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Abstract. Patients who recover from leishmaniasis usually show development of strong immunity and induction of
interferon-g (IFN-g) and delayed type hypersensitivity. In a randomized trial, we analyzed the IFN-g response by using a
Quantiferon–Leishmania assay against three Leishmania peptide antigens and compared it with results of the leishmanin
skin test (LST) in persons residing in areas in Iran to which zoonotic cutaneous leishmaniasis (ZCL, 181 persons),
anthroponotic cutaneous leishmaniasis (ACL, 104 persons), and zoonotic visceral leishmaniasis (ZVL, 67 persons) are
endemic. The percentage of persons with an IFN-g-positive response (> 0.2 IU/mL) to three antigens and the mean
concentration of IFN-g induced by the antigens were higher for persons from areas endemic for ZVL than for persons
from areas endemic for ZCL and ACL. The percentage of persons with LST-positive results (³ 5 mm indurations) was
99%, 94%, and 70% for areas with ZCL, ACL, and ZVL, respectively. Our data indicate that the LST is significantly
more sensitive than IFN-g levels in persons who have been cured of cutaneous leishmaniasis than in persons who have
been cured of ZVL.

INTRODUCTION

Leishmaniasis, caused by different species of protozoan par-
asites of genus Leishmania, is prevalent in different parts of
Asia, Africa, southern Europe, and Latin America. These par-
asites are intra-macrophage organisms in mammalian hosts and
can cause a wide range of diseases including cutaneous, muco-
sal, and visceral forms of leishmaniasis. Visceral leishmaniasis
is fatal if not treated.1,2

Three types of leishmaniasis are endemic in different regions
of Iran: zoonotic cutaneous leishmaniasis (ZCL) caused by
L. major, anthroponotic cutaneous leishmaniasis (ACL) caused
by L. tropica, and zoonotic visceral leishmaniasis (ZVL) caused
by L. infantum.3 We recruited volunteers from all these three
regions in this study.
In experimental murine models, the outcome of the disease

depends upon development of cell-mediated immune response
and is greatly influenced by expansion of specific T cell subsets.
In disease-resistant mice, infection with L. major parasites
results in a self-healing lesion associated with proliferation of
CD4+ T cell populations and production of interferon-g (IFN-g),
the Th1 response. In contrast, injection of the same parasite into
disease-susceptible mice will cause development of a non-
healing lesion with high level of interleukin-4 (IL-4), IL-10, and
other cytokines related to the Th2 response.4–6

In humans, clinical features of leishmaniasis are probably
multi-factorial but also depend upon the response of specific
T cell sub-populations. In vitro stimulation of peripheral blood
monocytes frompatients who recovered fromCLwithLeishmania
antigens leads to expansion of specific T cell populations,
which indicates up-regulation of the Th1-like subset that pro-
duces IFN-g and low levels of IL-4.7,8

A delayed-type hypersensitivity (DTH) reaction is an indi-
cator for cell-mediated immunity and is used in epidemiologic

investigations to determine exposure to Leishmania.9 A posi-
tive DTH reaction is a common feature after recovery from
leishmaniasis, which can be evaluated by using the leishmanin
skin test (LST).10 The LST response remains positive for
decades after recovery,11,12 making it possible to identify almost
all members of a population who have been infected.13 How-
ever, the LST is not a precise quantitative test, and exposes
persons to leishmanial antigens.
The QuantiFERON (QFN) (Cellestis, Chadstone, Victoria,

Australia) test is an in vitro procedure developed for mea-
surement of IFN-g under field conditions. In this study, we
evaluated induction of IFN-g by three specific antigens by
using the QFN test and compared its results with those of the
LST in volunteers in Iran who recovered from ZCL, ACL,
and VL. The aim of this study was to evaluate and compare
the performance of the QFN–Leishmania assay against that of
the LST in leishmaniasis-endemic foci in Iran.

