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Abstract A potential vaccine candidate for visceral leish-
maniasis should favour the development of CD4" Thl type
of immune response which is further dependent on the dose
of antigen and the route of inoculation. The present study
was carried out to check the effective dose (low, medium
and high) and route (subcutaneous, intradermal, intraperi-
toneal and intracardiac) of inoculation for the development
of a CD4" Thl type of immune response in BALB/c mice.
The parasite load was found to be the lowest in mice
inoculated with low dose of promastigotes through the
subcutaneous route, followed by intradermal, intraperitone-
al and intracardiac routes. A reduced parasite load in mice
inoculated through subcutaneous route was found to be
associated with heightened DTH responses. The IgG2a
levels were found to be the maximum in case of mice
inoculated with the low dose of promastigotes through
subcutaneous route followed by intradermal and intraperi-
toneal routes. In contrast, mice inoculated with high dose of
promastigotes through the intracardiac route showed in-
creased levels of IgG1l. Low-dose inoculation with subcu-
taneous route elicited maximum IFN-y levels, which points
towards the generation of Thl response. Maximum IL-4
and IL-10 levels were detected in high-dose inoculation
through intracardiac route suggesting the development of
Th2 response. In conclusion, inoculation through subcuta-
neous route with low dose of live whole parasite antigen
evokes a strong Thl response in BALB/c mice.
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Introduction

Parasites belonging to the genus Leishmania are among the
most diverse of human pathogens, both in terms of
geographical distribution and in the variety of clinical
syndromes caused by them (Melby 2002; Tripathi et al.
2007). The spectrum of signs and symptoms caused range
from simple, self-healing skin ulcers caused by Leishmania
major and other dermatropic species, more severe chronic
mucocutaneous infections caused by Leishmania braziliensis
to severe, life-threatening visceral disease caused by the
Leishmania donovani complex (Alexander et al. 1999).
Visceral leishmaniasis (VL) is the severest systemic disease
among the three main categories of leishmaniasis (Graham
1987). Five hundred thousand new cases of VL occur each
year (Ahmed et al. 2003) and 90% of cases of VL are
concentrated in five countries—Bangladesh, India, Nepal,
Sudan and Brazil (Saha et al. 2006). In India, almost
44 million people in 28 districts of Bihar and 55 million
people in eight districts of West Bengal are at risk of VL
(Mukhopadhyay et al. 2000).

Treatment of VL is associated with serious side effects.
Also, the emergence of drug resistance is a major hurdle in the
control of this disease. Therefore, much attention has been
given to finding suitable prophylactic agents which can
induce protective immunity against VL. The development of
a safe and effective vaccine is besieged with problems.
Peptide vaccines are poorly immunogenic and genetic
vaccines are not 100% protective because they are restrictive
and lack full repertoire of antigens involved in protective
immune responses (Mukhopadhyay et al. 2000; Nossal 1988
and Van Regenmortel 1989). With the establishment of
culture conditions to support the growth of Leishmania,
whole parasites have been tried for immunization to cure

