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This study evaluated the performance of immunoblotting with Leishmania infantum soluble antigens for the
diagnosis of visceral leishmaniasis in human immunodeficiency virus (HIV)-infected and immunocompetent
patients and assessed the humoral responses of patients coinfected with HIV and Leishmania. In this work, the
results of the immunoblot analysis were compared to those of parasitological examination (Giemsa-stained
smears and/or parasite isolation in Novy, Nicolle, and MacNeal medium from bone marrow) and indirect
immunofluorescence and counterimmunoelectrophoresis techniques. Patients were considered to be infected if
one or more of the comparison techniques gave a positive result. Immunoblotting was considered to be positive
if at least one band was present. For 198 HIV-positive patients with a clinical suspicion of visceral leishman-
iasis, immunoblot analysis had a sensitivity of 70.6%, a specificity of 73.2%, and an accuracy of 72.7%. For a
separate group of 40 immunocompetent patients not infected with Leishmania, the immunoblot analysis was
negative for all patients (100% specificity), and for a third group of 32 immunocompetent patients with
confirmed visceral leishmaniasis, the immunoblot analysis was positive for all patients (100% sensitivity). Sera
of coinfected patients recognized few bands and recognized bands at lower intensities compared with sera from
immunocompetent patients. The most frequently detected band was 63 to 66 kDa (55.9%), with the difference
being statistically significant compared to frequency of detection of the other bands. This study confirms that
the humoral response in patients coinfected with HIV and Leishmania is much lower than that in immuno-
competent patients and that the immunoblot method is a sensitive, noninvasive, and specific serological
technique for the diagnosis of visceral leishmaniasis in immunocompromised patients.

Leishmaniasis is present in 88 countries, and, worldwide,
more than 350 million people are exposed to the infection (25).
In the Mediterranean basin, the visceral form of leishmaniasis
is a significant cause of morbidity. Mediterranean visceral
leishmaniasis (VL) is often acquired at an early age as infant
kala-azar (2). Since the mid-1980s there has been a dramatic
increase in the number of leishmanial infections in human
immunodeficiency virus (HIV)-infected patients in the Medi-
terranean areas where Leishmania infantum is endemic. This
increase has led to a marked shift in the age pattern of VL
infection, from infants to adults. In southern Europe, 50% of
adult VL cases are now related to HIV infection (10).

Definitive diagnosis of VL is mainly based on the demon-
stration of the parasite in bone marrow or by the detection of
antileishmanial antibodies in serum, which has the advantage
of being noninvasive. Antileishmanial antibodies have been
proven to be of high diagnostic value in immunocompetent
patients and can be detected by various methods, such as
indirect fluorescent immunoassay (IFI), enzyme-linked immu-
nosorbent assay, counterimmunoelectrophoresis (CIE), or di-
rect agglutination test, performed with the whole parasite or
crude promastigote lysates. However, in patients with AIDS
the humoral immune response to L. infantum may be weak or
negative (6). Since early diagnosis is of great importance for
the effective treatment of this potentially fatal infection, it

seems necessary to develop a simple, noninvasive, sensitive,
and specific tool for the laboratory diagnosis of VL in immu-
nocompromised patients. The immunoblot technique for the
detection of antibodies to the 14- and 16-kDa antigens has
been successful in the diagnosis of VL in immunocompetent
patients, in whom it shows a high sensitivity (100%) and a high
specificity (98%) (18).

The aim of the present study was to investigate whether the
immunoblot technique can be used to diagnose VL in immu-
nocompromised patients when the results of the immunoblot
technique were compared with those of parasitological exam-
ination, IFI, and CIE.

MATERIALS AND METHODS

Patients. Four groups of human sera were studied. These belonged to (i) 198
HIV-positive adult patients with clinical suspicion of VL (patients who showed
signs and symptoms of VL, with fever and hepatosplenomegaly found to be the
most common); (ii) 32 immunocompetent people (19 adults and 13 children)
confirmed to have VL (patients with positive results by parasitological examina-
tion or a positive result by at least one serological test); (iii) 11 healthy blood
donors with negative results by serological tests (CIE and IFI); and (iv) 29
immunocompetent patients with other confirmed diseases (4 with toxoplasmosis,
3 with malaria, 6 with trypanosomiasis, 2 with helminthiasis, 4 with leptospirosis,
4 with tuberculosis, 4 with hepatitis, and 2 with cutaneous leishmaniasis [1
infected with the L. infantum MON-29 zymodeme and another infected with L.
guyanensis]) but with no antileishmanial antibodies as detected by IFI and CIE.

