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The recombinant product (rK39) of the 39-amino-acid repeats encoded by a kinesin-like protein-encoding
gene of Leishmania chagasi was evaluated by enzyme-linked immunosorbent assay (ELISA) for diagnostic
potential and the ability to predict the response to therapy in Indian kala-azar or visceral leishmaniasis (VL);
we also compared its performance with that of crude soluble antigen (CSA). At the diagnosis of VL, the
anti-rK39 antibody titer was 59-fold higher than the anti-CSA antibody titer. With successful therapy, antibody
titers declined steeply at the end of treatment and during follow-up. In contrast, patients who relapsed showed
increased titers of antibodies to rK39. The extremely high levels of anti-rK39 antibodies in VL cases suggest
the application of rK39 for sensitive and specific serodiagnosis, and rK39 ELISA is also valuable in monitoring

drug therapy and detecting relapse of the disease.

Indian kala-azar or visceral leishmaniasis (VL) is a poten-
tially fatal disease caused by Leishmania donovani. It is en-
demic in eastern parts of India and often turns epidemic (22,
29). Definitive diagnosis of this disease continues to require
demonstration of parasites in splenic or bone marrow aspirates
through invasive procedures. Recent efforts to improve the
diagnosis of Indian VL and post-kala-azar dermal leishmania-
sis (PKDL) have been made by detecting anti-parasite anti-
bodies (9, 11) via indirect hemagglutination (22, 29), indirect
immunofluorescence (6), direct agglutination (26), latex agglu-
tination (8), and enzyme-linked immunosorbent assay (ELISA)
(5, 10).

Recently, a kinesin-related protein-encoding gene has been
discovered in Leishmania chagasi that contains a repetitive
117-bp sequence encoding 39 amino acid residues (K39) con-
served at the C-terminal end in all of the VL-causing isolates
examined so far (4). The recombinant product of K39 (rK39)
has proven to be a very sensitive and specific antigen in an
ELISA for the serodiagnosis of VL from the endemic foci in
Brazil, China, Pakistan, and Sudan (4, 18). In the present
study, we evaluated the ability of titers of antibodies against
rK39 to diagnose active disease and predict either a successful
response to therapy or a relapse of the disease and compared
its performance with that of crude soluble lysate of L. donovani
promastigotes. The crude soluble antigens (CSA) used in this
study were largely L. donovani whole promastigotes or their
soluble lysates.

MATERIALS AND METHODS

Patients. The Ethical Committee of the Institute of Medical Sciences, Banaras
Hindu University, Varanasi, India, approved this study. The first study group
consisted of sera from 43 patients with parasitologically proven VL that were
tested by ELISA using the rK39 antigen (kind gift of Steven G. Reed, Corixa
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Corporation, Seattle, Wash.), as well as by crude soluble lysate. The second study
group consisted of 17 L. donovani-infected patients who were under going ther-
apy. Titers of antibodies to rK39 and crude soluble lysate were determined for
these patients at sequential time points, i.e., at diagnosis (D0), at the end of
treatment (D30), and at the 6-month (6M) follow-up after therapy. The third
study group comprised nine patients who relapsed after an initial successful
treatment for VL and in whose splenic aspirates parasites were detected. These
patients were evaluated serologically for titers of antibody against rK39 to de-
termine the ability of this marker to predict relapse. Sixteen normal, healthy
individuals living in areas where the disease is endemic and sera collected from
patients with tuberculosis (n = 10), malaria (n = 4), or leprosy (n = 8) were also
studied.

