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Visceral leishmaniasis, or kala-azar, a fatal tropical disease, remains problematic, as early diagnosis is
difficult and treatment often results in drug resistance and relapse. We have developed a sensitive enzyme-
linked immunosorbent assay (ELISA), using leishmanial membrane antigenic extracts (LAg) to detect specific
antibody responses in 25 untreated Indian visceral leishmaniasis patients. To investigate the pathogenetic
significance of isotype markers in kala-azar, relative levels of specific immunoglobulin G (IgG), IgM, IgA, IgE,
and IgG subclasses were analyzed under clinically established diseased conditions. Since LAg showed higher
sensitivity for specific IgG than lysate, the immunoglobulin isotype responses were evaluated, with LAg as
antigen. Compared to 60 controls, which included patients with malaria, tuberculosis, leprosy, and typhoid and
healthy subjects, visceral leishmaniasis patients showed significantly higher IgG (100% sensitivity, 85% spec-
ificity), IgM (48% sensitivity, 100% specificity), and IgE (44% sensitivity, 98.3% specificity) responses. Low
levels of IgA in visceral leishmaniasis patients contrasted with a 13-fold-higher reactivity in sera from patients
with leprosy. Among IgG subclasses, IgG1, -3, and -4 responses were significantly higher in visceral leishman-
iasis patients than in the controls. IgG2 response, however, was significantly higher (twofold) in leprosy than
even visceral leishmaniasis patients. The rank orders for sensitivity (IgG = IgG1 = IgG3 = IgG4 > IgG2 >
IgM > IgE > IgA) and specificity (IgM = IgG3 > IgE > IgG4 > IgG2 > IgG > IgG1 > IgA) for LAg-specific

antibody responses suggest the potentiality of IgG3 as a diagnostic marker for visceral leishmaniasis.

Human visceral leishmaniasis, kala-azar, is a tropical disease
caused by the protozoan parasites of the Leishmania donovani
complex. The parasites multiply in the macrophages of the
spleen, liver, bone marrow, and lymph nodes, resulting in a
progressive disease which is invariably fatal if untreated. In-
fection by L. donovani in humans induces T-cell anergy as
assessed by the depression of delayed-type hypersensitivity re-
action and failure of peripheral blood T cells to proliferate (18,
19) and to produce gamma interferon (IFN-y) and interleukin
(IL)-2 in response to Leishmania antigens (8, 11). Cytokine
analysis reveals enhanced induction of IFN-y, IL-10, and/or
IL-4 mRNA in tissues (16, 23), and the enhanced presence of
IL-4 in circulation (40) of kala-azar patients. While the pres-
ence of these cytokines suggests a coexistence of Th-1- and
Th-2-like responses in the clinical stage of the disease, the
absence of IL-2 points to the dominance of the Th-2 response.
The disease is also characterized by high levels of Leishmania-
specific antibodies (3). Since cytokines elaborated by activated
T cells are required for the regulation of isotype switch during
B-cell development (15, 24, 37), a study of the subclass distri-
bution of the antibodies may shed new light on the processes
involved in the polarization of the immune responses during
disease. Leishmanial membrane antigens of L. donovani (LAg)
have been effectively used to investigate immunological re-
sponses during disease progression in murine models of vis-
ceral leishmaniasis (2). Herein, we report the subclass distri-
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bution and the fine specificity of the antibody response to LAg
in the sera of Indian kala-azar patients.

MATERIALS AND METHODS

Study subjects. The subjects of the present investigation were 25 Indian pa-
tients with visceral leishmaniasis admitted to School of Tropical Medicine, Cal-
cutta, India. These patients came from Bihar (eastern India), one of the main
areas of endemicity. Diagnosis of these patients was confirmed parasitologically
by the demonstration of Leishmania amastigotes in spleen and/or bone marrow
aspirates. Blood was obtained after diagnosis, before the initiation of chemo-
therapy. Sixty individuals included as controls consisted of 15 malaria patients
infected with Plasmodium falciparum or Plasmodium vivax or both, 10 typhoid
patients, 15 tuberculosis patients, 8 leprosy patients, and 12 healthy controls from
the Indian Institute of Chemical Biology (IICB). The endemic diseases were
confirmed bacteriologically in the case of typhoid, tuberculosis, and leprosy and
parasitologically in the case of malaria, and sera were collected before treatment.