PATIENTS AND METHODS

Study population and study design. Four groups of persons
were included in the study. The first group was composed of
121 persons who had recovered from ZCL (group ZCL-1,
34 males and 87 females, age range = 15–67 years, mean ± SD
age = 33.53 ± 14.84 years) and 60 persons who had recovered
from ZCL (group ZCL-2, 17 males and 43 females, age range =
12–70 years, mean ± SD = 39.78 ± 21.44 years) who resided in
rural disease-endemic areas of Damghan, 324 km east of
Tehran. For ZCL-1, Leishmania (Leish B) antigen was used.
However, for ZCL-2, Leish C, which contained additional pep-
tides to enhance reactivity, was used in the same area but at a
different time, as recommended by Cellestis.
The second group was composed of 104 persons who showed

healing of ACL (35 males and 69 females, age range = 9–
70 years, mean ± SD = 30.89 ± 13.64 years) who resided in urban
disease-endemic areas of Mashhad, 924 km east of Tehran.
The third group was composed of 67 persons (46 males and

21 females, age range = 2–21 years,mean ± SD age = 5.93 ± 3.16)
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from three areas endemic for ZVL caused by L. infantum.
These areas included Kalibar, Ahar, and Meshkin Shahr, which
are located approximately 700 km northwest of Tehran.
The fourth group was composed of 102 persons (71 males

and 31 females, age range = 17–72 years, mean ± SD age = 38 ±
12 years) from non-endemic areas of Tehran (relatives of chil-
dren who attended the Vaccination Division of the Pasteur
Institute of Iran, Tehran, and personnel from the Institute).
These persons were used as negative controls, had not spent
extensive periods of time in leishmaniasis-endemic areas, espe-
cially during the sand fly season, and their LST results were
zero. Persons with a history of infection were selected from
those foci, where on the basis of previous studies and epide-
miologic characteristics, the causative agents were most likely
L. major, L. tropica, or L. infantum.14–16

All persons in the four groups were clinically examined.
Those whomet inclusion criteria, but not exclusion criteria, were
enrolled in the study. Exclusion criteria were chronic illness,
immunosuppression, such as infection with human immuno-
deficiency virus, silicosis, cancer (leukemia or lymphoma),
gastrointestinal bypass surgery, diabetes mellitus, renal fail-
ure, recent major surgery, pregnancy, and lactation. After
persons completed a questionnaire and informed consent was
obtained, peripheral blood samples were collected and the
LST was performed. The study was approved by the ethics
committee of Pasteur Institute of Iran and registered in the
Iranian Registry of Clinical Trials (IRCT138705081033N1).
Sampling. A unique identifier (five-digit number) was

assigned to each person after he or she completion of an
informed consent form. Persons were identified only by their
numeric identifier on all data collection forms. Four milliliters
of peripheral blood was collected from each person, and 1 mL
was added to each of four QFN–Leishmania test blood collec-
tion tubes (Cellestis), which included a negative control tube,
a Leish A tube, a Leish B tube, and a mitogen-positive control
tube in the first study of ZCL. Because responses to Leish B
in the ZCL-endemic area were low, Leish C was used for
60 persons in ZCL area (group ZCL-2) and then in ACL and
ZVL areas. The trial of ZCL-2 was conducted in the same
disease-endemic area as for ZCL-1, but at different times and
with different persons. The mitogen tube may also serve as a
control for correct blood handling and incubation. Within
16 hours of collection, the tubes were incubated at 37°C for
16–24 hours, centrifuged, and plasma was removed and stored
at 2–8°C until used for assessment of IFN-g.
Leishmania antigens. Three QFN-Leish test tubes were

used in this study for induction of IFN-g: The first tube was
Leish A, which contained peptides from histone 2B (L. major
and L. infantum). The second tube was Leish B, which con-
tained the same antigen as Leish A plus additional peptides
corresponding to regions of promastigote surface antigen 2
(L. major and L. Infantum). The third tube was Leish C, which
contained Leish A peptides plus five peptides from nuclear
phosphoprotein 12.
IFN-g assessment. Measurement of IFN-g was carried out

by using an enzyme immunoassay (QFN–enzyme-linked
immunosobent assay [ELISA] Kit; Cellestis) according to the
procedure described by manufacturer. Each ELISA plate
used four dilutions of a standard preparation of IFN-g to
construct standard curves from which IFN-g levels in plasma
can be calculated. In brief, 50 mL of freshly prepared working-
strength conjugate was added to the required ELISA plate

