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Introduction
Leishmaniasis is a disease resulting from infection
by protozoan parasites of the genus Leishmania,
which can affect man and several species of ani-
mals. In a mammalian host, Leishmania parasites
are obligatory intracellular parasites. Infection by
Leishmania parasites can manifest in different clin-
ical forms, depending both on the infecting species
and on the host factors that determine the immuno-
logical response to the infectious agent. Infection
by L. major and L. tropica usually gives rise to an
ulcerative cutaneous lesion developing at the site of
the infecting insect bite, which tends to heal spon-
taneously within several weeks or months. The
infection may involve the draining lymph nodes,
but visceralization, which is observed in certain
animal models (e.g. in mice of “non-healer”
BALB/c strain infected with L. major), is highly

uncommon in man. Self-cure is usually followed by
solid immunity. L. major, when inoculated in the
skin of BALB/c mice, produces large ulcers which
fail to resolve; the parasite usually metastasizes,
eventually leading to death of the animal (Mauel,
2002). In contrast, L. tropica infection in BALB/c
mice results in long lasting, stable and non-healing
disease (Lira et al., 1998).
Immunity to leishmania infections has been studied
extensively. There is a remarkable level of immuno-
logical cross-reactivity between leishmania species
at both the humoral and cellular levels (Mauel,
2002). This has been the rationale for using heterol-
ogous organisms of lower pathogenicity as vacci-
nating agents against the more virulent species
(Mauel, 2002). In spite of this immunological
cross-reactivity, however, there is some evidence
that immunity against one leishmania species fails
to confer protection against another one, i.e. immuni-
ty appears to remain essentially species specific
(Melby, 1991). The “species-specific only” 
protection rule is not absolute, and several exam-
ples of cross-protection have been documented in
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the literature (Adler & Gunders, 1964; Gicheru et
al., 1997; Osorio et al., 1998; Lima et al., 1999;
Veras et al., 1999; Alexander & Philips, 1978; Perez
et al., 1979; Alexander, 1982; Howard et al., 1982;
Rossel et al., 1987; Lujan et al., 1990).  
Further investigations are, therefore, required to
determine the precise mechanisms that govern
cross-protection and to what extent this can be uti-
lized in vaccination strategies based on the use of
heterologous species of low pathogenicity (Mauel
2002). L. major and L. tropica are endemic in the
same biotope in many regions in Iran (Ardehali et
al., 2000) and other countries. Therefore, it is
important to know if people who have infection
with one parasite are protected against infection
with the other. Cross-protection studies in the
murine model may help answer this question. Here
we report partial heterologous protection conferred
by L. tropica infection against severe, non-healing
cutaneous leishmaniasis due to L. major in BALB/c
mice. 

Materials and Methods
Mice: Inbred BALB/c female, 6-8 weeks old mice
were used throughout these experiments. These
mice were obtained from the animal breeding facil-
ity of Pasteur Institute of Iran.
Parasite: L. tropica strain MHOM/AF/88/KK27 is a
cutaneous L. tropica isolate from Afghanistan, and
was initially described by Dr. R. Killick-Kendrick
(Lira et al., 1998). It was provided for this study as
a gift from Dr. D. Sacks (Laboratory of Parasitic
Diseases, National Institute of Allergy and
Infectious Diseases, National Institute of Health,
Bethesda, Maryland, USA). The L. major strain
MRHO/IR/75/ER is an L. major isolate from Iran,
and was a gift from Dr. M. Mohebali (School of
Public Health, Tehran University of Medical
Sciences, Tehran, Iran). The parasites were grown at
25-27° C in 50-ml disposable centrifuge tubes con-
taining 4 ml of culture medium. The culture medi-
um consisted of 2 ml NNN and 2 ml RPMI-1640
medium (Catalogue No R-8005, Sigma Chemical
Co, PO Box 14508, St Louis, MO 63178, USA).

