lack of specificity inherent Lo serodiagnostic assays for Leishmandasis.

Priorto {he advent of hybridoma—monoclonal antibody techuology, itwas virlually
impossible to detect subtle qualitative differences in the antigenic profiles of closely
related ereries Foweupr the epxouisite specificity of monoeclonal antibodiss now
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FIGURE 4. Reactivity of Leishmania and Chagasic sera with air-dried promasligates of L. b
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FIGURE 5. Rerctivity of 85 Leishmania sera. 49 Chagasic sera, 23 normal ser and fve sor
from patients seropositive for T. gondii.

enables development of competitive ELISA for the demonsteation of a species-specific
antibody response (Lemesre et al,, 1986] and, perhaps most importantly, permits
recovery and purification of the species-specific antigens from complex extracts | bas-
per el al., 1981; Williams, el al,, 1986h), The evidence that such purified antigens
can be used to demonsteate a species-specific antibody response in American tey-
panosomiasis [Schaefslein el al., 1883), prompted the curcent effor,

Although the epitope recognized by 83L-5G% was common to isolates represen-
lative of the three species of New Warld Leishmania, the L. b, braziliensis IWERAIR-
308) isolate from a mucocutaneous cose of disease was nonrenctive [Table 1), This
viery apparent dilloronce in the neligenie com position of iselaes thal cause cutaneous
versus mucecutaneous disease had been noted in previous reporls [Antheny o al.,
Laas, Willlams et al., 19086h] Noteworthy, of course, is the obyious lack of reactivity
uf the 83L-530G9 moncclonal antibody with epimastigotes of 7. crusi, probably the

Serodi
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most common cause of [alse positive serologic assavs in persons Living in villages
where transmission of both Chagas' d isease and Leishmaniasis is common [Lemesre,
1986). The capability of this monoclonal to distinguish betweean the two genera was
the impelus for altempting to recover the polypeptide expressing the Leishmania-
spocific determinant.

The ELISA dala [Figure 5) clearly estalilish that the L-5G4 anligen is only weakly

reactive with antibodies in Chagasic serum. We would like to believe that the one
false positive specimen was from an individual who also had Leishmaniasis bat,
unlortunately, hiz medical history did not include an examination for scars.

Because all of the Leishmania sera represenl cases confirmed by isolation of par-
asites from lesion aspirates andfor biopsies, we must address the problem of the high
[requency of false negative assays when using the L-5G9 anligen, Furthermore, all
of these false nogative seca were highly reactive, by ELISA, with atr-dried promas-
tigotes [unpaeblishied daln). Allougl we copot rezlaalie ebiffeeoeas in reaclivily to the
postinfection time of serum collection, we do suspect that the antibody response o
the L-300 antigen may be transient. This suspicion will be examined when adegueate
panels of serial specimens representative of individual cases become available.

I spite of the fact that Bve of the six Isolates examined were ceactive with the
monoclonal, we must also consider the possibility that the L-5G% antigen iz not
expressed on all siraing thal produce culaneous disense. Slrainespecilic anlipens have
been described (Handman and Hocking, 19825 Anthony el al, 1985, Of course, Lhe
antigen could be expressed but, because of an cryptic or inward orientation on the
membrane {Kirchhoff et al., 1984; Williams et al.. 1986), it does not elicit a demon-
strable antibody response. Therefore, it may be necessary to use panels of purified
antigens io eliminate false negative assays.

[0 summary, genus-specific moncclonal antibodies can be vged as ligands in im-
munoaffinity chromatography columns for the recovery of Leishmania antigens re-
quirad for the development of genus-specific serodiagnostic assayvs. Although o pos-
ilive reaction virtually confirms & Leishmania infection, false negative assays are
common, We conlend, however, Lhat those Talse negatives can be eliminated by using
combinations of antipens in the assasy system.

Su::pt:rlr'cl by Cantract Mo, DAMII17-840-3031 from the United States Army Moedical Hesearch
and Development Commard.
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