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represent the resistant immunological pole of infection, they
also increased more 30 cases came from III, 47 from SRI,
two from SOIL, and one from SI (=AVL) profiles; thus,
providing to Al profile a final evolution rate of infection of
78.3% (238 cases).

In summary, the Al profile was the unique profile which
was benefited with the dynamics evolution of infection,
evolving from 51.6% in the accumulated prevalence to
78.3% in the final evolution of infection. The other profiles
have only decreased their frequency rates following the
evolution of infection, as follows: SI (=AVL) from 1.6% to
0.3%, SOI from 4.3% to 1%, SRI from 20.1% to 15.1%,
and principally, III from 22.4% to 5.3% (Tables 1 and 2).

At last, it is important to emphasize that throughout the
study period there was not detected none case of cutaneous
leishmaniasis amongst the individuals reacting either by
LST and/or by IFAT, which reinforced the specificity of
these immunological tests for diagnosing human L. (L.) i.
chagasi infection. At the same time, there was no recorded
none case of “HIV” infection amongst the individuals
resident in this community.

Discussion

Initially, it should be highlighted the importance of Al
profile in the context of this clinical-immunological
spectrum of human L. (L.) i. chagasi infection once these
results have clearly demonstrated that Al profile was the
most frequent in all surveys analyzed, specially in the
accumulated prevalence where it had 51.6% of infection,
followed by I1I (22.4%), SRI (20.1%), SOI (4.3%) and, SI=
AVL (1.6%) profiles. Thus, it is reasonable to assume that
its high frequency might be the result of the small period of
time developing between the initial stage of infection (III
profile) and its final stage (Al profile), indicating that most
III cases present a brief IgG antibody response (IFAT+/++)
followed by rapid positive LST conversion (SRI profile),

and finally, negative IFAT conversion (Al profile). This
finding had prior been studied in AVL endemic area in
Barcarena municipality, Para state, at about 150 km distant
from this study area in Cametd municipality, where Al
profile corresponded to 73.2% of cases in the accumulated
prevalence of infection (Silveira et al. 2009b). In this
way, as T-cell hypersensitivity has been considered a
genetic expression of T-cell immune response against
human L. (L.) i. chagasi infection (Jeronimo et al. 2007),
the present results have confirmed that the great majority of
infected individuals in endemic area (final evolution of Al
profile was 78.3%) are immune-genetic resistant against
to infection. In addition, regarding that SRI profile (final
evolution 15.1%) seems to represent a developing stage
towards to the resistant Al profile, this rate can reach to
90% of all infection in endemic area.

With regards to SRI profile, which has been recognized
as a new stage of infection in this diagnostic approach, its
performance was similar to that found in previous study
(Silveira et al. 2009b), with 23% in the prevalence and
15.4% in the final evolution of infection, suggesting to be
more frequent amongst older cases of infection and with
high possibility for developing towards to the resistant
immunological pole of infection (Al profile). In this way, it
was shown in the present study that 47 (77%) amongst 61
SRI cases have negatively converted the IFAT— and kept
their T-cell hypersensitivity (LST+/++++ and IFAT-),
assuming then the status of Al profile. Thus, as T-cell
hypersensitivity expression is genetic controlled, it might
be expected that just following a new case of infection (III
profile) had converted its T-cell hypersensitivity (SRI
profile), it will certainly develop to the resistant immuno-
logical pole of infection (Al profile). This is the reason we
have not regarded SRI cases as a major target to follow-up
in AVL control programs.

In relation to III profile, which has been regarded as the
earliest stage of infection in this diagnostic approach, it was
interesting to record its regular distribution in all surveys of

Table 2 Age distribution of
clinical-immunological profiles
of human L. (L.) i. chagasi-
infection in the prevalence and
incidence surveys in Cameta

Surveys Number (%)