wells. Fifty microliters of prepared standards or test plasma
samples was then added to appropriate wells. The plates were
covered and incubated at room temperature (22°C ± 5°C) for
120 ± 5 minutes in the dark. One hundred microliters of
enzyme substrate solution was added to each well and mixed
thoroughly by using a micro-plate shaker. Plates were covered
with a lid and incubated at room temperature (22°C ± 5°C)
for 30 minutes in the dark. Fifty microliters of enzyme stop-
ping solution was then added. The optical density (OD) of
each well was measured within 5 minutes of stopping the
reaction by using a micro plate reader (Anthos 2020; Anthos
Labtec, Salzburg, Austria) fitted with a 450 nm filter and with
a 620–650 nm reference filter. The OD values were used to
calculate results. Reported IFN-g concentrations are those
from Leish-stimulated samples minus the unstimulated nega-
tive control samples. Interferon-g values ³ 0.2 IU/mL were
considered a positive response as reported to give the highest
specificity and sensitivity.17 Mitogen control tubes from all
persons showed positive results, which indicated correct blood
handling and incubation of samples.
Calculation and interpretation. Data were entered into a

Microsoft (Redmond, WA) Excel spreadsheet. Regression
analysis was performed and the coefficient of variation for
the standards and the correlation coefficient (r) of the stan-
dard curve were calculated. Each ELISA was considered
valid when the mean OD value for 1 IU/mL IFN-g was
³ 0.600 and when the correlation coefficient calculated for
the standard curve was ³ 0.98.
Leishmanin skin test. The TDR/World Health Organiza-

tion reference leishmanin,18 which was produced under con-
ditions of good manufacturing practices, was used for skin
testing according to a reported procedure.19 In brief, 0.1 mL
of leishmanin was injected intradermal into the inner surface
of the left forearm. Diameters of indurations at the injec-
tion site was measured 48 hours later by using a millimeter-
graduated ruler and the ball point pen procedure.20 Indurations
³ 5 mm were considered as positive LST results.
Statistical analysis. Data were analyzed by using the z-test

for comparison of differences between percentage of LST-
positive persons and IFN-g positive persons. Amounts of
IFN-g were also compared in different groups by using the
t-test and SigmaStat 2.0 software (Jandel Scientific, Chicago,
IL). P values < 0.05 were considered significant. Correlations
between LST indurations and IFN-g production against all
antigens in different groups were analyzed by using linear
regression with log b2 values and SPSS statistical software
(SPSS Inc., Chicago, IL).

RESULTS

Positive responses for IFN-g and LST in persons with ZCL.
Two studies were carried out in ZCL-endemic areas. In the
first study, sensitivity of the Leish A and B QFN assays and
sensitivity of the LST were tested for 121 persons residing in
the disease-endemic area. As shown in Table 1, percentages
of IFN-g responders to Leish A and Leish B in persons who
had recovered from CL were 45.5% and 43.8%, respectively.
The LST showed 100% sensitivity in this area. In the second
study, which was conducted with 60 persons, the percentage
of IFN-g responders to Leish A and Leish C was 46.7% and
50.0%, respectively. Sensitivity of the LST was 98.3% in
this disease-endemic area. The LST-positive response was
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significantly higher than IFN-g response against Leish A and
Leish B (z-test value = 9.38, P < 0.001 and z-test value = 9.58,
P < 0.001, respectively) in the first study and also against
Leish A and Leish C in the second study (z-test value = 6.13,
P < 0.001 and z-test value = 5.84, P < 0.001, respectively). The
percentage of IFN-g responders to Leish A in persons from
the ZCL-1 and ZCL-2 areas was 45.86% (83 of 181).
Positive responses for IFN-g and LST in persons with ACL.

