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Abstract,

Leishmania amazonensis causes a wide spectrum of disease in humans. In this study, we evaluated

BALB/c mice infected with five strains of L. amazonensis isolated from patients with either cutaneous, mucosal, or
visceral leishmaniasis. Mice infected with cutaneous and mucosal isolates developed ulcerating footpad lesions with
parasite-loaded macrophages and extensive tissue destruction. Skin metastases, early dissemination of parasites to the
spleen, and high anti-Leishmania antibody levels were also noted. Mice infected with L. amazonensis strains isolated
from patients with visceral disease had a controlled infection, with small footpad lesions with mononuclear cell
infiltration, few infected macrophages, and granuloma formation. They had no skin metastases, delayed dissemination
of the parasite to the spleen, lower levels of IgG and higher levels of IgG2a against L. amazonensis. These findings
demonstrate an unexpected resistance of BALB/c mice to the infection with L. amazonensis isolated from patients
with visceral leishmaniasis. This resistance seems to be due to differences in these parasites that may be related to
the altered course of the disease in humans and in isogenic BALB/c mice.

Leishmania is an intracellular protozoa that infects hu-
mans and causes a wide spectrum of disease. Species such
as L. donovani and L. chagasi cause visceral leishmaniasis
whereas L. major and L. amazonensis are usually associated
with cutaneous disease and L. braziliensis with mucosal dis-
ease. However, L. amazonensis has recently been isolated
from patients with diverse forms of leishmaniasis, including
cutaneous, mucosal, diffuse, and visceral leishmaniasis, and
post-kala-azar dermal leishmaniasis.!-* Thus, L. amazonensis
is associated with the entire spectrum of human disease, and
no differences were found in the zymodeme or serodeme
patterns of strains isolated from patients with different clin-
ical manifestations.! Leishmania tropica, usually a causal
agent of cutaneous leishmaniasis, has been isolated from the
bone marrow of members of the Armed Forces that had been
in the Middle East.* It has been demonstrated that BALB/c
mice are highly susceptible to L. amazonensis infection. The
disease progresses rapidly, the parasites disseminate to
lymph nodes, spleen and liver, cutaneous metastases devel-
op, and death ensues.>’ Biological differences among para-
site strains may be evident in such a susceptible host. In the
present study, isogenic BALB/c mice were infected with
strains of L. amazonensis isolated from patients with either
cutaneous, mucosal, or visceral leishmaniasis and the pat-
terns of infection and humoral immune response were fol-
lowed.

MATERIALS AND METHODS

Animals, A total of 142 male and female isogenic 10-12-
week-old BALB/c mice, maintained with food and water ad
libitum, were used.

Parasites. Five strains of L. amazonensis typed by sero-
deme and zymodeme analysis (kindly performed by Drs. G.
Grimaldi and H. Momem, Fundacao Oswaldo Cruz, Rio de
Janeiro, Brazil) were used. One strain was isolated from a
patient with cutaneous leishmaniasis (MHOM/BH/87/BA-
125, from a 12-year-old girl with a disease history of three
months); two were isolated from two patients with mucosal
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leishmaniasis (MHOM/BR/87/Ba-113, from a 17-year-old
man with a disease history of four years and MHOM/BR/
75/Ba-Josefa, from a 27-year-old woman with a disease his-
tory of five months); and two were isolated from two pa-
tients with visceral leishmaniasis (MHOM/BR/Ba-109, from
a 34-year-old man with a disease history of five months and
MHOM/BR/87/Ba-137, from a three-year-old boy with a
disease history of five months). The Josefa strain was se-
lected as a prototype because it is well characterized and
causes severe disease in BALB/c mice. The others four
strains (cutaneous, mucosal, and visceral) were selected
without any prior knowledge of their behavior in mice. The
course of the disease in the patients infected with these five
strains of L. amazonensis was similar with the disease
caused by other Leishmania species found in Brazil that are
the causal agents of cutaneous and mucosal leishmaniasis
(L. braziliensis) and visceral leishmaniasis (L. chagasi). The
five strains will be designated as mucosal-1, mucosal-2, cu-
taneous, visceral-1, and visceral-2.