CSA. CSA was prepared in accordance with a method described elsewhere (7).
Briefly, antigen was prepared by six cycles of freezing (—70°C) and thawing
(37°C) of a suspension of 2 X 10® parasites/ml in phosphate-buffered saline (PBS;
pH 7.4). The extract was then centrifuged at 20,000 X g for 15 min. The
supernatant was collected and stored in aliquots at —20°C. The protein content
of the antigen preparation (CSA) was estimated by the method of Lowry et al.
(15). The first and second extractions of promastigote antigen yielded 9.4 and 3.3
mg of protein per ml, respectively.

rK39 antigen (4). A genomic library was constructed with sheared DNA of L.
chagasi (MHOM/BR/82/BA-2, C1) in Lambda ZAP11 (Stratagene) and screened
with preadsorbed serum (21) of an L. donovani patient. rK39 was purified from
a 25 to 40% ammonium sulfate fraction of bacterial lysate by preparative iso-
electric focusing with a Roto cell for isoelectric focusing and 10% 3/10 am-
pholytes (pH range, 3.5 to 9.5) in the presence of 8 M urea and 10 mM dithio-
threitol. Peak fractions were concentrated by ammonium sulfate precipitation
and dialyzed against 25 mM Tris-HCI (pH 8)-150 mM NaCl. Protein concen-
trations were determined by using the Pierce bicinchoninic acid assay, and purity
was assessed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
Coomassie blue staining (13).

ELISA. Ninety-six-well microtiter plates were coated with 25 ng of rK39 or 5
ng of CSA protein (crude soluble fraction of promastogotes isolated from an
Indian patient with VL [HOM/IN/96/70]) per well overnight at 4°C. Plates were
then aspirated, blocked with PBS containing 1 or 5% (wt/vol) bovine serum
albumin (BSA) for 2 h at room temperature, and then washed six times with PBS
containing 0.1% Tween 20 (PBS-T). Sera were serially diluted in PBS containing
0.1% BSA (1% for CSA), 0.1% Tween 20 was added to the wells, and the sera
were incubated for 30 min at room temperature for rK39 or for 1 h at 37°C for
CSA. The wells were then washed six times with PBS-T and incubated for 30 min
with protein A-horseradish peroxidase (1/2,000 dilution; Bangalore Genei) in
PBS containing 0.1% BSA and 0.1% BSA and 1.1% Tween 20 and 1 h at 37°C
for CSA (goat anti-human immunoglobulin G conjugated with horseradish per-
oxidase, 1/5,000 dilution). Plates were then washed six times in PBS-T and
incubated with tetramethylbenzidine or ortho-phenylenediamine substrate for a
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TABLE 1. Titers of antibodies against CSA and rK39 antigen
in VL patients before treatment, posttreatment,
and at 6-month follow-up

Mean antibody titer = SEM

Time

CSA rK39
DO 9,970 * 3,764 265,035 = 6,043
D30 3,674 + 1,863" 98,785 + 39,621°
6M 4,276 + 2,039 18,432 + 7,906

“ Seventeen samples were tested at each time point.
> DO versus D30, P < 0.001.
< DO versus 6M, P < 0.001.
4 D30 versus 6M, P < 0.05.

further 15 and 30 min, respectively. The reaction was stopped by the addition of
1 N sulfuric acid, and the optical density at 450 or 492 nm was determined. The
cutoff points for rK39 and crude soluble lysate were determined from the serum
dilution with optical densities of 0.102 and 0.346, respectively, calculated as the
mean of the negative controls plus 3 standard deviations. Each serum sample was
assayed in triplicate, and negative and positive serum samples were used as
standards.

Statistical analysis. The statistical significance of the results of the study was
determined by Student’s ¢ test, and a P value of 0.05 was considered significant.

RESULTS

At the diagnosis of VL, the anti-rK39 antibody, titer was 59
times as high as the anti-CSA titer. The mean titers of anti-
bodies against rK39 and CSA were 4.9 X 10° and 8.2 X 10°,
and the titers ranged from 1.6 X 10* to 1.0 X 10° and from
5.1 X 10? to 6.6 X 10% respectively.

