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Abstract

The abjective of the present study was 1o determine the efficacy of prototype diagnostic serological assays for Amenican
Culzneons Leishmaniasis (ACL) in Parama. As such, we prospectively sampled 100 cutaneous leishmaniasis case-patients and
testied their sem in two serological assays based upon novel soluble antigen preparations made from propagating the parasites in
a protein=free, scrum free media, Using senam and a Lwﬁmr:mm mexicamr ..mngm pmpamimll o sensitice places, the assay
comectly identified 89% of the case-paticnts. While using scrum with an antigen preparation from Leishmania brazifiensis, the
assay correctly identificd 71% of the patients. Conceming both test formats, performance was near egual in rue positive and
presumptive positive subsets demonstrating the improved sensitivity of these assays over reference methods of choice. Since the
incidence of leishmaniasis in Panama has increased dramatically in the past 10 vears, these assays may be useful in clinical and
epidemiological studies and control programs,
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may develop as a visceral, mucocutancous or culane-
ous disease. The cutaneous form of the disease is most
common wilth an estimated 1.5 million new cases per
vear warldwide (Berman, 1997). American Cutaneous
Leishmaniasis (ACL) occurs from southern Texas to
northern Argentina, Throughout the world one may
encounter sporadic cases of relatively insignificant
public health importance to hyperendemic regions
tike northemn Afghanistan where almost all individuals
suffer from the disease by the age of 12, Cutaneous
leishmaniasis {CL) is generally most feared in Latin
America because of its association with mucocutanc-
ous leishmaniasis, a chronic destructive condition that
is difficult 10 treat. However, in many hyperendemic
areas there is a public acceptance for the condition
where many infecied will not seek treatment.

The causative agent of ACL was first reported in
1909 in Brazil. One year later, Darfing documented
the first case of autochthonous Leivhmania transmis-
sion in Panama (Sanchez et al,, 1992), Since that time,
there has been a long history of case reporting,
epidemiology and disease ecology studies throughowt
Latin Amerca and Panama. Members of both the
Leishmania viannia and mexicanae complexes are
found in Panama (Kemn and Pedersen, 1973; de
Vasquez et al., 1990), In Panama, two-toed sloths
are the primary reservoir for Leishmania panamensis
(Herrer and Christensen, 1980). However, forest
rodents are the primary reservoirs for many of the L.
mexicana complex members (Herrer et al., 1973).

Attempts at discase intervention are stifled by the
absence of a technique that accumtely and practically
diagnoses ACL suspects, In terms of the way diagno-
sis s performed in most clinics today, little has
changed in nearly & century. Parasites must be dem-
onstrated from a biopsy of infected tissue for confir-
matery diagnosis. Speciation can only be done afler
expansion of parasite numbers in culture. One new
assay, the rK39 dipstick, is a very specific diaghostic
for active kala azar, but has not been shown to bhe
useful in the diagnosis of CL. In addition, there are no
other refiable antigens for the development of immu-
nodiagnostic tests for discases caused by the other
Leisimania species. Even though several DNA pni-
mers exist for Leishmania detection, none have been
consistent enough to gain widespread use. A dire need
persists for the development of practical sensitive and
speeific tests,

Often, new diagnostics measure a patient’s anti-
body response and use it as a correlate for infection or
exposure. Serological tests for diagnosing visceral
leishmaniasis (VL) were shown to be highly sensitive
(Senaldi ¢t al,, 1996; Bagchi et al., 1998). However,
serological tests are rarely performed to diagnose
cutaneous: leishmaniasis, Previous attempts reporied
performance parameters that were disappointingly low
{Anthony et al., 1980; Garcia-Miss ¢t al.| 1990).
Antigens used as the basis for previously reported
tests eriginated from cultured promastigotes {Choudh-
ary et al, 1990, [992; Badaro et al, 1986} or
recombinant proteins (Reed ct al., 1990). However,
crude antigen preparations lack the metabolic prod-
ucts that promastigotes release into their environment,
These metabolic products should be included in any
diagnostic strategy since their immunogenicity is well
established (Schnur et al., 1972; Sergeiev and Shi-
kuna, 1069). Excreted factor, a component of these
antigens, is a negatively charged carbohydrate-like
substance which was shown to precipitale antibody
from homologous sera of promastigote-infected
rabbits {EI-On et al.,, 1979; Bray and Lainson, 1966),