The NNN medium consisted of 12% rabbit blood
(with sodium citrate as anticoagulant), 1.35%
Glucose (Catalogue No G-5146, Sigma Chemical
Co, PO Box 14508, St Louis, MO 63178, USA),
1.4% Agar (Agar-agar-ultra pure Cat No 1.01613,
Merck K Ga A 64271 Darmstadt, Germany), and
0.6% (w/v) NaCl (Arasto Pharmaceutical
Chemicals Co, Saveh, Iran). No antibiotics were
added. 
Infection: Promastigotes of Leishmania parasites
were cultured in NNN media. Stationary pro-
mastigotes were harvested 6-8 days after beginning
of culture. For L. major infection, 2x106 stationary
phase promastigotes were used. For L. tropica
infection 5x106 stationary phase promastigotes
were used. Parasites were injected into the hind
footpad of the mice in a final volume of 50 micro-
liters of phosphate buffer saline (PBS). Primary
infections were made in the left hind footpad and
secondary infections in the right hind footpad. The
same doses of parasite were used for primary and
secondary infection.
Study design: Mice were divided into four groups.
Each group included 4-8 mice. Two groups
received L. tropica as primary infection. One
group of primary L. tropica infected mice and one
group of non-infected mice received L. tropica as
secondary infection. One group of primary L. trop-
ica infected and one group of non-infected mice
received L. major as secondary infection. Disease
evolution was monitored throughout the experi-
ment. The experiment was carried out twice.
Parasite load of footpad, popliteal lymph node and
spleen were quantified at the end of the second
experiment, that was 14-16 weeks after secondary
infection. 
Parasite load assay: Parasite load in footpad, drain-
ing lymph node, and spleen were quantified by dilu-
tion to extinction in biphasic medium (Sacks &
Melby, 1998). The assay is briefly as follows. Single
cell suspensions are made from draining lymph
node or spleen. Footpad tissue was disrupted by a
manual tissue homogenizer. Single cell suspension
or disrupted tissues are diluted in the liquid phase
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of NNN medium. NNN medium was the same as
mentioned above. Two-fold serial dilutions were
performed to extinction of parasite growth. Assays
were performed in duplicate. Parasite load per total
lymph node and spleen, or milligram footpad tissue
were calculated from the highest dilution at which
promastigotes can be grown out. Geometric mean
of individual titers was used for comparison of par-
asite load in different groups. 
Monitoring the course of infection: The course of
infection was monitored by weekly measurment of
footpad thickness by a dial-gauge caliper
(Mitutoyu, Kawasaki, Kanagawa, Japan).
Statistical analysis: Student t-test was used for com-
parison of footpad thickness of mice between dif-
ferent groups. P values equal or greater than 0.05
were considered significant.

Results
Course of infection in naïve mice: L. tropica
infection induces a non-healing, non-ulcerative
infection in naïve BALB/c mice. As shown in
Figure 1, footpad thickness increases after infec-
tion and reaches a stable state after about 2-3