@ Springer



1414

Parasitol Res (2008) 103:1413-1419

leishmaniasis. The technique of using live organisms, also
known as leishmanization, dates back to 1911 to 1980,
during the Iran-Iraq war (Liew and O’Donnell 1993).
Leishmanization as a prophylactic vaccine was used in
Israel in 1970s and in Iran in 1980s (Nadim and Javadian
1988) against cutaneous leishmaniasis and then in a massive
programme covering over two million people during the
Iran—Iraq war of 1982-1986 (Nadim and Javadian 1988).
Leishmanization has certain drawbacks like the danger of
developing disease, immunosuppression as seen in reduced
responsiveness to diphtheria, pertusis, tetanus (DPT) vaccine
in children followed by leishmanization (Khamesipour et al.
2006 and Sukumaran and Madhubala 2004). Due to the
hazards, the focus shifted to killed parasites but none could
provide 100% protection till now. Recent reports of a low-
dose infection generating a Thl response and immunity to
further infection has again revived the interest in this field
(Bretscher et al. 1992). However, the reports on the effect of
dose of antigen on the development of type of Th 1 response
are controversial. Since, the Leishmania parasite being
intracellular, escape from the humoral responses by hiding
as amastigotes inside the phagolysosome of the host macro-
phages, the effective immunity against leishmaniasis is
entirely cell mediated (Sukumaran and Madhubala 2004).
The CD4" subset of T cells is crucial for resistance (Awasthi
et al. 2004) since they play a major role in generating
specific and memory responses. Thl cells secrete activators
of cell-mediated immunity such as IFN-y, while Th2 cells
secrete cytokines such as IL-4, which promote antibody
responses. Thus, the control of leishmanial infection is
mediated by Thl type of immune response (Tripathi et al.
2007). It is the lack of the Thl response rather than the
presence of a Th2 response that determines disease suscep-
tibility in VL (Ahmed et al. 2003). Antigen dose has been
found to affect T cell subset development; but as already
mentioned, the reports are controversial. Some reports
suggest the development of Thl response after low-dose
inoculation of parasite and Th2 response after high-dose
inoculation of parasite whereas others suggest vice-versa
(Uzonna et al. 2004). At present, the prevailing thought is
that low doses of L. major promote a Thl response, based on
the finding that although BALB/c mice infected with high
parasite doses develop an uncontrolled infection, a protective
Thl response is induced after low-dose infection (Bretscher
et al. 1992; Menon and Bretscher 1998). An important role
for CD8" T cells as regulators of CD4" Thl cell develop-
ment has been suggested and also that low-antigen doses
may preferentially promote a CD4" Th2 response in vivo,
but in situations where CD8" T cells are concomitantly
activated this Th2 response might be masked (Uzonna et al.
2004; Belkaid et al. 2002).

Besides dose of antigen, a number of potentially
important elements have been proposed which influence
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the initial activation of different cytokine responses, among
these are the nature of the early antigen-presenting cell, the
overall cytokine milieu and the presence of costimulatory
molecules (Gajewski et al. 1991; O’Garra and Murphy
1994; Wenner et al. 1996). The type of APC involved in the
early response is itself largely determined by the site at
which antigen presentation occurs, the tropism of the
infectious agent or antigen, the route by which antigen is
acquired and many other factors (Doherty and Coffman
1996). Sandfly transmits promastigotes into the dermis of
the mammalian host. Therefore, intradermal or subcutane-
ous routes of infection mimic the natural infection.
Infection through both the routes has been achieved in the
dog and hamster models (Killick-Kendrick et al. 1994;
Wilson et al. 1987). But as far as the mouse model is
concerned, controversial reports have been obtained by
both the routes of infection (Melby et al. 1998; Nuwayri-
Salti et al. 1998). The administration of the parasite by an
intraperitoneal route resulted in a high homogeneity of
infection (Rolao et al. 2004). Low-dose infection by
intravenous route might lead to establishment of infection
in susceptible strains of mice (Howard et al. 1987; Ulczak
and Blackwell 1983). Higher levels of protection have been
achieved using high dermal infection or low-dose intrave-
nous challenge models (Ahmed et al. 2003).

Since the dose and route of administration of antigen
influence the development of a protective Th response and
controversial reports are available in the literature, the
present study was carried out to evaluate different com-
binations of dose of antigen (low, medium or high) and
route of inoculation (subcutaneous, intraperitoneal, intra-
dermal and intracardiac) for the development of CD4" Thl
or Th2 type of immune response against L. donovani in a
murine model.

Materials and methods
Parasite strain

Leishmania donovani promastigotes of strain MHOM/IN/
80/Dd8, originally obtained from London School of
Tropical Medicine and Hygiene, London, were used for
the present study and maintained in vitro at 22+1°C in
modified NNN medium (Rao et al. 1984) by serial
subcultures after every 48—72 h.