Preparation of antigen. L. donovani AG83, originally isolated from an Indian
kala-azar patient, was cultured in vitro for antigen preparation as described
earlier (1). Briefly, stationary-phase promastigotes, harvested after the third or
fourth passage, were washed four times in cold phosphate-buffered saline (PBS)
(pH 7.2) and resuspended at a concentration of 1.0 g of cell pellet in 50 ml of cold
5 mM Tris-HCI buffer, pH 7.6. The suspension was vortexed and centrifuged at
2,310 X g for 10 min. The crude ghost membrane pellet thus obtained was
resuspended in the same Tris buffer and sonicated in an ultrasonicator. The
suspension was centrifuged at 4,390 X g for 30 min, and the supernatant con-
taining the LAg was harvested and stored at —70°C until use. The amount of
protein obtained from 1.0 g of cell pellet, as assayed by the method of Lowry et
al. (26), was 16 mg. The lysate used in this study was prepared from 5 X 107
stationary-phase promastigotes per ml according to the method of Jaffe and Zalis
(21). Protein concentration (5 mg/ml) was assessed as described above.

Enzyme-linked immunosorbent assay (ELISA). For serological studies, micro-
titer plates (Tarsons) were coated overnight with 2 pg of lysate or LAg per well.
For Leishmania-reactive immunoglobulin G (IgG), IgM, IgA, and IgE antibody
determination, the antigen-coated plates were incubated with sera diluted
1:1,000-fold, and reacted with peroxidase-conjugated goat anti-human IgG, IgM,
IgA, and IgE polyclonal antibodies (Sigma Immunochemicals) at a 1:5,000 dilu-
tion and developed with o-phenylenediamine dihydrochloride (1). For IgG sub-
class determination, human sera were reacted with mouse anti-human IgG1,
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FIG. 1. Dot plots showing specific IgG responses (absorbance values) of sera from healthy controls and patients with visceral leishmaniasis, malaria, typhoid,
tuberculosis, and leprosy to leishmanial lysate (a) and LAg (b). The horizontal bars represent the means * standard deviations for the different groups. The dotted

line indicates the cutoff value (mean of healthy controls + 2 standard deviations).

1gG2, IgG3, and IgG4 monoclonal antibodies (1:3,000 dilution; Sigma Immuno-
chemicals). Bound antibodies were detected with peroxidase-conjugated goat
anti-mouse IgG (1:5,000 dilution; Sigma Immunochemicals) (1).

Statistical analysis. All data comparisons were tested for significance by using
Student’s ¢ test; P values of < 0.05 were considered significant. The lower limit
of positivity (cutoff) was determined by the mean of healthy controls + 2 stan-
dard deviations (13, 14).

RESULTS

Serum IgG specificity for L. donovani lysate and LAg. Re-
activities of serum IgG antibodies of kala-azar patients to the
parasite lysate were compared to those of LAg. At a 1:1,000
dilution of sera, 20 of 25 patients were positive for the lysate,
with IgG absorbance values ranging from 0.319 to 0.493 (Fig.
1a). Reactivity with LAg, however, resulted in 100% sensitivity,
with significantly higher IgG absorbance values (1.517 to 2.066;
Fig. 1b). Serum specimens from patients with diseases such as
malaria, typhoid, tuberculosis, and leprosy were negative for
the lysate, and only 1 of 12 serum samples from normal control
individuals analyzed was found to be positive (Fig. 1a). Con-

versely, 1 of 12 healthy controls and 1 of 15 malaria patients
were positive, while all typhoid and tuberculosis serum speci-
mens were negative for LAg (Fig. 1b). The highest cross-
reactivity was observed with sera from leprosy patients (seven
of eight samples). However, the mean = standard deviation of
IgG absorbance (0.403 = 0.176) of these specimens was just
above the cutoff value of 0.276 and significantly lower than the
mean IgG response observed with kala-azar patient sera. Since
antibody reactivities of sera from kala-azar patients with LAg
were higher than with lysate and 100% sensitive, Ig subclass
distribution analysis was restricted to LAg.

LAg-specific serum Ig antibodies. Antibody reactivities of
IgG, IgM, and IgE of sera from patients with visceral leish-
maniasis with LAg were significantly higher than those of nor-
mal controls and those of patients with other diseases such as
malaria, typhoid, tuberculosis, and leprosy (P < 0.05; Table 1).
The IgA reactivity with LAg was, however, predominant in
sera from patients with leprosy, with titers 13-fold higher than
those even of patients with visceral leishmaniasis.

TABLE 1. Comparison of the serological responses of visceral leishmaniasis to other diseases

R Antibody level® No. of
Serogroup .