Clinical-immunological profiles

Number (%)

municipality, Para state, Al SI SOl SRI I
Amazonian Brazil
Prevalence (n=187 cases)
1-10* 43 (23.0) 13 (30.2) 4(9.3) 2 (4.7) 13 (30.2) 11 (25.6)

o . 11-20 44 (23.5) 21 (47.7) - 2 (4.6) 6 (13.6) 15 (34.1)
Al asymptomatic infection, SI >21 100 (53.5) 56 (56.0) - 5(5.0) 24 (24.0) 15 (15.0)
symptomatic infection (AVL), .
SOI sub-clinical oligosympto- Incidence (n=117 cases)
matic infection, SRI sub-clinical 1-10 51 (43.6) 30 (58.8) 1(1.9) 3(5.9) 3(5.9) 14 (27.5)
resistant infection, and /I 11-20 44 (37.6) 30 (68.2) - - 8 (18.2) 6 (13.6)
indeterminate initial infection 21 22 (18.8) 7 (31.8) B 1 (4.6) 7 (31.8) 7 (31.8)

* Age groups (years old)
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the present study, with 22% in the prevalence, 26.6% in the
first incidence (12 months), 18.9% in the second incidence
(24 months), 22.4% in the accumulated prevalence and,
23.1% in the final incidence, which might be reflecting an
expressive regularity of the infection transmission in the
endemic area of Cametd municipality, where the prevalence
of infection (17%) was, coincidently, higher than that
(12.6%) in prior study in Barcarena municipality (Silveira
et al. 2009a). Besides this, regarding that final incidence of
II profile was 23.1%, it is expected that about 2-3% of
cases should require clinical follow-up in the endemic area
once they have high potential for developing to the suscep-
tible clinical forms of infection, i.e., SOI or SI (=AVL)
profiles. Thus, these findings should be taking into account
when developing AVL control programs.

The SOI and SI (=AVL) profiles have presented the
smallest frequencies in all time-point surveys of this study,
although SOI has shown an accumulated prevalence (4.3%)
almost three times higher than that (1.6%) of SI. However,
as similar to that found in the first study in Barcarena
municipality (Silveira et al. 2009b), both profiles have
shown an accumulated prevalence of only 5.9% of total
cases of infection in endemic area of Amazonian Brazil,
which differs from the northeaster region of this country;
i.e., in Bahia state, for example, the sub-clinical oligo-
symptomatic form (=SOI profile) was recorded in 60% of
86 infected children below fifteen years old (Badar¢ et al.
1986b) and, in Maranh@o state, the same clinical form was
diagnosed in 17.4% of 189 children into the same age
group (Gama et al. 2004). It should be highlighted, how-
ever, that in these two studies the diagnosis of disease
was realized in children below fifteen years old, which
might be providing to these children a greater susceptibility
to develop symptomatic infection.

When distribution of clinical-immunological profiles
was regarded by age, it was again demonstrated that Al
profile was the most frequent in almost all age groups
analyzed (1-10, 11-20, and >21 years age groups), either in
the prevalence or in the incidence, with exception in case of
the 1-10 years age group in the prevalence whose frequency
(30.2%) was the same to that of SRI profile and, also, in case
of the >21 years age group in the incidence whose frequency
(31.8%) was also the same to those of SRI and III profiles.
Thus, these results have provided to Al profile the status
of the most frequent in all different age groups in both
prevalence and incidence surveys.

On the other hand, when the frequency of infection was
compared within the same clinical-immunological profile,
the following findings deserve to be commented: (1) while
in the prevalence there was an accumulative effect of Al
profile with age, which may be interpreted as clear evidence
that T-cell hypersensitivity increases with age (Pampiglione
et al. 1975; Badard et al. 1986a; Ali and Ashford 1993;