In the second group, antibody titers were estimated in the
serial serum samples to determine whether serum antibody
titers against rK39 declined during successful drug treatment
and compared antibody with titers against CSA. All of the
patients in this study, including those who relapsed, had a
negative splenic aspirate at 30 days of treatment. These pa-
tients were monitored clinically for at least 6 months before a
definite cure was declared; all of the patients were cured at 6
months. Anti-rK39 and CSA antibody levels of 17 paired pre-
and posttreatment and 6-month follow-up sera of VL patients
were evaluated. There was a 2.7-fold decline in the titers of
antibodies against both CSA and rK39 posttreatment, but at 6
months follow-up, a further decline of 5.36-fold (14 times the
pretreatment level) in the anti-rK39 antibody titer was ob-
served. However, the anti-CSA antibody titer showed a 0.85-
fold increase compared to the posttreatment titer. Sixteen
(94%) of 17 and 8 (47%) of 17 patients showed a decrease in
anti-rK39 and anti-CSA antibody titers posttreatment and at
follow-up (Table 1).

The kinetics of anti-rK39 and CSA antibody titers in patients
who demonstrated a clinical relapse after an initial cure re-
vealed interesting results. Patients 5 and 6, on relapse, showed
titers similar to those observed at the baseline. However, in
patients 1, 3, 7, and 9, the titers observed on relapse were
higher than the baseline values, whereas in patients 2, 4, and 8,
the anti-rK39 antibody titers on relapse were lower than the
baseline titers. At relapse, however, such clear trends in the
deviation of titers were not seen when CSA was used (Fig. 1).

In 16 healthy controls drawn from areas where the disease is
endemic, the mean titers of antibodies against rK39 and CSA
were 2,470 = 506 and 6,511 = 5,671, respectively. All of these
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controls had anti-rK39 antibody titers of less than 2,048, except
one control who was positive at a 1:131,072 dilution, and titers
of antibody against CSA ranged upto an 8,192-fold dilution.
Similarly, we took sera from 22 patients with other diseases,
like leprosy, tuberculosis, and malaria, and in all of these sera
the anti-rK39 titers were =256, whereas the anti-CSA antibody
titers varied between 256 and 2,048 (Fig. 2).

DISCUSSION

All patients with active VL showed very high titers of anti-
bodies against the rK39 antigen, with the lowest titer seen at a
1:16,000 serum dilution. The anti-rK39 antibody titers were
74-fold higher than those observed in the sera of the controls
tested. In most of these controls, the anti-rK39 antibody titers
were <2,048, except in one whose serum was positive at a
1:131,072 dilution. That individual showed no overt symptoms
of active VL at the time of blood collection. This may be due
to a subclinical VL infection, as no clinical or laboratory mark-
ers have been described to identify the disease before it man-
ifests itself clinically. Subclinical VL with few or no symptoms
and positive antileishmanial serology or documented serocon-
version (1, 2), in which organ aspirate direct smears are often
negative for parasites (12, 16), is common in several areas
where the disease is endemic (1, 2, 12, 16) and may occur in
India too (19, 23). At least some false-positive responses might
be expected among patients with subclinical infections, espe-
cially those who do not eventually self-cure (2). However, the
frequency of subclinical infection in India has not been clearly
established. We believe that the presence of such a high titer in
only 1 the 22 controls tested is best explained by the high
specificity of the anti-rK39 antibody for active VL (2, 4, 18, 25).

With the CSA ELISA, considerable overlap in antibody ti-
ters existed between the controls and patients with active VL,
and use of CSA for diagnosis, especially in an area where the
disease is endemic, can pose difficulties. rK39, however, can be
safely used with confidence because an overlap in titers is rare,
as 1K39 is highly specific. Other diseases, like tuberculosis,
leprosy, and malaria, that are prevalent in areas where VL is
endemic and are known to cross-react with leishmanial antigen
pose diagnostic difficulties when the parasitic antigen is used
(25, 27). Nonspecific cross-reactivity might have contributed to
the higher anti-CSA antibody titers seen in the healthy controls
tested. With rK39, no such cross-reactivity was seen and anti-
body titers in sera from patients with these disorders were
=256 and there was no overlap, in contrast to the findings
observed when CSA was used.