New antigen preparation lechniques involving a
profein-free, serum-free media formulation (XOM)
led to a soluble antigen preparation from Lefshimania
dongvani that was the basis for a very sensitive and
specific ELISA for kala azar case-patients {Martin et
al,, 1998). Recently, we improved this antibody-cap-
ture ELISA and demonstrated its ability to detect
Leishmanig-specific immunoglobulin G (1gG) in the
sera of patients with cutaneous leishmaniasis, In
preliminary studies with' 143 ACL patients from
Brazil, the assay correctly identified 92.3% of the
samples (Ryan et al., 2002).

The purpose of the present study was to evaluate
the sensitivity of these tests in Panama by emploving
standardized methods for patient sampling and spec-
imen processing.

2. Materials and methods

2.1. Population

The study was performed at the Gorgas Memonal
Institute, Panama City, Panama under an approved
human use protocol. A total of 100 adults presenting
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10 the Tropical Medicine Chinic with lesions consistent
with ACL were solicited for the study. Informed
consent wias gathered from all subjects that chose to
volunteer tor the study. A medical doctor and labora-
tory technician experienced in diagnosis and treatment
of ACL contacted and sampled the research subjects. A
guestionnaire was applied to determine the medical
history of the patient and any conflicting etiologies.
Each subject in the study was assigned a code number.
This ¢ode number was attached to any samples teken in
the study, thereby protecting the identity of the test
subjects.

2.2 Sample processing

Six milliliters of blood were collected from each
subject, The twbe was centrifuged to separate out the
cellular fraction. Sera was decanted and stored at — 20
“C until it could be analyzed. For confirmatory
diggnosis, we removed small amounts of tissue from
the berder of the lesion by scraping with a sterile
surgical blade. Prior 1o using the blade, 1% lidocaine
hydrochloride was applied subcutancously 1o the skin,
as anesthetic. When necessary, o [esion sample was
obtained by using a 3 mm punch, Tissue was used to
inoculate culture medium for propagation of promas-
tigotes and was also applied to the surface of glass
microscope slides. The slides were fixed in methanol
and lefi to air-dry. A giemsa stain of the slide was
made and the cellular material on the shde examined
under high power (100 =) with a standard light
microscope, An experienced microscopist confirmed
the presence or absence of amastigotes in the macro-
phages of the patient sample.

2.3, Amtigen and ELISA plate preparation

Washed promastigotes were inoculated into 200 mi
ot a defined, conditioncd protein-free medium and the
inoculum was adjusted with a haemocytometer to give
a final density of 1 * 10® cells/ml, The parasites were
incubated at 26 “C for 72 h in 2-1 roller bottles.
Thereafier, the spent medivm was harvested by centri-
fugation at 9000 = g for 30 min and the relative protein
concentration of the soluble antigens (exo-antigen) was
estitnated by measuring the optical density at 280 nm
{Peterson, 1983). Plate sensitization was effected by
coating polystyrene, 26-well microtiter plates (Immu-

len TV, Dynatech Laboratonies, Chantilly, VA ) with 9,1
mi of the respective exo-antigen solution (5 pg protein
perwelly, Leishmania braziliensis (MERTU 1330, Gua-
temala Straind and L. riexicana (UNAM-FD. Mexico)
exo-antigen was used to sensitize plates. Plates were
then blocked with 0.5% cascin (Sigma. 5t Louis, MO}
in PBS for 1 hat room temperature.