IgG IgM IgA IgE patients
VL 1.839 = 0.143° 0.878 = 0.455¢ 0.039 = 0.084 0.083 = 0.043¢ 25
HC 0.094 = 0.091 0.250 = 0.295 0.051 = 0.93 0.022 = 0.035 12
MAL 0.085 = 0.100 0.140 = 0.130 0.002 = 0.007 0.003 = 0.004 15
TYP 0.031 = 0.037 0.158 = 0.205 0.091 = 0.162 0 10
TB 0.110 = 0.078 0.315 = 0.281 0.158 = 0.189 0 15
LEP 0.403 = 0.176° 0.249 = 0.246 0.518 = 0.312°¢ 0.006 = 0.011 8
Total 85

¢ Absorbance values (means * standard deviations).

b VL, visceral leishmaniasis; HC, healthy controls; MAL, malaria; TYP, typhoid; TB, tuberculosis; LEP, leprosy.
¢ Significantly different (P < 0.05) from the value for healthy control group as calculated by Student’s ¢ test.
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FIG. 2. LAg-specific antibody reactivities of IgG subclasses (absorbance values) of individual sera from healthy controls and patients with visceral leishmaniasis,
malaria, typhoid, tuberculosis, and leprosy. The horizontal bars represent the means = standard deviations for the different groups. The dotted line indicates the cutoff

value (mean of healthy controls + 2 standard deviations).

Antigen-specific distribution of serum IgG subclasses. Since
the analysis of sera from patients with kala-azar revealed high
levels of IgG antibody response to LAg, the IgG subclass
specificity was further examined. The results demonstrate that
serum samples from all 25 visceral leishmaniasis patients were
positive for IgG1, IgG3, and IgG4 antibodies, whereas 21 of 25
had antibodies of the IgG2 subclass (Fig. 2). All these IgG
subclasses showed significantly higher reactivity with LAg than
normal controls with the dominance of IgG1, in agreement
with a previous report (38). While LAg-specific reactivities of
all the IgG subclasses were minimal with sera from patients
with other diseases, sera from patients with leprosy showed
significant levels of antibody responses. Seven of eight samples
tested had IgGl and IgG2 subclasses, and four had IgG4.
Moreover, the mean IgG2 response in sera from patients with
leprosy was twofold higher even than that of patients with
visceral leishmaniasis (Fig. 2). Surprisingly, however, samples
of neither leprosy nor any disease other than kala-azar had
LAg-specific IgG3 subclass antibodies. Table 2 summarizes the
sensitivity and specificity of IgG, IgM, IgE, and IgG subclasses
of sera from patients with visceral leishmaniasis.

TABLE 2. Percent sensitivity and specificity of IgG, IgM, IgA, IgE,
and IgG subclasses in visceral leishmaniasis patients

Antibody Sensitivity” (%) Specificity” (%)
IgG 100 85.0
IgM 48 100.0
IgA 4 80.0
IgE 44 98.3
IgG1 100 83.3
IgG2 84 86.6
1gG3 100 100.0
IgG4 100 91.6

“ Calculations were done with respect to the ELISA cutoff values of 0.276,
0.840, 0.237, 0.092, 0.102, 0.108, 0.132, 0.095 optical density for IgG, IgM, IgA,
IgE, 1gG1, IgG2, IgG3, and IgG4, respectively.

DISCUSSION

We found that while a high proportion of Indian kala-azar
patients have elevated levels of anti-LAg IgG, IgM, IgE, and
IgG subclass antibodies, IgG, IgG1, 1gG3, and IgG4 were
present in sera from all the patients, with IgG3 being specifi-
cally associated with this disease. Although investigations in
murine models of Leishmania major and L. donovani infections
clearly demonstrate a Th-2/IL-4/IgG1 relationship with disease
progression, and a Th-1/IFN-y/IgG2a relationship with resis-
tance and protective immunity (1, 2, 4), such a relationship in
humans is not fully understood. An association between anti-
body isotypes, cytokine profiles, and pathogenesis has been
made for some diseases such as leprosy (12, 20), AIDS (6, 27),
lymphatic filariasis (25), onchocerciasis (32), and malaria (28).
In American cutaneous leishmaniasis, strong cell-mediated im-
munity and the predominance of IgG1, IgG2, and IgG3 iso-
types in localized cutaneous and mucocutaneous leishmaniasis
have been linked with Th-1 reactivity, whereas IgG4 subclass
antibody response in sera of diffuse cutaneous leishmaniasis
patients has been correlated with a Th-2 cell response (7, 9, 29,
35). Cytokine analysis of human visceral leishmaniasis suggests
that the Th-2 response will be stronger than the Th-1 response
during the active phase of the disease (8, 16, 23, 40). Investi-
gations of IgG subclass response during disease show signifi-
cant stimulation of all the IgG subclasses in Sudanese patients,
with higher levels of IgG3 and IgG4 than IgG1 (13). Con-
versely, Venezuelan patients have a dominant IgG1 response
followed by IgG4 (38). Indian kala-azar patients also showed a
predominant IgG1 subclass antibody response, but the levels of
IgG3, IgG4, and IgG2 were also significant. These subclasses
of human IgG are endowed with unique biological and func-
tional properties, including their response to different types of
antigens (22). The elicitation of IgG1, IgG3, and IgG4 anti-
bodies in kala-azar sera may be due mostly to the presence of
protein antigens, and the elicitation of IgG2 antibodies in
kala-azar sera may be due mostly to the presence of carbohy-
drate antigens, as reported for viral, bacterial, and parasitic
infections (6, 12, 20, 25, 32). Induction of IgG1 and IgG2 is
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IFN-y dependent, and IgG3 and IgG4 depend on IL-4 and are
down regulated by IFN-y (15, 24). The elevation of IFN-y in
kala-azar patients (23, 40) and the strong reactivity of IgG1
during disease appear to be consistent with the above obser-
vations. Their presence, however, fails to control the infection.
The absence of IL-2, a Th-1 mediator, suggests a lack of Th-1
response during disease (8, 11). Stimulation of serum IgG3 and
IgG4 during infection, together with the expression of cyto-
kines such as IL-10 and IL-4 (16, 40), which are also respon-
sible for the upregulation of these IgG subclasses, provides
further evidence in support of a Th-2 cell response in deter-
mining the outcome of the disease. One explanation for the
presence of IgG1 in kala-azar patients may be due to IFN-y
derived from alternative cell sources such as natural killer cells
and yd T cells (10, 39).