Parasitological and serological methods. Parasitological examination was per-
formed by microscopic observation of Giemsa-stained smears and/or parasite
isolation in Novy, Nicolle, and MacNeal (NNN) medium (19) from bone marrow
for 35 of the 198 immunocompromised patients. For all patients with negative
results by direct examination, cultures were also carried out. Cultures were
incubated at 24°C, subcultured, and examined weekly for 5 weeks.

Serological methods were carried out for all 198 immunocompromised pa-
tients and the groups of healthy blood donors and patients with other diseases.
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IFI was carried out by the technique described previously (1). The antigen was
prepared from the L. infantum MON-1 zymodeme, which was maintained by
weekly passage in NNN medium. A dilution of 1:50 was considered the cutoff
point (4).

CIE was performed as described elsewhere (5). The antigen was prepared
from L. infantum MON-1 as described by Mansueto et al. (16). Serum samples
were used undiluted. All reactions with at least one precipitation arc were
considered positive (6).

Immunoblot assay. Stationary-phase promastigotes from L. infantum MON-1
with no more than five subcultures in NNN medium were used as antigen.
Extraction of total parasite antigens was carried out as described by Santos-
Gomes and Abranches (22). Briefly, promastigotes were centrifuged at 1,000 3
g for 15 min at 22°C. The pellet was resuspended in Locke’s solution and was
washed three times. The final pellet was resuspended in Tris-buffered saline
(TBS; 20 mM Tris-HCl, 150 mM NaCl [pH 7.4]) with 3% (vol/vol) protease
inhibitors (N-d-p-tosyl-L-lysine chloromethyl ketone, 1-chloro-4-phenyl-3-tosyl-
amido-L-butane, and phenylmethylsulfonyl fluoride). The membrane-bound pro-
teins were released by the addition of 10% (wt/vol) sodium dodecyl sulfate
(SDS). The lysates were passed repeatedly through a fine-gauge needle to shear
the DNA. The samples were incubated at 22°C for 30 min. The insoluble material
was removed after centrifugation at 10,000 3 g for 10 min.

The antigens for Western blotting (Wb) were separated by SDS-polyacryl-
amide gel electrophoresis (PAGE) with a 10% (wt/vol) polyacrylamide gel.
SDS-PAGE was performed as described by Laemmli (15). The separated anti-
gens were transferred to nitrocellulose membranes (Gelman Sciences, Ann Ar-
bor, Mich.) after being briefly stained with Ponceau S (BDH, Poole, England)
and blocked in TBS–3% bovine serum albumin (Boehringer Mannheim, GmbH,
Mannheim, Germany), overnight. The nitrocellulose was cut into vertical strips,
and each strip was incubated with human serum for 1 h. The sera were used at
a fixed dilution (1:100), as described by Marty et al. (17). After being washed and
incubated for 1 h with anti-human immunoglobulin G (IgG) (g chain specific)
alkaline phosphatase conjugate (Sigma Chemical Company, St. Louis, Mo.)
diluted 1:1,000 in TBS–3% bovine serum albumin, the sera were developed with
alkaline phosphatase substrate buffer (0.04 mM 5-bromo-4-chloro-3-indolyl
phosphate [Sigma Chemical Company], 0.37 mM nitroblue tetrazolium [Sigma
Chemical Company], 10 mM NaCl, 10 mM Tris base, 0.25 mM MgCl2). The
color reaction was stopped by washing with distilled water. All assays were
performed with 50 mg of total protein per strip.

The criterion for positivity is the presence of at least one band, since the sera
from the control groups (healthy blood donors and patients with other diseases)
did not recognize any leishmanial antigen.

Statistical methods. For quality control, we assessed the quality of the tests by
calculating their sensitivity (Tp/Tp 1 Fn), specificity (Tn/Tn 1 Fp), and accuracy
(Tp 1 Tn/P 1 N), where Tp is the number of true-positive specimens, Fp is the
number of false-positive specimens, Tn is the number of true-negative speci-
mens, Fn is the number of false-negative specimens, P is the total number of
positive specimens, and N is the total number of negative specimens. Accuracy
indicates the proportion of patients correctly classified by the test (11). The
choice of a reference test for positive results was difficult because classical
serological reactions have very low sensitivity as tests for the diagnosis of VL in
immunocompromised patients (6) and parasitological examination is generally
positive for patients with large parasite loads (3). Thus, patients were considered
to be positive if one or more of the comparison techniques gave a positive result
and were considered to be negative if all the comparison techniques gave a
negative result.