Davies and Mazloumi Gavgani 1999), this, in fact, only
reflects that older individuals (>21 years old) have had a
more exposure time to infection than younger people (1-10
and 11-20 years old); in the incidence, however, there was
a decreasing effect of Al profile with age, which showed an
important reduction of infection from the smallest age
groups (1-10 and 11-20 years old with 30/44.8% cases
each age group) towards to the older age group (>21 years
old with 7/10.4% cases), indicating that amongst the new
cases of infection Al profile was principally represented by
young children and adolescents; (2) all four AVL cases (SI
profile) were recorded within the smallest age group (1-
10 years old), confirming that AVL is typical of young
children; (3) in SOI profile was found a similar distribution
of cases amongst the different age groups, with 53.8% in
the smallest age groups (1-10 and 11-20 years old) and
46.2% in the older age group (>21 years old), which differs
from the results found in prior study in Barcarena
municipality where the mean age of SOI cases was 33 years
old (Silveira et al. 2009b); (4) in SRI profile was observed
in the prevalence a higher concentration of cases within
the >21 years age group (55.8%) in relation to that found
within the 1-10 and 11-20 years age groups (44.2% both),
suggesting a higher presence of SRI profile amongst the
individuals with older infection; however, in the incidence
it was observed, in contrary, a higher concentration of cases
within the 1-10 and 11-20 age groups (61.1%) in relation
to that found within the >21-year age group (38.9%), which
might be indicating a higher transmission of infection
amongst younger individuals; (5) at last, it was shown in the
incidence that III profile have had a higher concentration of
cases within the 1-10 and 11-20 years age groups (74%)
over that recorded within the >21 years age group (26%),
suggesting again that transmission of L. (L.) i. chagasi to
man is principally intra-domiciliary or peridomestic, where
children and adolescents are particularly vulnerable (Lainson
and Rangel 2003, 2005; Lainson and Shaw 2005; Silveira
et al. 1997).

Regarding the dynamics evolution of infection, it should
be emphasized the relevance of III profile in the context of
this diagnostic approach due to its pivotal role in supplying
other profiles of infection. In this way, it was shown that
amongst 68 III cases recorded during this study 30 (44.1%)
have evolved to Al and 21 (30.8%) to SRI profiles, which
means almost 75% (74.9%) of III cases with evolution to
the resistant immunological pole of infection strongly
characterized by T-cell hypersensitivity. Besides these, one
case (1.5%) had evolution to the susceptible immunological
pole of infection (SI profile=AVL) and, 16 (23.5%) had not
changed their original profile till the end of study. Thus,
these results seem greatly to be in according with the
proposal of this diagnostic approach (Silveira et al. 2009b),
which has prior demonstrated that III cases may evolve,
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depending on the genetic background of T-cell immune
response (Blackwell et al. 2004; Jamieson et al. 2007), to
either the resistant, SRI and Al, or the susceptible profiles,
SOI and SI (Fig. 2).

Regarding the above prediction, we have also considered
priority the evolution of the susceptible immunological
profiles SOI and SI (=AVL) which, although have been
identified with the same immune response (LST— and IFAT
+++/++++), could be distinguished due, principally, to the
fact that SOI cases had spontaneously developed to clinical
cure in 10 (77%) amongst 13 cases recorded (eight have
evolved to SRI and two to Al profiles; the last three have
kept their original profile till the end of study), while
typical AVL cases had required antimony therapy for
developing to clinical cure (three cases have evolved to
SRI, one to Al and, one had retained its original immune
response but clinically asymptomatic). These observations
are also in according with clinical evolution of SOI cases in
Maranhao (Gama et al. 2004) and Ceara states (Holaday et
al. 1993), where 33 cases in Maranhao and 12 in Ceara
states have spontaneously healed. In addition, other study
in Bahia state has demonstrated the capacity of SOI patients
to product higher levels of IFN-y in vitro culture of
peripheral blood mononuclear cells (PBMC) than that of
AVL (SI profile) patients (Bacellar et al. 1991), which
might help to better understand the pathogenesis of these
symptomatic forms of human L. (L.) i. chagasi infection.

Concerning the clinical-immunological profiles which
have shown resistance against to infection, SRI and Al
profiles, the impression left was that SRI seems to represent
a development stage towards to Al profile once most SRI
cases (77%) had negatively converted IFAT, assuming then
the status of Al profile; this observation might help to
explain the high frequency of Al profile which has been
found in this and in prior study (Silveira et al. 2009b). On
the other hand, a few Al profile cases from the prevalence
showed transitory IFAT-conversion, which was interpreted
as a result of a short-lived antigenic impulse produced by
an abortive re-infection controlled by T-cell response. This
possibility was based on the well-known ability of IL-10 to
inhibit the production of INF-y and macrophage activation,
leading the infection towards to the Th2-type immune
response (Bacellar et al. 2000; Blackwell et al. 2004). This
might help to explain the low, transitory IFAT response found
in a few Al cases. However, the clinical-immunological status
of the great majority of Al cases remained unaltered,
suggesting that Al profile is the end of line of infection
(Fig. 2).