LAg-associated serological responses of patients with dis-
eases other than kala-azar were observed to be maximal for
leprosy for all isotypes except IgM, IgE, and IgG3. In contrast
to a previous report of low reactions of leprosy sera with
soluble extracts of Leishmania promastigote antigen for all
isotypes (38), LAg gave strong reactions with IgG, IgA, IgG1,
and IgG2 and low reactivity with IgG4. Further, reactions with
IgA and IgG2 were 13- and 2-fold higher, respectively, than
even kala-azar patient sera. Leprosy sera show reactivity with
lipoarabinomannan B (LAM), a carbohydrate component of
Mycobacterium leprae, through IgG2 and 1gG4 and rarely with
IgG3 (12). Phenolic glycolipid (PGL-1), another cell wall car-
bohydrate of M. leprae, reacts strongly with IgA (31) and IgG1
(12) antibodies in leprosy sera. While it is not understood how
antibodies in leprosy sera react with LAg, these observations
point to cross-reacting epitopes of LAM and PGL-1 in L.
donovani LAg.

Amongst all the Ig isotypes and IgG subclasses studied, only
IgG3 showed 100% sensitivity and specificity for LAg in vis-
ceral leishmaniasis patients. Hence, IgG3 antibody may be a
more specific marker for this disease than IgG, which shows
low cross-reactivity with other diseases and significant reactiv-
ity with leprosy. Moreover, we have found that although there
is a decline in the levels of IgG and its subclasses after suc-
cessful treatment, the decrease is maximal in IgG3 (data not
shown), suggesting that IgG3 may be a useful tool for diagnosis
as well as for the prognosis of visceral leishmaniasis. IgG3
elevation during leishmaniasis was reported earlier (13, 29, 34),
and high specificity and sensitivity for IgG3 have been found in
Sudanese visceral leishmaniasis patients (13). Better sensitivity
and specificity for IgG3 observed in our studies may be due
largely to the specificities of the antibodies to the antigen
studied (35) in addition to ethnic variation and differences in
parasite genotypes. The significance of IgG3 specificity in vis-
ceral leishmaniasis is not clearly understood. IgG3 in malaria is
associated with recovery from the fatal disease (33), and skew-
ing of the response toward the IgG3 subclass is merozoite
surface antigen 2 specific (30). In leprosy, disease progression
is correlated with selective increases in 1gG3, along with IgG1
responses (20). Another example of antibody response which is
significantly skewed toward IgG3 is the response to the outer
membrane protein of Branhamella catarrhalis (17). While there
are reports of involvement of T-cell-derived cytokines in the
regulation of switch factors for IgG3 (5, 24), little is known
about the factors which may preferentially induce the produc-
tion of IgG3 in humans. Functionally, IgG3 is considered to be
the most effective subclass for activating the complement path-
way (22) and is known to mediate cell lysis by monocytes or Fc
receptor-bearing lymphocytes (36). However, the protective
role of leishmania-specific antibodies in human visceral leish-
maniasis is still controversial. In conclusion, our serological
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data demonstrate the potentiality of LAg as an important an-
tigen in the diagnosis of the outcome of infection with L.
donovani, with IgG3 as a marker for the identification of indi-
viduals with visceral leishmaniasis.
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