The percentages of IFN-g responders with a history of ACL
against Leish A and Leish C were 33.7% and 36.5%, respec-
tively. The sensitivity of the LST in persons with ACL was
94.4%. The LST responses were significantly higher than the
IFN-g responses against Leish A (z-test value = 8.43, P <
0.001) and Leish C (z-test value = 8.09, P < 0.001), as shown
in Table 1.
Positive responses for IFN-g and LST persons cured of

ZVL. The percentages of IFN-g responders with a history of
ZVL against Leish A and Leish C were 53.7% and 58.2%
respectively, which were not significantly different from per-
sons with positive LST results (70.2%) in this area. Responses
of persons from the area endemic for ZVL were significantly
higher than those from the area endemic for ACL against the
same antigens (z-test value = 2.43, P = 0.015 and z-test value =
2.63 P = 0.009, respectively).
Responses for IFN-g in healthy persons. Specificity of IFN-g

production was evaluated in healthy persons without a history
of leishmaniasis whose LST results were zero. Results showed
positive IFN-g responses in 10 of 102 healthy persons for Leish
A (specificity = 90.2%), and 14 of 102 persons for Leish C
(specificity = 86.3%). The difference between two groups was
not significant (z-test value = 0.854, P = 0.393).
Responses for IFN-g in persons who recovered from

leishmaniasis. As shown in Table 2, persons who recovered
from ZVL produced significantly higher levels of IFN-g against
Leish A (mean ± SE = 2.66 ± 0.61 IU/mL) than persons in the
ZCL-2 area (P = 0.029). No other significant difference was
observed for other groups or other antigens. Values for positive
controls (cells from all persons who responded to mitogen)

were 7–18 times higher than those to all three antigens, which
indicated that the conditions of culture were satisfactory.
Response related to time of assay after clinical cure. The

IFN-g response against Leish A and Leish C was analyzed in
cured persons from ZCL-2-, ACL-, and ZVL-endemic areas for
different periods (1–12 months, 13–30 months, 31–60 months,
and > 61 months post-recovery). The pattern of responses for
different periods was different for the three groups. After vis-
ceral disease, as in persons with ZVL, IFN-g- production against
Leish A and Leish C starts during the early periods, peaks by
13–30 months, and decrease thereafter. In persons from in the
ZCL-2 group, no difference in IFN-g production could be
discerned throughout the study periods (Figure 1). The magni-
tude of IFN-g response for a visceral disease (ZVL) during the
early period (1–12 month post-recovery) was significantly
higher than that of persons with ACL against Leish A (P =
0.003) and Leish C (P = 0.030). However, the difference for
persons in the ZCL-2 group was significant only for Leish A
(P = 0.017) during the same period. No statistically significant
differences were observed in other periods between persons
from different disease-endemic areas.

Table 1

Frequency of IFN-g-positive persons in response to Leishmania (Leish) antigens A, B, or C compared with LST-positive persons residing in areas
of Iran endemic for ZCL, ACL, and ZVL and in a non-endemic area*

Area
IFN-g responder to Leish A
(no. positive/no. tested)

IFN-g responder to Leish B
(no. positive/no. tested)

IFN-g responder to Leish C
(no. positive/no. tested)

Frequency of LST-positive response
(no. positive/no. tested)

Magnitude of LST reactions
(mean ± SD diameter, mm)

ZCL-1 45.5% (55/121)† 43.8% (53/121)† – 100% (121/121)† 15.55 ± 4.96
ZCL-2 46.7% (28/60)† – 50% (30/60)† 98.3% (59/60)† 14.16 ± 4.60
ACL 33.7% (35/104)† – 36.5% (38/104)† 94.4% (85/90)† 15.10 ± 7.18
ZVL 53.7% (36/67) – 58.2% (39/67) 70.2% (47/67) 8.84 ± 2.44
Non-endemic 9.8% (10/102) – 13.7% (14/102) 0 0

*IFN-g = interferon-g ZCL = zoonotic cutaneous leishmaniasis; ACL = anthroponotic cutaneous leishmaniasis; ZVL = zoonotic visceral leishmaniasis.
†A significant difference was observed between LST-positive persons and IFN-g responders to antigens A, B, or C.