The McNemar x2 test was used when comparing Wb and other diagnostic tests
and was considered significant with a 5% significance level (P , 0.05). The
statistical test with a normal distribution was applied to assess the significance of
the frequency of bands by Wb. Results were considered significant with a 5%
significance level (P , 0.05).

RESULTS

Wb was positive for 68 of 198 (34.3%) serum samples from
HIV-positive patients. For 24 samples Wb and at least one of
the other tests were positive, while for 44 samples Wb was
positive and the other tests were negative. For a total of 34
samples for which at least one of the other techniques was
positive, Wb was negative for 10 (Table 1). Parasitological
examination was positive for 16 patients (45.7%) and was neg-
ative for another 19 patients, and the Wb result matched these
results for 14 serum samples from the first group and 8 samples
from the second group. In one of two patients with a positive
result by parasitological examination and a negative result by
Wb, L. donovani MON-18 was the zymodeme responsible for
infection. For 198 serum samples tested by IFI, only 8 had
significant titers (4.0%), with 6 of them being positive by Wb.
The Wb result was also positive for 62 serum samples without
significant titers by IFI. CIE was tested with serum samples
from the same 198 patients and was positive for 27 (13.6%); for
18 of these samples and for 50 serum samples which were
negative by CIE, the Wb result was positive (Table 1).

Wb was positive for 100% of the 32 serum samples from
immunocompetent patients with VL and was negative for
100% of the serum samples from 11 healthy blood donors and
29 patients with other confirmed diseases.

For the immunocompromised patient group, the McNemar
x2 test showed significant differences when the Wb result was
compared with those of each of the other serological tests (P ,
0.05) but did not show significant differences when the Wb
result was compared to the result of the parasitological exam-
ination (P . 0.05). For these patients, Wb showed a sensitivity
of 70.6%, a specificity of 73.2%, and an accuracy of 72.7%
compared to the results of the reference test.

For the 40 immunocompetent patients known to not be
infected with Leishmania, the specificity of Wb was 100%.

Sera from both the immunocompromised and immunocom-
petent patients recognized leishmanial antigens with molecular
masses ranging from 200 to 21 kDa (Table 2). The antigenic
bands most frequently recognized were 63 to 66 and 95 to 97
kDa. The difference between the frequency of the band of 63
to 66 kDa and the frequency of each of the other bands is
statistically significant (P , 0.001).

For the immunocompromised patients, the antigenic bind-
ing patterns were very heterogeneous, with 33 of 68 (48.5%)
serum samples recognizing one band and only 2 of 68 (2.9%)
serum samples recognizing five or more bands. The intensities
of the bands was generally lower for immunocompromised
patients than for immunocompetent patients (Fig. 1). For the
immunocompetent patients, the antigenic binding patterns
were as follows: sera from 15 patients (46.9%) recognized five

TABLE 1. Comparison of results of immunoblotting and the reference tests for immunocompromised patients suspected of having VL

Wb result

No. of specimens with the indicated result by the following test:

Parasitological examination IFI CIE Reference testa

Positive Negative Positiveb Negative Positivec Negative Positive Negative

Positive 14 8 6 62 18 50 24 44
Negative 2 11 2 128 9 121 10 120

Total 16 19 8 190 27 171 34 164

a The reference test was considered positive if the results of any one or more of three methods (IFI, CIE, or parasitological examination) were positive.
b Titer, $1:50.
c At least one precipitation arc.
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or more bands and serum from only one patient (3.1%) rec-
ognized one band.

DISCUSSION

This study confirms that the specificity of Wb can be ex-
tremely high (100%) when it is used to test for VL in immu-
nocompetent people, even in patients infected with diseases
which often produce cross-reactions when classical serological
methods are used, such as African trypanosomiasis, tubercu-
losis, and malaria (13, 14). In two cases of cutaneous leishman-
iasis in immunocompetent patients (one caused by L. infantum
MON-29 and the other caused by L. guyanensis [7]), the im-
munoblotting result was negative. However, this is not neces-
sarily related to the use of heterologous antigen because the

production of antibodies is not usual in patients with noncom-
plicated cutaneous leishmaniasis. The same conclusion can be
applied to a patient with AIDS and VL from whom L. dono-
vani MON-18 was isolated, since in a significant number of
coinfected patients antibodies are not found (6). However, we
did not observe the high degree of specificity found for sera
from immunocompetent individuals when we tested sera from
immunocompromised patients (specificity of Wb, 73.2%), a
fact that could be related to the lack of sensitivity of the
reference tests.