months. L. major infection induces a rapidly pro-
gressive non-healing infection in footpad of
BALB/c mice. Footpad thickness of L. major
infected mice is shown in Figure 2. The ratio of
number of parasites in footpad to number of para-
sites in lymph node for L. major infected naïve
mice is about 1.9 (41344/21247=1.95).  This
shows that L. major grows similarly in footpad
and lymph node tissues. The ratio of parasite num-
ber in footpad to lymph node for naïve mice
infected with L. tropica is about 0.1
(108292/881744=0.123). This shows preferential
growth of L. tropica in lymph node tissues in
comparison to footpad tissues.
Course of secondary infection in primary L. tropica
infected mice: A secondary L. tropica challenge in
mice previously infected with L. tropica induces a
stable, non-healing, non-ulcerative infection. This
stable infection has statistically significant lower
pathology in the footpad in comparison to primary
L. tropica infection (p<0.05), as indicated by a
slight increase in footpad thickness  (Figure 1).
Secondary L. major challenge induces a progressive
infection in the footpad of previously  L. tropica
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Figure 1. Effect of L. tropica infection on subsequent challenge with L. tropica. Data are mean ± SE of
right footpad thickness (* = p <0.05).
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infected mice. However, the rate of increase was
statistically significantly lower than the rate of
increase in naïve mice challenged with L. major
(p<0.05) (Figure 2). These results show a partial
protection against L. major as well as L. tropica
challenge in previously L. tropica infected mice.
Parasite load in footpad: The number of parasites in
the right footpad of L. tropica infected mice which
received  a secondary L. tropica challenge in the
right footpad was lower than the number of para-
sites in  the L. tropica challenged footpad of naïve
mice (1862 and 108292 parasites respectively)
(Table 1). Parasite load in the right footpad of L.
tropica infected mice receiving secondary L. major
challenge at the right footpad was lower than the
parasite load of L. major challenged naïve mice
(4899 and 41344 parasites respectively) (Table 2).
Parasite load in popliteal lymph node: The number
of parasites in the right popliteal lymph node of L.
tropica infected mice with secondary L. tropica
challenge was lower than the same number in naïve
mice receiving L. tropica challenge (99334 and
881744 respectively) (Table 1). Parasite load in the
right lymph node of L. tropica infected mice with a

secondary L. major challenge was lower than the
same load of naïve mice receiving L. major chal-
lenge (3104 and 21247 respectively) (Table 2).
These data indicate similar level of protection at
lymph node tissues against both L. tropica and L.
major induced by previous L. tropica infection.
The ratio of number of parasites in footpad to num-
ber of parasites in lymph node of L. tropica infect-
ed mice challenged with secondarily L. tropica or L.
major were 0.019 and 1.58 respectively. This
shows, similar to infection of naïve mice, preferen-
tial growth of L. tropica in lymph node tissues in
comparison to footpad tissues.  
Parasite load in spleen: In naïve BALB/c mice, L.
major infection results in a higher parasite load in
the spleen than L. tropica infection (4149 and 951
respectively). L. tropica infected mice challenged
with L. tropica had a lower spleen parasite load than
naïve mice challenged with L. tropica (18.55 versus
951). L. tropica infected mice challenged with L.
major had a similar spleen parasite load as naïve
mice challenged with L. major (4754 and 4149). 
(Tables 1 and 2).
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Figure 2. Effect of L. tropica infection on subsequent challenge with L. major. Data are mean ± SE of right
footpad thickness (* = p <0.05).
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Table 1. Parasite load of secondary L. tropica infection of mice. 

Parasite load of L. tropica infection 
Specification of mice Mouse number Right footpad Right lymph node Spleen
Received primary 1 No growth 32768 No growth

L.tropica infection 2 4251 46341 283

3 Not determined 262144 400

4 1219 65536 No growth

5 15984 Not determined 400

6 145 370728 No growth

Geometric Mean* 1862 99334 18.88
Naïve 1 147687 8388608 6400

2 27522 11863283 200

3 1906502 741455 9051

4 723156 370728 800

5 4611 92682 400

6 62415 185364 200

Geometric Mean* 108292 881744 951

*Parasite load is expressed as Geometric Mean of the final positive well of serial 2-fold dilution as
described in Materials and Methods.

Table 2. Parasite load of secondary L. major infection of mice. 