Table 2

Production of IFN-g against Leishmania (Leish) antigens A, B, or C
by volunteers in areas of Iran endemic for ZCL, ZVL, and ACL*
Area IFN-g to mitogen IFN-g to Leish C IFN-g to Leish B IFN-g to Leish A

ZCL-1 14.901 ± 0.40 – 1.813 ± 0.369 1.573 ± 0.316
ZCL-2 18.444 ± 1.419 1.104 ± 0.230 – 1.000 ± 0.169†
ACL 17.069 ± 0.643 1.464 ± 0.482 – 1.454 ± 0.559
ZVL 19.551 ± 0.856 2.238 ± 0.551 – 2.664 ± 0.606†

*Values are mean ± SE (IU/mL). IFN-g = interferon-g; ZCL = zoonotic cutaneous leishman-
iasis; ACL = anthroponotic cutaneous leishmaniasis; ZVL = zoonotic visceral leishmaniasis.
†A statistically significant difference was shown between IFN-g production against Leish

Aantigen between persons who were cured of ZVL and healed cases of ZCL-2 (P = 0.029).

Figure 1. Mean concentration of interferon-g (IFN-g against
Leishmania antigen A (Leish) A and Leish C antigens in persons
cured of zoonotic cutaneous leishmaniasis (ZCL), anthroponotic
cutaneous leishmaniasis (ACL), and zoonotic visceral leishmaniasis
(ZVL) in leishmaniasis-endemic areas in Iran, according to the time
of assay in relation to recovery from the disease. The IFN-g response
to either Leish A or Leish C did not vary in persons from the ZCL
area throughout the study. The magnitude of the IFN-g response in
persons from the ZVL area was significantly higher than that of
persons from the ACL area against Leish A (P = 0.003, by t-test) and
Leish C (P = 0.030, by t-test) during the early period (1–12 months
post-recovery). However for ZCL, the difference was only significant
for Leish A (P = 0.017) during the same period. No significant differ-
ence was seen in other periods between persons from different
regions. *P = 0.017 and 0.030; **P = 0.003.
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Figure 2. Linear regression of log 2 values of the interferon-g (IFN-g response compared with leishmanin skin test indurations for Leishmania
antigen A (Leish) A and Leish B in area of Iran endemic for zoonotic cutaneous leishmaniasis (ZCL-1) (panels 1 and 2), for Leish A and Leish C in
areas endemic for ZCL-2 (panel 3 and 4), in areas endemic for anthroponotic cutaneous leishmaniasis (ACL) (panels 5 and 6), and in areas endemic
for zoonotic visceral leishmaniasis (ZVL) (panel 7 and 8). No statistically significant correlation was found between leishmanin skin test indurations
and IFN-g responses of persons from different areas.
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Potency of LST. Along with measurement of LST sensi-
tivity, the magnitude of LST reactivity was determined for
persons with histories of ZCL, ACL, and ZVL. Mean ± SD
indurations were 15.55 ± 4.96, 14.15 ± 4.60, 15.10 ± 7.18, and
8.60 ± 2.58 mm for persons in groups ZCL-1, ZCL-2, ACL,
and ZVL, respectively Table 1.
Correlation between LST indurations and IFN-g production.

As shown in Figure 2, when we used log 2 values, there was
no significant correlation between LST results and IFN-g
responses to any antigens in persons from any regions tested.

DISCUSSION

Development of protective immunity against different clin-
ical forms of human leishmaniasis is usually associated with
production of IFN-g, and a life-long positive LST result, both
of which are induced by Leishmania-specific T cells.21–23

These cells respond to recall antigens and can be detected in
two ways: 1) by production of IFN-g,21 which can be assessed
in vitro, and 2) by the LST, which shows an in vivo DTH
reaction induced by intradermal injection of leishmanin.
Although these reactions can be observed after curing of leish-
maniasis when the host is generally immune, these responses
do not always indicate protection because abundance of
the Th2-type response in the presence of the Th1-response
leads to persistent disease, as in the chronic non-healing form
of CL or mucosal leishmaniasis, where IFN-g and LST reac-
tivities are high.24 It is not known whether in the absence of
a chronic lesion (or absence of the Th2 response), strong LST
and IFN-g reactivity could be a marker for protection. Never-
theless, there is interest in measuring IFN-g levels in vitro
without exposing persons to leishmanial antigens by a simple
field-adapted test, such as the QFN test, particularly in vac-
cine studies as a marker of immunogenicity and possibly pro-
tective immunity.
In this study, three Leishmania antigens prepared by QFN