Parasite isolation and culture were performed as previ-
ously described.® Briefly, parasites were isolated in NNN
medium and frozen in liquid nitrogen. For infection, para-
sites were thawed and grown in liquid medium (liver infu-
sion tryptose) supplemented with 2% heat-inactivated fetal
calf serum. The parasites were passaged no more than three
times before infection of the animals.

Infection. Stationary phase promastigotes were washed
three times (by centrifugation at 1,800 X g at 4°C for 10
min) and adjusted to a concentration of 5 X 10% promasti-
gotes/20 ul. Subcutaneous infection was induced in the hind
left footpad with a 50-pl Hamilton (Reno, NV) syringe and
a 26-gauge needle by injecting 20 ul of the promastigote
suspension.

The number of mice used for testing of each Leishmania
isolate was as follows: mucosal-1 (n = 31), mucosal-2 (n =
30), cutaneous (n = 25), visceral-1 (n = 26), and visceral-
2 (n = 30).

Determination of lesion size. Sizes of the footpads were
measured weekly using a dial gauge caliper (Starret, Athol,
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MA). Differences between infected and contralateral, non-
infected footpad measurements are referred as lesion size in
millimeters.

Visceralization of parasites. After three, eight, and 15
weeks of infection, animals were killed by ether anesthesia.
Spleens and popliteal lymph nodes were obtained from five
mice per parasite strain and cultured in tubes containing
NNN medium (three for each spleen and two for each lymph
node). The cultures were examined for the presence of
Leishmania promastigotes after two and four weeks.

Histology. Infected footpads were obtained from five
mice at three, eight, or 15 weeks postinfection, fixed in 10%
neutral formalin, embedded in paraffin, and processed for
staining with hematoxylin and eosin.>’

Serology. After three, seven, and 10 weeks of infection,
sera were obtained by puncture of the retro-orbitary plexus
of all remaining animals and stored at —20°C. Levels of anti-
Leishmania 1gG antibody were determined in the sera from
each animal. Soluble L. amazonensis promastigote antigen
(10 pg/ml) (prepared as previously described’) was coated
on 96-well, polypropylene microtiter plates (Nunc-Intermed,
Naperville, IL).® Briefly, stationary-phase promastigotes cul-
tivated in liver infusion tryptose medium supplemented with
5% fetal bovine serum were washed three times (centrifu-
gation at 1,800 X g for 10 min at 4°C) in phosphate-buffered
saline (PBS). Parasites were resuspended at a concentration
of 10° parasites/ml in lysing buffer (50 mM Tris, pH 7.7,
0.12 M Na(Cl, 0.5% NP-40, 0.25% sodium deoxycholate; 0.5
wpg/ml of aprotinin, and 5 mM EDTA). After incubation for
10 min at room temperature, the material was subjected to
dialysis against 500 volumes of PBS at 4°C, and the protein
concentration was measured.’ The sera were diluted 1:100
for the measurement of anti-Leishmania 1gG.

An enzyme-linked immunosorbent assay was performed
with promastigote antigen. Plates were sensitized with anti-
gen at a concentration of 10 pg/ml in 0.1 M carbonate-bi-
carbonate buffer, pH 9.6 (0.1 ml/well overnight at 4°C). Be-
fore the reaction, the plates were washed three times with
PBS containing 0.05% Tween-20 (PBS-Tween). Sera diluted
1:100 were incubated for 1 hr at 37°C, followed by three
washings with PBS-Tween. Peroxidase-conjugated rabbit-
anti-mouse IgG (Sigma, St. Louis, MO) diluted 1:500 was
added and incubated for 1 hr at 37°C. The plates were
washed with PBS-Tween and substrate solution (0.04% o-
phenylenediamine, 0.012% hydrogen peroxide in citrate-
phosphate buffer, pH 5) was added. Following incubation,
the reaction was stopped by adding 16 M sulfuric acid (0.025
ml/well), and samples were read in a Titertek Multiskan
spectrophotometer (Flow Laboratories, Ayrshire, Scotland)
at 490 nm.