Parasite load of L. major infection 
Specification of mice Mouse number Right footpad Right lymph node Spleen
Received primary 1 18725 4 No growth

L.tropica infection 2 216 463411 200

3 17712 16384 289631

4 8041 8192 144815

Geometric Mean* 4899 3104 4754
Naïve 1 68089 8192 3200

2 78840 65536 3200

3 19205 16384 4525

4 28340 23170 6400

Geometric Mean* 41344 21247 4149

*Parasite load is expressed as Geometric Mean of the final positive well of serial 2-fold dilution as
described in Materials and Methods.
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Discussion
Protection against leishmaniasis can be evaluated in
at least two ways in a murine model: measuring
footpad thickness and enumeration of parasite load
in infected tissue. Primary infection of BALB/c
mice with L. tropica induced partial protection
against secondary infection by  L. tropica as well as
by L. major.
Parasite load in infected footpad showed that foot-
pad protection was more efficient against a homol-
ogous strain (L. tropica) than against a heterologous
strain (L. major), 58 fold reduction of footpad par-
asite load in secondary infection by L. tropica and
8.4 fold reduction of footpad parasite load in sec-
ondary infection by L. major.
In the local draining lymph node, L. tropica infec-
tion induced similar protection in BALB/c mice
against L. tropica and L. major (6.8 fold reduction
in parasite load of secondary L. major infection and
8.9 fold reduction in parasite load of secondary L.
tropica infection). What is the explanation for this
pattern of protection? Our findings indicate that the
tropism of L. tropica appears to be different from
that of L. major in BALB/c mice:  L. tropica grows
preferentially in popliteal lymph node while L.
major grows similarly in popliteal lymph node and
footpad. This growth pattern was also seen in the
secondary infection by L. tropica and L. major.
These data suggest that L. tropica infection induces
adaptive immune mechanisms that are expressed
preferentially in the periphery to confer partial con-
trol over primary infection in the footpad and even
stronger control over secondary challenge that was
again preferentially expressed in the footpad com-
pared to draining lymph node. Further analysis of
local immune response is needed to clarify the
underlying mechanisms of different levels of pro-
tection induced by L. tropica infection in different
tissues.
L. tropica primary infection was efficient in reduc-
ing the parasite load of the spleen in secondary L.
tropica infection (about 50 fold reduction).
Interestingly, however, L. tropica primary infection
was not efficient in reducing the parasite load of the

spleen in secondary L. major infection. We can con-
clude that L. tropica and L. major do not have com-
mon immunomodulatory mechanisms involved in
spleen based growth of the parasite; thus prior
infection of L. tropica can not prevent growth of 
L. major in the spleen. These findings open new
horizons for the study of different immunomodula-
tory mechanisms induced by infection with these
two leishmania species and/or their different anti-
gens. 
An important finding in our data is the ability of L.
tropica to infect the spleen after subcutaneous
injection of the parasite into the footpad of BALB/c
mice. This is the first report, as far as we are aware.
In one study (Lira et al., 1998) the spleen was neg-
ative for L. tropica when cultured at 7 months after
infection. However, culture of the spleen in our
report was carried out 3-4 months post-infection,
which may account for the different results, if the L.
tropica was cleared from the spleen in later stages
of the infection.  
L. tropica and L. major result in different forms of
non-healing infections in BALB/c mice. L. tropica
results in long lasting chronic infection, while L.
major cause non-healing infection, which results in
rapid death. This murine model of leishmaniasis has
fundamental differences with infections of humans
by these two leishmania species. Both species result
in self-healing infections in the majority of human
individuals. So we cannot extrapolate easily our
findings from this murine model to human infec-
tion. However, the murine model can reveal com-
mon as well as distinct epitopes, immunomodulato-
ry mechanisms, and pathological pathways that are
presented by these two different species of leishma-
nia parasites.
Our findings confirm that protection between leish-
mania species is mainly species-specific. L. tropica
infection induces more protection against a homol-
ogous strain (L. tropica) than a heterolgous strain
(L. major). Results of this study revealed common
as well as different immunomodulatory mecha-
nisms between L. tropica and L. major. Further
studies in this field can unravel the pathophysiology



Scand.  J. Lab. Anim. Sci.  No. 4.  2004. Vol.  31

207

as well as immunology of leishmaniasis due to
these two parasite species in relation to prevention
and treatment of these diseases.
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