Animals

Inbred BALB/c mice of either sex, weighing 20-25 g, were
obtained from the Central Animal House of Panjab
University, Chandigarh. They were fed with water and
mouse feed ad libitum.
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Infection of mice

BALB/c mice were inoculated with low (10%), medium
(10°) and high (107) dose of promastigotes of L. donovani
by subcutaneous, intradermal, intraperitoneal and intra-
cardiac routes. Animals receiving only PBS served as
controls.

Animals were sacrificed on 15, 30 and 45 days post
inoculation. Impression smears of liver were made and
the parasite load was assessed in terms of Leishman
Donovan Units (LDU; Bradley and Kirkley 1977; Yadav
et al. 2004).

DTH responses to leishmanin

All groups of mice were challenged in the right foot pad
with a subcutaneous injection of leishmanin. After 48 h, the
thickness of the right and left foot pads were measured
using a pair of Vernier calipers. The percentage increase in
the thickness of the right foot pad as compared to the left
foot pad of mice was calculated.

Enzyme-linked immunosorbent assay (ELISA)

The specific serum immunoglobulin G (IgG) antibody
response was measured by conventional enzyme-linked
immunosorbant assay (ELISA). Ninety-six-well ELISA
plates were coated with crude promastigote antigen at a
concentration of 2 pg per well. Sera were added at a
dilution of 1:100 followed by addition of HRP-conjugated
specific secondary antibody (rabbit anti-mouse IgG). The
substrate and the chromogen were added and absorbance
was read on an ELISA plate reader at 450 nm.

IgG isotype ELISA

IgG isotype (IgG1 and IgG2a) ELISA was carried out with
the serum samples following the same procedure as
described above for ELISA.

Cytokine response profile

The lymphocytes from spleens of all groups of mice
were cultured in 24-well plates in RPMI-1640 contain-
ing 20 mM NaHCOj;, 10 mM HEPES, 10 U/ml of
penicillin, 100 pg/ml streptomycin and 2 mM L-gluta-
mine and 10% FCS. Cells were stimulated with 50 pg/ml
with the crude promastigote antigen. Cells were then
incubated at 37 °C for 72 h and supernatant was collected
and stored at —20°C. This was then assayed for IL-4, IL-
10, and IFN-y by ELISA kits (Bender MedSystems
Inc, USA and Diaclone, USA) following manufacturer’s
protocol.

Statistical analysis

All the experiments were performed three times indepen-
dently. All data comparisons were tested for significance by
using Student’s t-test; p-values below 0.05 were considered
significant.

Results
Parasite load

Minimum parasite load was observed in mice inoculated
with a low dose of parasite subcutaneously, followed by the
parasite load in mice inoculated with medium and high
doses, respectively. The least parasite burden occurred in
mice inoculated with subcutaneous route followed by
intradermal, intraperitoneal and then intracardiac route.
Maximum parasite load was observed in mice inoculated
intracardially with high dose of parasite (Fig. 1A). Parasite
load in liver increased significantly in all groups of BALB/c
mice on different post-inoculation days.

Delayed type hypersensitivity (DTH) responses

Inoculation of mice with low dose of parasite through the
subcutaneous route induced the highest level of DTH
response followed by the DTH responses in the inoculation
through intradermal, intraperitoneal and intracardiac routes,
respectively, suggesting the generation of cell-mediated
immune response. The DTH responses in case of intrader-
mal, intraperitoneal and intracardiac routes were lower than
in the case of subcutaneous route and were the least in the
intracardiac route; this points towards the generation of
cell-mediated immune response. The DTH responses were
the maximum with the inoculation of low dose followed by
medium and high dose. The DTH responses in infected
animals were significantly higher than the normal controls.
DTH responses were the maximum on 15 days post
inoculation and, thereafter, declined significantly till 45
post-inoculation days (Fig. 1B).