To evaluate specific 1gG1 or IgG2a, pooled sera from each
group were used at a 1:10 dilution in triplicate. The reaction
was revealed with the biotin-avidin peroxidase system. Bio-
tinylated rabbit anti-mouse IgG! and 1gG2a (Amersham, Ar-
lington Heights, IL) were diluted 1:1,000 and avidin-per-
oxidase was diluted 1:2,000. The substrate consisted of
0.04% o-phenylenediamine (Sigma) and 0.012% hydrogen
peroxide in phosphate-citrate buffer, pH 5). The IgG1 and
IgG2a indices were calculated to compare the contribution
of these specific IgG subclasses. The index was calculated
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Ficure 1. Time course of lesion development in BALB/c mice
infected with 5 X 10° promastigotes of Leishmania amazonensis
isolated from patients with cutaneous/mucosal and visceral leish-
maniasis. Points represent the mean * SEM size (mm) of footpad
lesions. The number of mice infected with each Leishmania isolate
is described in the results.

as the anti-Leishmania subclass optical density (OD) divided
by the total anti-Leishmania 1gG OD.

Statistical analysis. Comparisons between cutaneous/mu-
cosal groups and visceral groups were done using the Mann-
Whitney test.

RESULTS

Course of disease. Footpad lesions from BALB/c mice
infected with the cutaneous and mucosal strains of L. ama-
zonensis, mucosal-1 (n = 31), mucosal-2 (n = 30), and cu-
taneous (n = 25), showed progressive lesions, starting after
three weeks and reaching 9 mm between 15- and 17-weeks
postinfection (Figure 1). Differences in lesion size among
cutaneous and mucosal strains were only transiently signif-
icant (5-9-weeks postinfection), with the largest lesions in
mucosal-1-infected mice. Dissemination of parasites to the
tail and other footpads was observed after 15 weeks of in-
fection (Figures 2A and B). Mortality due to severe disease
among animals infected with mucosal-1, mucosal-2, and cu-
taneous started by 15-weeks postinfection and all had died
by 25 weeks after infection.

The BALB/c mice infected with visceral strains of L. ama-
zonensis, visceral-1 (n = 26) and visceral-2 (n = 30), had
minimal lesions until the 13th-week postinfection (0.5 *
0.15 mm [mean * SEM]), with slight increases thereafter.
No metastases were observed in these animals even at 48-
weeks postinfection (Figure 2C). In fact, three mice infected
with visceral isolates were able to survive until the end of
the study (more than 18 months) without any growing foot-
pad lesions and metastatic lesions. Differences in lesion size
between the cutaneous/mucosal groups and visceral groups
were statistically significant after five weeks of infection.

The histopathologic findings in the lesions of the cutane-
ous/mucosal groups showed a clear predominance of heavily
infected macrophages with very few lymphocytes (Figure
3A). Lesions from BALB/c mice infected with the visceral
strains of L. amazonensis showed a predominance of lym-
phocytes, macrophages containing few parasites, presence of
plasma cells, and granulomas with giant cells (Figure 3B).
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FIGURE 2. A, BALB/c mice 15-weeks postinfection with Leish-
mania amazonensis (left) isolated from a patient with visceral leish-
maniasis, showing a small footpad lesion and (right) from a patient
with mucosal leishmaniasis, showing a larger footpad lesion and
metastasis to the tail (arrow). B, a BALB/c mouse 23-weeks post-
infection with L. amazonensis isolated from a patient with mucosal
leishmaniasis. The infection has disseminated to all four footpads,
with lost of the rear left one. C, BALB/c mice 43-weeks postinfec-
tion with L. amazonensis isolated from a patient with visceral leish-
maniasis. The lesions are limited to the infected footpads and no
metastasis was detected at this time.

The splenic index (spleen weight/body weight X 100) at
three, eight, and 15-weeks postinfection differed between the
cutaneous/mucosal groups and visceral groups. In the cuta-
neous/mucosal groups, the splenic index increased during
the course of the disease and in the visceral group, it de-
creased over time. At 15-weeks postinfection, the difference
in the splenic index between the cutaneous/mucosal groups
and the visceral group was statistically significant (P <
0.005) (Figure 4).