At last, the dynamics evolution of infection showed that
only Al profile was benefited with this process, increasing
its frequency from 51.6% in the accumulated prevalence to
78.3% in the final evolution of infection, whereas other
profiles have had significant loss with this evolution
process, such as: SI (=AVL) from 1.6% to 0.3%, SOI from

SUSCEPTIBLE IMMUNOLOGICAL POLE |

| RESISTANT IMMUNOL OGICAL POLE |

Symptomatic infection (SI=AVL)

Asymptomatic infection (Al)

. Yo LST- m AP=516% |LST+++++

- | FAT +++/++++ FE=783% |FAT—

% A

% H

*eu. . Subclinical infection
Oligosymptomatic (SOI) P Resistant (SRI)
LST- L ST+/++++

IFAT +++/++++ | FAT +/++

AP=43%
FE=10% é

Indeter minate initial

AP=20.1%
FE=151%

% infection (111)

*
L4
*sapsmmmnns

LST

AP=224%
+++
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Y& Patients with successful antimony therapy
== = Resistant immune response
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Fig. 2 Dynamics evolution of clinical-immunological profiles of
human Leishmania (L.) infantum chagasi-infection in Amazonian
Brazil. [FAT indirect fluorescent antibody test (IgG). [FAT++++
5,120-10,240 (IgG). [FAT+++ 1,280-2,560 (IgG). [FAT++ 320-640
(IgG). IFAT+ 80-160 (IgG). IFAT- negative reaction. LST leishmanin
skin test. LST++++ exacerbate reaction (>16 mm). LST+++ strong
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symptomatic infection. SR/ sub-clinical resistant infection. //I indeter-
minate initial infection. AP accumulated prevalence. FE final
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4.3% to 1.0%, SRI from 20.1% to 15.1%, and principally,
I profile from 22.4% to 5.3%. Thus, it seems undoubted
the relevance of these new clinical-immunological profiles
(SRI and III) in promoting the evolution of infection,
principally III which might help to prevent the high
morbidity of severe AVL cases in endemic area.
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COMPARATIVE STUDY OF THE BIOLOGICAL BEHAVIOUR IN HAMSTER OF TWO ISOLATES
OF LEISHMANIA CHARACTERIZED RESPECTIVELY AS L. major-like AND L. donovani.

M. 1. S. DUARTE (1), M. D. LAURENTI (1), H. F. ANDRADE JR. (1, 2) & C. E. P. CORBETT (1)

SUMMARY

Hamster inoculated intraperitoneally with 1 x 107 parasites of L. donovani and
L. major-like of the New World were studied in groups of 15, 30, 60 and 90 days
of infection. The parasite load and density showed progressive increase with the
evolution of the infection and was higher in the L. donovani groups than in the
L. major-like groups. The L. major-like groups showed parasite density higher in
the spleen than in the liver and was similar in both organs in L. donovani groups.
The histopathology showed a diffuse marked hyperplasia and hypertrophy of the
reticuloendothelial system with high parasitism in the I, donovani groups while
there was focal involvement of these organs in L. major-like groups, forming nodules
of macrophages that were scantly parasitised.

The biological behaviour could be usefulin the preliminary studies of Leishmania
strain in regional laboratories and understanding the histopathology of lesions cau-

sed by different leishmania species.

KEY WORDS: Leishmania; L. donovani; L. major-like; Experimental infection.

INTRODUCTION

The leishmanias are intracellular parasites
whose tissue tropism vary from species to spe-
cies. The infection caused by L. donovani shows
visceral involvement with predilection for or-
gans rich in reticuloendothelial tissue such as
spleen, liver and bone marrow (ADLER, 1963;
BRAY, 1974; BRADLEY & KIRKLEY, 1977 and
MELENEY, 1925). The cutaneous leishmaniasis,
such as those caused by the L. tropica and L.
major in the Old World and L. brasiliensis and
L. mexicana in the New World, show a parasite
preference for skin in spite of the detection of
cryptie infections in other organs of experimen-

tal animals (COUTINHO & COELHO, 1972;
SCHNUR, ZUCKERMAN & MONTILO, 1973).