2.4, Cutancous leishmaniasis antibody-captive
ELISA

A standard enzyme-linked immunosorbent assay
{ELISA) for the detection of Leishmania-specilic [eG
wag used to assay patient serum. This ELISA format is
intended only for screening host sera for 126G antibody
detection. Briefly, the sample wuas diluted in 2 0.5%
boiled casein-blocking butfer and absorbed onto the
sensitized microtiter plates described above, Following
a 2-h incubation period, the plate was washed four
times with PBS-Tween, A solution containing an HRP-
conjugated anti-human lpG polyclonal antibody (Kie-
kegaard and Pemy Laboratories, Gaithersburg, MD)
was applied to the plate for 30 min. The plate was
washed four times and a subsizate (TMB, K&PL) was
applicd. The optical density values of the samples were
monitored at 650 nm with a plate reader until the value
of the positive control reached an optical density of
{(.85. Following this, a 0.1 N solution of phospheric
acid solution was applied to stop the enzymatic reac-
tion. The plate was reread at 450 nm and the data
analyzed. Study subject samples were compared 1o a
group of known negatives (n = 1 2)and positives (r=3)
run on each plate. Basically, the known positives were
used as a reference to demonstrate a positive value and
the negatives were assayed in triplicate to provide a
basis for comparison. The mean value and standard
deviation of the negative control group (3 * s standard
deviation ‘+ mean) were used 1o establish a cutoff score
(Kurstak, 1985).

3. Results
3.1 Subjects

A total of 100 sdult research volunteers presenting
to the Tropical Medicine Clinic at the Gorgas Memonal
Institute of Health Studies were recruited for this study.
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Ages ranged from 18 to 84, with a mean of 36.5. There
were 74 males and 26 females in the study group.

3.2 Lesions

Research subjects with classic signs and symptoms
of ACL presented with lesions ranging in number
from a single small or Jarge lesion to multiple lesions.
One subject presented with more than 100 lesions.
Minus this one patient, which we considered to be
very unusual, the mean number of lesions for the
group was 2.57, and a median value of 2.

3.3. Chroniciny

In accordance with patient recollection, the dura-
tion of their dermal condition was from 3 weeks to 5
months, with an average of 1.86 months. The evolu-
tion of the skin lesions in 33 patients was of 1 month
or less; in 42 patients was of 2 months; in 14 patients
was of 3 months; and, in 7 individuals more than 4
months duration,

3.4. Conventional diagnoses

Only those samples exhibiting well-defined para-
sitemia by smear and/or culture positive were consid-
cred to be true positive. Forty-six patient samples
were positive by culture and 55 were positive by
smear. Together, 28 were positive for both techniques.
We make a distinction here between two groups: those

Tible |

Performiames of sntibody-captize ELISA for ACL based wpon a L.
mexicang IONgen  prepindien versus e positive [TP) and
presumptive positive (PP patient subsets

Tahle 2

Performance of antibody-capiure ELISA for ACL Based upon a £
brazifiensiy antigen preparation vedsus free positee (TP and
presumptive positive {PF) patient subaels

Serum BLISA LM r 3

Totial pumbier ol values fid 17
Minisum N.2185 008
25%, Perceniile 0.5875 4 3065
Median oz 0a05s
T5%% Perceniife [.54725 1.0485
Moximum 4444 10613
Mean 1216135 O.89351
Standand deviation 0520557 0751427
Seandund crror 0.l TEE 1 01235334
Lower 9534 C 0982006 064781
Upper 95% CI LA50243 MEE
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Serum BLISA LBE T pp

Total number of values 63 37
Minimum 01745 {101
5% Percentile 50975 nine
hiedian LE455 0.565
T4% Percentile 144975 [.F445
Maxginum 271135 3225
hlsian CLOT0] 03 ER130
Seamdard deviation [h632124 0.7I1375
Standard crror D764 18591
Loser 93246 [ (830903 .641021
Upper 95% Cl 11293403 L.122061
Owerall sccuracy T

that were positive by smear and/or culture, the true
positives; and. those that were not positive by either
conventional diagnosiic, however, given the expen-
ence of the clinician working with ACL, we are
cerlain these patients had the disease and therefore
designate this group as presumptive positive. Given
these eriteria, there were 63 true positives (TP) and 37
presumptive positives (PP) enrolled in this study.