Parasite dissemination. Table 1 shows data on Leish-

FIGURE 3. A, histopathologic analysis showing a necrotic and
ulcerated footpad lesion from a BALB/c mouse 15-weeks postinfec-
tion with Leishmania amazonensis isolated from a patient with mu-
cosal leishmaniasis. The lesion is full of macrophages with amasti-
gotes inside (hematoxylin and eosin stained, bar = 50 um). B, his-
topathologic analysis of a footpad lesion from a BALB/c mouse 15-
weeks postinfection with L. amazonensis isolated from a patient with
visceral leishmaniasis. The lesion shows a mononuclear infiltrate,
without necrosis, and the presence of granuloma formation (hema-
toxylin and eosin stained, bar = 78 pum).

mania cultures in NNN medium obtained from whole
spleens or lymph node cells of BALB/c mice after three,
eight, and 15 weeks of infection with either cutaneous/mu-
cosal or visceral strains of L. amazonensis. At three weeks
postinfection, seven (46%) of 15 spleen cell cultures and 11
(73%) of 15 lymph node cell cultures were positive in the
cutaneous/mucosal groups, while none of the spleen cell cul-
tures were positive in the visceral group, despite positivity
in 70% of the lymph node cultures. Similar findings in both
groups were observed at eight-weeks postinfection. At 15-
weeks post infection, all cultures were positive, except for
two (22%) of nine cultures of spleen cells in the visceral
group. To evaluate the possibility that a large number of
spleen cells could interfere with promastigote proliferation,
spleen cells were adjusted to a concentration of 1 X 107
cells/ml before being seeded for culture. There was no dif-
ference in the number of positive cultures when spleen cells
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FiGure 4 Evolution of the splenic index (spleen weight/body weight X 100) of BALB/c mice infected with 5 X 10° promastigotes of
Leishmania amazonensis isolated from patients with either cutaneous/mucosal or visceral leishmaniasis. Points represent the mean * SEM
index of five spleens at each timepoint for each group, except for the visceral group at eight-weeks postinfection (n = 4). *P < 0.005, by the

Mann-Whitney test.

were adjusted to a concentration of 1 X 107 cells/ml, as
compared with the whole macerated spleen.

Antibody response. Serum levels of total anti-Leishmania
IgG antibody increased in both groups with the progression
of the infection. After three and seven weeks, antibody titers
were similar in the cutaneous/mucosal and visceral groups.
At 10-weeks postinfection, antibody titers were significantly
higher in the cutaneous/mucosal groups than in the visceral
group (2.4 * 0.30 versus 1.65 * 0.45 [mean + SEM], Figure
5). Serum levels of anti-Leishmania IgGl antibodies in-

TABLE 1
Dissemination of the five Leishmania amazonensis strains in BALB/
¢ mice to spleen and lymph node after three, eight, and 15 weeks
after infection

No. of positive cultures*

Weeks after infection
L. amazonensis

isolates Organ 3 15
Visceral-1 Spleen 0 0 4
Lymph node 5 4 5
Visceral-2 Spleen 0 1 3t
Lymph node 2 4 4%
Mucosal-1 Spleen 3 5 5
Lymph node 3 2 5
Mucosal-2 Spleen 2 3 5
Lymph node 3 5 5
Cutaneous Spleen 2 5 5
Lymph node 5 5 S

* Of five cultures.
+ Of four cuitures.

creased between three- and 10-weeks postinfection in both
groups, although they were higher in the cutaneous/mucosal
groups. Serum levels of anti-Leishmania IgG2a also in-
creased between three and seven weeks in both groups. Be-
tween seven- and 10-weeks postinfection, serum levels of
specific IgG2a antibodies increased in the visceral group and
remained the same in the cutaneous and mucosal groups.

Since the absolute serum levels of total IgG anti-Leish-
mania antibodies from the cutaneous/mucosal groups of
mice were different from the visceral groups of mice, we
calculated the IgGl and IgG2a indices (anti-Leishmania
IgG1 or IgG2a OD/total anti-Leishmania 1gG OD) to com-
pare the contribution of these specific IgG subclasses to this
difference. The IgG1l index increased in both groups from
between three- and 10-weeks postinfection, and at 10-weeks
postinfection they had similar IgG1 index values. The IgG2a
index decreased throughout the course of the disease in the
cutaneous/mucosal groups, but increased in the visceral
group. (Figure 6). The IgG1 index increase was associated
with the evolution of the footpad lesion in both groups, re-
gardless of the relative control of the disease in the visceral
group. The IgG2a index decreased dramatically in the cu-
taneous/mucosal groups but remained high in the visceral
group, without decreasing, even at 10-weeks postinfection
when lesion size started to increase (Figure 6). At 10 weeks,
the visceral IgG2a index and lesion size were similar to the
cutaneous/mucosal groups lesions and IgG2a index at three-
weeks postinfection.
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FiGURE 5. Evolution of serum levels of anti-Leishmania 1gG antibody of BALB/c mice infected with 5 X 10°¢ promastigotes of Leishmania
amazonensis isolated from patients with cutaneous/mucosal and visceral leishmaniasis. Bars represent the mean +* SEM optical density at 490
nm (OD,y) of sera from each group, as determined by an enzyme-linked immunosorbent assay. *P < 0.05, by the Mann-Whitney test.