The kinetics of anti-rK39 and -CSA antibody titers in pa-
tients who relapsed after an initial cure revealed interesting
results. In these patients, the titers of antibodies against both
rK39 and CSA fell immediately after treatment to 37% of the
baseline values. However, an antibody rise to levels higher than
the initial pretreatment levels was seen in these patients when
they presented again with active disease. Once a second course
of treatment was successfully instituted, the titers fell along
predictable lines (Fig. 2). This rise in titers indicated a relapse
and could be used as a marker for an incomplete cure or a
relapse. Under these conditions the rK39 and CSA antigens
performed equally.

At the 6-month follow-up, a sharp decline of 14-fold was
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FIG. 1. Titers of anti-CSA and anti-rK39 antibodies of VL patients (n = 9) at DO (at diagnosis), 20 (day 20 of treatment), 3M (3 months
posttreatment), 4M (4 months posttreatment), OR (at relapse), 20R (day 20 of treatment after relapse), 3MR (3 months posttreatment after
relapse), 4MR (4 months posttreatment after relapse), and 6MR (6 months posttreatment after relapse). The anti-CSA and anti-rK39 antibody
titers were individually determined by ELISA as described in Materials and Methods.
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FIG. 2. Titers of anti-CSA and anti-rK39 antibodies in patients
with symptomatic Indian VL, healthy controls (HL), and those with
other infectious diseases (OD), like tuberculosis, leprosy, and malaria.
The anti-CSA and anti-rK39 antibody titers were individually deter-
mined by ELISA as described in Materials and Methods. Results are
reported as mean antibody titers * the standard deviation.

seen with rK39, and this could be taken as a characteristic of a
definitive cure, in contrast to a relapse. With CSA, however,
the fall was only 2.3-fold at 6 months. Anti-CSA antibody titers
at 6 months remained high in several patients, making it im-
possible to use them as a marker for a cure.

Since the findings indicate a decline in anti-rK39 antibody
titers at the end of therapy with a steep decline at 6 months, it
may become possible to distinguish between those who achieve
a permanent cure as opposed to those who are either refrac-
tory or relapse after an initial apparent cure. There are no
predictors of a successful response to therapy, except parasi-
tological methods, which have limited applications.

PKDL is an important sequel seen in 10 to 20% of kala-azar
patients (20). The majority of patients with PKDL have a
history of kala-azar with or without treatment (17), and PKDL
appears to be a result of kala-azar (24). A close relationship
between VL and PKDL is suggested by several studies. There
are antigenic similarities between the strains of L. donovani
causing VL and PKDL, suggesting that the parasite causing the
original visceral infection was also responsible for PKDL (3).
Isozyme characterization of isolates from Indian cases of
PKDL has been shown to be indistinguishable from those of
Indian kala-azar (zymodeme LON-41) (14). Recently, a study
by Salotra et al. (20) revealed that the humoral immune re-
sponse of PKDL patients is quite distinct from that of kala-azar
patients.

Thus, the rK39 antigen has great utility in the unambiguous
diagnosis of VL and is much superior to crude parasite antigen.
Several rapid immunochromatographic formats are under
evaluation (28), and if the high degree of sensitivity and spec-
ificity demonstrated in our experiments could be transferred to
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rapid testing formats, invasive and risky procedures like spleen
or bone marrow aspiration could be eliminated for the major-
ity of patients presenting for the first time with VL. The sharp
decline in titers correlated well with a definite cure and can be
applied in clinics, whereas in relapsing patients a rise after an
initial fall was a good indicator. Although it is difficult, if
semiquantitative strips could be manufactured, an attempt
could be made to predict cure and relapse.
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