Techniques like IFI and CIE have been widely used as tools
for the diagnosis of VL in immunocompetent patients, showing
high values of sensitivity and specificity (12, 16); nevertheless,
in a previous study of patients who were coinfected with HIV
and Leishmania and who had a positive classical parasitological
examination, the sensitivities of IFI and CIE were 36.8 and
47.0%, respectively (6). Evidence from the present study com-
paring the results of Wb, IFI, and CIE to those of parasitolog-
ical examination suggests that Wb may have a higher sensitivity
than IFI and CIE. Furthermore, the test was positive for 44
serum samples from patients for whom all the other tests were
negative. It is possible that some of the patients who were
positive by Wb and negative by classical serological tests could
be infected with L. infantum, and as a consequence, the real
sensitivity of Wb with sera from coinfected patients could be
higher than 70.6% and the true specificity could also be in-
creased.

In this study the antigenic binding patterns obtained by im-
munoblotting for immunocompromised patients were different
from those found by ourselves and other investigators for im-
munocompetent people (18). Among the sera from the group
of 198 immunocompromised patients studied, only 2.9% rec-
ognized five or more antigenic fractions. In contrast, 46.9% of
32 VL immunocompetent patients’ sera recognized five or
more bands. The existence of a great number of antigenic
bands in immunocompetent patients has also been reported by
Rolland et al. (21).

In this work we found that in immunocompromised people
it was not possible to recognize a characteristic band or range
of bands associated with VL. The most frequently recognized
band was 63 to 66 kDa, and it was detected in 55.9% of the
sera. This band could be related to the major superficial anti-
gen gp63 of the parasite. This antigen has been proposed as a
potential diagnostic antigen by several investigators (8, 20, 23)
but was found by others not to induce a significant antibody
response (24). The use of cultured virulent promastigotes
from the stationary phase could be important as a means of
obtaining an immunodominant antigen. Santos-Gomes and
Abranches (22) showed that gp63 from virulent L. infantum
strains is much more reactive against an anti-gp63 serum than
gp63 obtained from attenuated strains.

Low-molecular-mass antigens like the 32-kDa (9, 24) and
the 14- to 16-kDa (18) antigens, usually reported as immuno-
dominant antigens, were rarely found in this study. However,
strict comparisons between our results and others reported in
the literature are rather difficult because of the variability in
techniques and the use of different antigens.

The work performed in the study described here confirms
that the humoral response in patients coinfected with HIV and
Leishmania is much lower than that in immunocompetent
ones, as shown by differences in the numbers and intensities of
bands. It has also been demonstrated that the immunoblot
method used in the present study is a relatively sensitive, non-
invasive serological technique for the diagnosis of VL caused
by the L. infantum MON-1 zymodeme in patients coinfected
with HIV and Leishmania. For these reasons it seems that

TABLE 2. Frequency of L. infantum MON-1 antigens recognized
by sera from 68 immunocompromised patients suspected of having

VL and 32 immunocompetent patients confirmed to have VL

Polypeptide molecular
mass (kDa)

% of sera from:

Immunocompromised patients
suspected of having VL

Immunocompetent
patients with VL

200 10.3
150 4.4
116 7.4 9.4

97–95 30.9 71.9
81 5.9 28.1

75–70 13.2 21.9
67 9.4

66–63 55.9 93.8
60 6.3

58–55 4.4 59.4
50 17.6 9.4
45 13.2 15.6
40 9.4

38–35 8.8 40.6
31 11.8 15.6

26–21 4.4 3.1
,21 2.9

FIG. 1. Immunoblot of sera from immunocompetent (A) and immunocom-
promised (B) patients with VL, showing the differences in both the numbers and
the intensities of the bands. The molecular mass markers (indicated on the left)
are in kilodaltons.
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immunoblotting is a promising technique, although it needs
further evaluation for application in routine diagnostic labora-
tories.
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