DISCUSSION

In the present study L. amazonensis isolates produced dif-
ferent patterns of disease in BALB/c mice. The disease
caused by L. amazonensis isolated from patients with vis-
ceral leishmaniasis was characterized by small lesions with
a large number of lymphocytes, granuloma formation, and
few infected macrophages. There were no metastases even
after 48 weeks of observation. These lesions contrasted with
those caused by isolates obtained from patients with either
cutaneous or mucosal disease. Animals infected with these
parasites developed severe destructive lesions and pro-
gressed to death after 15 weeks. Histologically, the lesions
displayed a monomorphic appearance with heavily infected
macrophages. This pattern of severe disease corresponds to
that which has been shown in BALB/c mice infected with
L. amazonensis or L. major.”'®'3 On the other hand, resistant
mouse strains (C57Bl/6 or vaccinated BALB/c mice have a
controlled infection.!*'* Histologically, lesions from resistant
animals show a mononuclear infiltration, few infected mac-
rophages, granuloma formation, and fibrinoid necrosis that
are not seen in unvaccinated, susceptible animals.>'' These
histologic findings correlate with a good prognosis of the
infection in these animals, as well as in natural infection in
humans. In the present study, the course of the disease and
the histologic data on the lesions suggest good prognosis in
the BALB/c mice infected with the visceral isolates of L.
amazonensis.

Spleen weight also differed between animals infected with
cutaneous/mucosal or visceral isolates. Animals infected
with visceral strains initially had an increase in the spleen
weight but showed a gradual decrease with the evolution of
the disease, whereas animals infected with cutaneous isolates
exhibited a progressive increase in spleen weight. Reduction

of spleen size in visceral leishmaniasis patients is associated
with cure of the disease.'®

Parasite dissemination to the popliteal lymph nodes oc-
curred at three-weeks postinfection in both groups infected
with cutaneous/mucosal or visceral isolates. However, the
dissemination to the spleen occurred earlier (three weeks) in
BALB/c mice infected with cutaneous/mucosal isolates than
in mice infected with visceral isolates (eight weeks). In a
previous study, parasites were detected in the lymph nodes
and spleens of BALB/c mice two weeks after infection,
whereas C57Bl/6 mice parasites were detected only after
seven weeks of infection.!” Other studies have demonstrated
that early dissemination of different species of Leishmania
to the spleen and lymph nodes correlates with severity of
the disease.!” Thus, the pattern of dissemination of parasites
to these lymphoid organs is related to resistance to the in-
fection, as demonstrated in the present study.

Collectively, the absence of spleen enlargement, lack of
metastatic lesions, and the histopathologic findings of the
lesion are indicative of partial resistance and control of the
disease in BALB/c mice infected with visceral isolates of L.
amazonensis. Kahl and others, studying the pattern of dis-
ease in hamsters infected with two isolates of L. braziliensis
obtained from patients with mucocutaneous and cutaneous
leishmaniasis, also described different course of disease in
these animals,!81?

The control of leishmanial infection in susceptible animals
has been obtained only through the use of attenuated para-
sites or by manipulation of the immune system of these an-
imals with such approaches as sublethal irradiation, deple-
tion of L3T4* cells, or vaccination.!*!522! The parasites
used in the present study were not intentionally attenuated.
They were recently isolated and were used for infection be-
fore the third in vitro passage.
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FiGure & Evolution of specific IgG1 and IgG2 indices (anti-
Leishmania 1gG1 or 1gG2a optical density [OD}/total anti-
Leishmania 1gG OD) of BALB/c mice infected with 5 X 10% pro-
mastigotes of L. amazonensis isolated from patients with cutaneous/
mucosal and visceral leishmaniasis. Points represent the mean *
SEM IgG1 or IgG2a indices of sera from each group.