Specific antibody response

IgGl and IgG2a antibody responses were evaluated by
ELISA using specific anti-mouse isotype antibodies. Mice
inoculated with low dose of parasite through the subcu-
taneous route showed the highest levels of Thl cytokine
regulated antibody, IgG2a, followed by the mice inocu-
lated through intradermal, intraperitoneal and intracardiac
routes, respectively. The level of Th2 cytokine regulated
antibody, IgG1 was the maximum with intracardiac ino-
culation of high dose of parasite followed by intraperito-
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Fig. 1 A Parasite load in terms of LDU in BALB/c mice upon
inoculation with different doses of Leishmania donovani through
different routes at various post-inoculation days. (a) 15 p.i.d., (b) 30
p.i.d., (¢) 45-p.i.d. B DTH responses in BALB/c mice upon

neal, intradermal and subcutaneous routes. The highest
IgG2a titres were observed in mice inoculated with low
dose of parasite as compared to medium and high dose
whereas the maximum IgGl titres were found in mice
inoculated with high dose of the parasite as compared
to medium and low dose. The antibody levels were

found to increase with increase in post-inoculation days
(Fig. 2A and B).

Cytokine response profile

The levels of IFN-y, IL-4 and IL-10 were evaluated by
ELISA. Mice inoculated with low dose of parasite through
the subcutaneous route showed the highest levels of Thl-
specific cytokine, IFN-y. Mice inoculated through intra-
dermal, intraperitoneal and intracardiac routes, respectively,
showed a decrease in the IFN-y levels in comparison to
those inoculated through subcutaneous route. The level of
Th2-specific cytokines IL-4 and IL-10 were the maximum
with intracardiac inoculation of high dose of parasite
followed by intraperitoneal, intradermal and subcutaneous
routes, the levels of Th2-specific cytokines were seen to
decrease as we move from intraperitoneal to subcutaneous
route. The levels of IFN-y were found to decrease with
increase in the parasite dose, whereas the opposite was
observed in case of IL-4 and IL-10. Maximum levels of
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inoculation with different doses of Leishmania donovani through
different routes at various post-inoculation days. (a) 15 p.i.d., (b)-30
p-i.d., (¢) 45-p.i.d. [SC Subcutaneous, /D intradermal, /P intraperito-
neal, /C intracardiac]

IFN-y, IL-4 and IL-10 were observed on 30 post-
inoculation days (Fig. 3A,B and C).

Discussion

This study was carried out with a view to determining the
consequences of the parasite inoculation in murine visceral
leishmaniasis with respect to dose vis-a-vis route of
inoculation. We have tested the outcome of different doses
of Leishmania inoculation administered through subcuta-
neous, intradermal, intraperitoneal, and intracardiac routes
in BALB/c mice. Our results suggest that the infective
parasite inoculum is critical in determining the direction
that the immune response of the infected animal takes. The
administration of 10°, 10> and 107 parasites in BALB/c
mice established detectable infection which was reflected in
the rising parasite load, presence of antileishmanial anti-
bodies and heightened DTH responses. The parasite load as
detected by enumeration of LDU can be resolved in two
directions—low dose leads to minimum infection which
increases with the change in dose from medium to high as
the number of post-inoculation days increase. With regard
to the route of inoculation, subcutancous, intradermal and
intraperitoneal routes showed decreased parasite load which
increased with an increase in the infective inoculum. This
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Fig. 2 Specific antibody responses in BALB/c mice upon inoculation
with different doses of Leishmania donovani through different routes
at various post-inoculation days. A IgGl; B 1gG2a, (a)-15 p.i.d.; (b)-