technology were used for assessment of IFN-g. Crude whole-
cell antigen (leishmanin) was used for eliciting a DTH
response. Results indicate that all groups tested had signifi-
cantly higher percentages of LST positive reactions than those
with an IFN-g–positive response, except in the ZVL area,
where the difference was not significant. The reason for the
lower positivity for IFN-g than LST reactivity in persons from
the ZVL area could be related to limited amounts of leish-
manial antigens in the QFN test compared with leishmanin,
which contains whole parasite antigens. Also, memory cells to
these limited number of antigens are short lived compared
with multiple antigens present in leishmanin.
The LST response in persons in the ZVL focus was signifi-

cantly lower than that in persons from the ZCL and ACL foci,
whereas the IFN-g response was comparable in persons from
all three foci. This finding may be caused by antigenic speci-
ficity of leishmanin produced from L. major, which may cross-
react to a greater extent with L. major and L. tropica, than
with L. infantum (L. chagasi). Conversely, comparable or
higher levels of IFN-g in the ZVL focus than in other foci is
most likely caused by L. infantum antigens in Leish A and
Leish C. Successful recovery of patients in ZCL and ACL foci
is generally associated with increased production of IFN-g,
when crude leishmanial antigens from L. major are used.7,25–27

Thus, relatively lower LST results but higher IFN-g responses in

the ZVL focus determined by using the QFN test with a limited
number of antigens is likely caused by antigenic specificity.
Our results are consistent with those of a study that used

the QFN test and showed higher sensitivity in persons cured
of ZVL (83%) than in persons cured of ACL (40%) to H2B
antigens, which are nearly identical to Leish A.17 Moreover,
the IFN-g response induced by Leish A in persons cured of
ZVL was significantly higher than in persons cured of disease

from the ZCL-2 area, but not in other groups. Our results may
be attributed to the nature of leishmanial antigens, particu-
larly peptides from L. infantum, which were present in our
test antigens. Although differences in IFN-g levels were sta-
tistically significant, these differences may not be biologically
important. However, we have no data regarding this issue.
Interesting patterns of IFN-g responses emerged when data

were analyzed on the basis of the time of assay in relation to
recovery from disease. In patients who were cured of visceral
disease, IFN-g response was higher during the earlier periods
tested (1–12 and 13–30 months post-cure) and then decreased.
In persons from the ZCL-2 area, low levels of IFN-g were
detected throughout and no difference between different
periods was observed (Figure 1). The magnitude of response
from a person with a visceral disease (ZVL) during the early
period (1–12 month post-cure) was significantly higher than
those in the ZCL-area for Leish A and in persons with ACL for
Leish A and Leish C. These findings might be caused by higher
parasite load during visceral leishmaniasis than during CL.
Although the correlation of IFN-g with protection is not

universally accepted, there is evidence that IFN-g is the main
cytokine of the Th1 response and is involved in protective
immunity against leishmaniasis. However, not all LST-
converted persons in a disease-endemic focus are protected
against subsequent Leishmania infection (Sharifi I and others,
unpublished data). In first-generation vaccine trials, persons
with negative LST results were recruited and those who
became LST positive had a lower incidence of disease but
not all were protected.28 Protection showed a maximum rate
of 50%,29 and those protected may have produced IFN-g. The
QFN test would have been a useful tool to address this issue.
Specificity of Leish A and Leish C was also tested in

healthy persons with negative LST results. Although specific-
ity was higher for Leish A than for Leish C, the difference was
not significant (z-test value = 0.854, P = 0.393). The reasons
for production of IFN-g by healthy unexposed persons are not
clear. However, production of IFN-g by unrelated T cells
stimulated with leishmanial antigens has been reported.30

Pre-exposure to organisms with cross-reacting antigens (i.e.,
Mycobacteria spp.) might also be cause of the IFN-g response.
In conclusion, the results of the present study indicate that

the QFN test, as adapted for Leishmania, detected approxi-
mately half the persons who had positive LST test results.
Most reactivity was caused by specific IFN-g responses to
histone 2B peptides. The proportion of QFN test responders
was also highest in populations exposed to L. major and
L. infantum than in populations exposed toL. tropica. Whether
the QFN–Leishmania test provides a better correlation of
protection than the LST requires further investigation.
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