A previous study using a visceral isolate of this species
in BALB/c mice showed a disease course similar to the one
observed with cutaneous and mucosal isolates.? Although we
had the same pattern of disease in independent experiments
with two different visceral isolates in this study, we cannot
generalize these findings to all visceral isolates of L. ama-
zonensis.

The possibility that there were two different parasite spe-
cies (L. amazonensis and L. chagasi) in our isolates from
patients with visceral leishmaniasis is very unlikely for at
least three reasons. First, our isolates were typed twice, be-
fore and after the mouse infections, and always exhibited the
same pattern of reactivity with a large monoclonal antibody
panel. Second, in the case of a mixed infection, L. amazo-
nensis, a faster-growing strain than L. chagasi, would have
superseded the other, and in this case an accelerated course
of disease would have prevailed. Third, the isolate visceral-
2 was reisolated from BALB/c during the present study, was
used to reinfect BALB/c mice, and caused a disease with a
pattern similar to the first infection. Additionally, a similar

laboratory contamination in two different isolates obtained
and grown at different times is very unlikely.

Anti-Leishmania antibody levels were lower in animals
infected with the visceral isolates than in those infected with
cutaneous/mucosal isolates. Higher antibody levels are ob-
served in susceptible animals (e.g., BALB/c mice) as com-
pared with those resistant to L. mexicana or L. major infec-
tions.?2 Lower anti-L. amazonensis 1gG antibody levels in
BALB/c mice infected with visceral isolates can be taken as
further evidence of resistance against these isolates.

Expansion of Thl cells, which produce interleukin-2 and
interferon-gamma, are associated with the production of
IgG2a antibody, whereas Th2 cells activate B cells for the
production of IgGl and IgE antibodies.?? In murine leish-
maniasis, Thl cells are instrumental for resistance against
the infection.?>?* Specific IgG1 and IgG2a levels were de-
termined in this study was done in an attempt to indirectly
evaluate the type of cellular immune response predominant
in BALB/c mice infected by different strains. The IgG2a, as
a percentage of total IgG, increased in animals infected with
the visceral isolates and decreased in those infected with the
cutaneous/mucosal isolates of L. amazonensis. Our findings
of increasing specific IgG2a production by animals infected
with visceral isolates suggest a predominance of Thl cells
and correlate with partial protection against the disease.
Morris and others® have shown that BALB/c mice infected
with L. major had anti-L. major 1gG1 levels that correlated
with disease evolution. However, no correlation with specific
1gG2a levels and lesion development was shown among sev-
eral mouse strains resistant or susceptible to L. major infec-
tion. Our data show similar results concerning IgGl levels
and disease evolution in both groups, but in our present
work, the IgG2a index decreased in the cutaneous/mucosal
groups and inversely correlated with the disease evolution
and increased in the visceral group, in which the lesions
were partially controlled. Recently, Afonso and Scott? have
shown that the susceptibility of C57BI/10 mice infected with
L. amazonensis is due to the absence of Thl cell response,
rather than to the presence of a Th2 cell response. Our re-
sults showed that resistance of BALB/c mice infected with
visceral isolates of L. amazonensis could be also correlated
with an expression of a Thl cell response in these animals,
as the specific 1gG2a levels and lesion evolution suggest.

The results in the present paper show that isolates typed
as L. amazonensis promote a different course of infection in
inbred BALB/c mice. These strains were isolated from pa-
tients with distinct clinical presentations of disease. In the
human host, however, the differences in the evolution of the
disease could be due to host genetic dissimilarities. The con-
firmation of a different course of disease using uncloned
isolates in a genetically homogeneous host, such as inbred
BALB/c mice, suggests that a phenotypic difference does
exist between these parasites and casts doubt on the biolog-
ical meaning of currently used methods for parasite typing.
It is possible that subtle differences among various parasite
isolates, not related with the characteristics or molecules
used in current taxonomy, are important in determining the
course of leishmaniasis.
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