can be attributed to the fact that in all of these three routes,
the parasite travels from the initial site of infection to lymph
nodes, as a result of the first line of defence of the host
against an infection and is faced with the prospect of
elimination by way of cell death en route to the establish-
ment in target organs. Subcutaneous route is always
considered as a slow release route in case of antigen
presentation, allowing the body to generate enough resour-
ces to counter the invading microorganisms. Our findings
correlate very well with these assumptions. We have found
that the parasite inoculation through the intracardiac route
leads to the maximum infection in mice, which is
understandable since the parasite is effectively delivered
to the visceral organs, namely the liver and spleen, in case
of leishmaniasis. The DTH responses were in agreement
with the parasite load levels and heightened foot-pad
swellings were recorded 48 h after administration of
leishmanin antigen and were the maximum in mice
inoculated with low dose through the subcutaneous route.
Though the DTH responses were elevated in all the cases,
comparatively lower levels in other routes indicate that the
subcutaneous route was the most efficient in priming the
immune system against the leishmanin antigen. That
Leishmania-specific antibodies were found to be elicited
in the infective inoculum administered through all the

Route of Inoculation

Route of Inoculation

30 p.i.d.; (¢) 45-p.i.d. (Straight line inside graphs represents the
baseline value) [SC Subcutaneous, /D intradermal, /P intraperitoneal,
IC intracardiac]

routes points towards the fact that a good humoral immune
response is activated by the host which is associated with
the disease progression as evidenced by the levels of
parasite burden. The estimation of cytokine profile for all
the doses through three different routes indicates the
generation of a mixed Th1/Th2 type of immune response.
The levels of all three cytokines namely, [FN-y, IL-4, IL-10
were observed to peak around day 30 post inoculation. In
case of inoculation through subcutaneous route with low
dose of parasite, the levels of IFN-y were the maximum
which indicates the potential of this route and dose for
further vaccine studies. The levels of Th2-regulated
cytokines IL-4 and IL-10 were the maximum in the
intracardiac route.

Most in vitro studies indicate that lower antigen doses
favour a Th2 response whereas higher doses favour a Thl
response. On the other hand, some in vivo studies indicate
that low-antigen doses favour a Th2 response (Uzonna et al.
2004). It has been shown that BALB/c mice infected with a
very low dose of L. major can contain the infection and
develop a long-lasting immunity (Bretscher et al. 1992 and
Doherty and Coffman 1996). An infective dose of 10°
parasites in BALB/c mice embodies a model providing a
greater number of representative markers (Carrion et al.
2006). At present the prevailing thought is that the low dose
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Fig. 3 Cytokine levels in BALB/c mice upon inoculation with different doses of Leishmania donovani through different routes at various post-
inoculation days. A IFN-y; B IL-4; C IL-10, (a)-15 p.i.d.; (b)-30 p.i.d.; (c) 45-p.i.d. [SC Subcutaneous, /D intradermal, /P intraperitoneal, /C intracardiac]

of parasite promotes a Thl response. Inoculation of an
excessive dose of parasite in an unnatural site may mask or
subvert the factors responsible for the control of infection
resulting from sandfly bite. The exogenous parasite antigen
provided by high-dose inocula might elicit a level of CD4"
reactivity, adequate to control infection in the site, whereas
intracellular infections evolving from low-dose challenge
might generate a relatively poor source of antigen for class
II presentation (Belkaid et al. 2002).Vaccine studies in case
of visceral leishmaniasis need critical evaluation of the
immunological parameters of the animal models currently
in vogue. It is extremely important to optimize the
conditions of the artificial infection to a point where it
can be argued with confidence that the situation best or
near-best represents the natural infection that the sandfly
causes. Mouse model being the most widely used as the
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first choice owing to its relatively easier maintenance and
handling, is naturally selected over other models for this
purpose. Establishment of an infection model that is conve-
nient to handle and is economical will be a step forward in
testing the efficacy of various antigens, cocktails, DNA
vaccines, etc.—protective or non-protective. In this regard,
not only does the careful choice of dose have a say, but an
equally important part is how effectively that dose is
administered in the animal to mimic the onset and the course
of the natural infection. In this investigation, we have
attempted to address this very problem and have come to a
conclusion that low dose of live parasite generates a protective
Thl response when inoculated through subcutaneous route.
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