3.5 ELISA

Using serum and a L. mexicana antigen preparation
lo sensitize plates, the assay correctly identified 89%
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Fig. i. Scaster plot showing sample optical density walwes of
angibody-capture ELISA for ACL based upan a L. meadomea antigen
preparition versis tmie positive (TP, s=63) and presumptive
positive (PR = 37} patient sobsets, Positien of negative cutofl
line represents the mean plus 3 standard deviations of 4 group of
naive Nerth American normal contol sesa {n=12).
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Fig. 2. Seaner plot showing sample optical density values of
antibady.capture ELISA for ACL based upon a L frecifiensis
antigen prepasation versis e positive (TP, =63} and presunp
tive postiive (PP, v =37} patient subscts.

of the case-patients (Table 1). While using serum with
a L. braziliensis antigen preparation, the assay cor-
recily identified 719 of the patients {(Table 2}
Concerning both test formats, performance was near
equal in true positive and presumptive positive subsets
demonstrating the improved sensitivity of these assays
over reference methods of choice (Tables T oand 2).
Figs. | and 2 demonstrate graphically by scatter plot
the OD ELISA values (at 450 nmy of the patient
samples for the two lest formats. A negative control
group (#=12) was used to compute the negative
culoft seore {3 SD+mean) for each char.

4. Discussion

Cutaneous leishmaniasis is endemic in several
tropical and subtropical countries around the world,
mostly affecting populations that reside in rural,
remote arcas where basic health services are not
available, In this sewing, diagnosis is limited to
clincal-epidemiological charactenistics because con-
firmatory laboratory tests are available only in
reference centers that are inaccessible for most of
these patients. The standard methods more ofien
employed to diagnose leishmaniasis are the Mon-
tenegro skin test, smear preparations and culture
isolation of the parasite. However, each of these
traditional methods has several limitations, The
Montenegro skin test, which is very simple and
highly ‘sensitive, lacks specificity and cannot distin-
guish between active, inactive or past infection.

Direct microscopic identification of the parasite is
simple but its low sensitivity of 37% in ACL
{Pirmez et al., 1999) is particularly mone problem-
atic in chronic cases where parasitemia is low.
Cultivation of tissue samples is probably the best
parasitological method since it allows the isolation
of the parasite in 60% of the cases and allows
further species identification, but it 1 time-consum-
ing and it iIs subject to microbial contamination.
Traditional scrological tests aimed at detecting cir-
culating antibodies against the parasite have shown
a tendency towards cross-reactivity and low sensi-
tivity presumably because of low antibody titers
{Kar, 1993),

The principal objective of the present study was to
evaluate a novel ELISA test based on detection of
antibodies agamst leishmania exogenous antigens in
100 Panamanian patients with clinical and epidemio-
logical data compatible with CL and a positive Mon-
tenagro test. The results presented here demonstrate
that ELISA tests based on antigen preparation from L.
mexicana {Lm) and from L, brazifiensis (Lb) per-
formed better than conventional serological methods
previously reported (Pirmez et al,, 1999), A sensitivily
of §9% was obtained wsing antigen from Lm, and
71% sensitivity employing Lb antigen, This sensitiv-
ity is superior when compared to the conventional
diagnostic tests performed in the same individuals. In
this case, the microscopic identification of the parasite
on smears was confirmed in 35% of the cases,
whereas parasite isolation was possible only in 46%
of the patient tissues. Thus the defimitive diagnosis
was established in 63% of the cases employing either
the microscopic or the parasite isclation techniques
and was identified as true positives (TP). While the 37
patients that were not positive by ¢ither conventional
diagnostic-test were designated as presumptive posi-
tive (PP). The serologic diagnosis was missed in only
3 of the 63 TP when Lm antigen was used. Whereas
I5 TP paticnts were negative when analyzed by the
ELISA prepared with Lb antigen. Similarly, the leish-
manial etiology was not established in § samples from

the 37 PP patients using Lm antigen, and in 14

samples by using Lb antigen, Thus, the relative high
positive rate in the TP group by using the Lm antigen
suggests that this antigen is far superior to the Lb
antigen. The fact that antigens from both leishmania
species ‘were prepared under identical technical con-
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ditions suggests that the difference i antigenic quality
may depend on factors inherent to the particular
species of the parasite,

A direct comparisen between TP and PP groups
through the ELISA profile shows very similar results,
suggesting that the clinician was experienced enough
10 know ACL when he saw it, even though conven-
tional tests failed. As evident from these serological
results, the ELISA st measures these two groups
nearly equally because it is not subject 10 the same
physical limitations as low pamsitemia in chronic
lesions and culture contamination, However, this
does not exclude the possibility of active or inactive
lesions with low or no humoral immune response
from the host. In this case, serology could be mis-
leading. On the other hand, since the dynamics of the
antibody responsg in ACL patients is unknown, it is
impassible to say what certamn levels of lgG detection
means other than the patient was exposed to the
parasite. An interesting observation in our study is
that the three TP patients not detected by this test had
early lesions with only 4 weeks of evolution. Where-
as the five PP individuals with an ELISA-negative
result had lesion evolutions of 3, 4, 8. 12 and 16
weeks. We cannot determine defintively from our
results whether sampling the subjects during the
acute phase of infection is a cause for obtaining
negative ELISA results for some of these case-
patients. However, we believe the true value of the
mormation obtained from these ELISA tests would
be supportive in a clinical setting. Additionally, we
believe this method would be a useful tool in
epidemiological studies and in settings where there
exists a nead to document parasite cxposure, as is the
case of individuals from non-endemic areas going 1o
work or reside temporarily in endemic arcas where
they will be subject to parasite contact.

Previous attempts to establish serologic tests as
diagnostic ot ¢pidemiological tool for leishmaniasis
huve penerated variable results. The reported sensi-
tivity for CL ranging from 23% to 90% success
depends on the type, source and purity of the antigen
employed (Kar, 1995). To some extent, the cross-
réactivity with other microorganisms, particularly
Trypanosoma, Plasmodia, Schistosoma and Myco-
bacterium due to shared epitopes with Leishmania
explain the low specificity rates obtained through
these methods, Thus, the high sensitivity achieved in

our ELISA rest may be the result of the novel
preparation that allows the capiure of native antigens
without the contaminating or competing profeins
found throughout earlier attempts, Anthony et al,
(19807 stated that their failure to develop o sceositive
ELISA for cutaneous leishmaniasis was probably a
consequence of their inability to eliminale contami-
nating cell culture proteins. These proleins compete
for available sites on the polystyrene surface, thus
prohibiting adequate coating with Jeishmanial anti-
gens resulting in false negative results.

The specificity of these tests have not been thor-
oughly assessed in the context of this study. Only
small groups of endemic normals (= 20), mulara
(n=13) and Chagas (n=13) case-paticnts were eval-
uated for cross-reactivity to these antigens. In addi-
tion, negative résults were obtained when 20 Chagas
case-patient sera samples from a region in Guatemala
known to be endemic for Chagas disease and negative
for leishmaniasis indicates the high specificity of the
antigen preparations (Ryan, unpublished data). That,
coupled with the dramatically different clinical pre-
sefitations of these diseases from ACL further pro-
motes the use of these ELISA's as a clinical surrogate
test and epidemiological tool,

We feel that the improved sensitivity demonstrat-
ed here is due to the new antigen preparation
techniques involving the use of XOM (Ryan ot
al.,, 2002). The immunodominant components of
this. antigen preparation are under investigation,
but initial studics point to the release of native
metabolic products, such as nuclenside hydrolases,
lipophosphoglycans and glycoproteins that are nor-
mally presented to the host upon infection (Cui et
al., 20013, In swmmary, results presented here dem-
onstrate that these ELISAs may become an impor-
tant to0l in the diagnosis and in epidemiological
studies of Leishmaniasis.
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