Previous studies on L. donovani in hamsters
showed an inverse correlation between the mean
lifetime and the number of parasitesin the inocu-
lum and a direct correlation with the final parasi-
tism of the spleen and liver (STAUBER, 1958).
The inoculation route is also important in the
development of the disease (BRADLEY &
KIRKLEY, 1977; OTT, HANSON & STAUBER,
1967 and STAUBER, 1958). The differentiation
of species of leishmanias using biological beha-
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viour in hamsters has revealed many problems.
We do not know of any quantitative studies com-
paring visceral involvement of different species,
but we think, that this could be useful for initial
studies using the analysis of the biological beha-
viour of new isolates for differention of the lesh-
mania species.

The histopathological study of experimen-
tal visceral leishmaniasis has been carried out
by many authors (GELLHORN, et al., 1946; GU-
TIERREZ, MAKSEN & REINER, 1984; MELE-
NEY, 1925; RITTERSON, 1955; ZUCKERMAN
& LAINSON, 1977). We have been studying the
histopathology -of various organs from experi-
mental visceral leishmaniasis in hamster and ha-
ve previously described the visceral changes
which occur (DUARTE & CORBERTT, 1984;
DUARTE, SESSO & BRITO, 1978).

In our laboratory working with a strain of
Leishmania, isolated from the liver of a dog from
an endemic area of human visceral leishmania-
sis, we found, in hamster, parasite proliferation
in liver and spleen with no evident involvement
of the skin. This strain was earlier characterized
as L. donovani but a new identification using
biochemical and immunological methods (MO-
MEN et al, 1984; PACHECO, 1985 and SHAW,
1985 — personal communication) established as
being a L, major-like. However, the visceral
involvement was much more benign than that
found in visceral leishmaniasis caused by a well
characterized strain of L. donovani chagasi.

In this work we have carried out a compa-
rative study of the parasitism and the histopa-
thology of the spleen and liver of infected hams-
ters looking for a possible differentiation bet-
ween the L. donovani and L. major-like isolated
in the New World. .

MATERIAL AND METHODS

Animals: male, outbread, hamsters, age
45-60 days old, from the University of Sdo Paulo
Medical School General Colony and kept in our
laboratory were used (VAN JOOST & SLU-
TERS, 1972).

Parasites: L. donovani MHOM/BR/72/LD
46) was isolated by Dr. W. Mayrink, Federal Uni-
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versity of Minas Gerais, Brazil, in October, 1972,
from an human case of visceral leishmaniasis
comming from Mantena (MG). The parasite was
isolated using bone marrow aspirate and inocu-
lated into hamsters. We have maintained this
parasite by inoculation every three months. It
was characterized at the Wellcome Parasitology
Unit, Instituto Evandro Chagas, Belém, PA,
using monoclonal antibodies and by isocenzyme
methods, in 1985 (SHAW — personal commu-
nication).

L. major-like (MCAN/BR/73/LD 70) isolated
by Dr. Magno Dias, Federal University of Minas
Gerais, from liver ofa dog from Conselheiro Pena
(MG)in 1973. It was maintained in the laboratory
by sub-inoculations every three months (PA-
CHECO, 1985; SHAW, 1985 — personal commu-
nication).

Eight experimental groups of hamsters in-
fected with either L. donovani or with L. major
like with at least four survining animals. Each
animal was inoculated intraperitoneally with 1
x 107 amastigotes, determined by the Stauber
method (STAUBER, 1958) at intervals of 15, 30,
60 and 90 days after inoculation. Fragments from
the liver and spleen were processed for light mi-
croscopy and for parasite load determination.
Fragments from spleen and liver were fixed in
buffered 10% formalin solution (pH 7.2) and pro-
cessed by usual histopathological techniques
and stained with haematoxylin-eosin.

The spleen and liver smears were fixed in
methanol and stained by Giemsa’s method. The
parasite load of the spleen and liver were calcu-
late by determining the number of amastigotes
found per 1000 nuclei of the organs cells x 2 x
10° (STAUBER, 1958). The parasite density was
obtained by dividing the parasite load of the or-
gan by its weight in milligrams (STAUBER,
1958). Statistical analysis was performed using
Students “t” test, with 0,05 significance levels.

RESULTS

The distribution of the spleen and liver para-
site load can be seen in table 1. There was a
progressive increase of parasite in both species.
The increase was bigger in animals infected with
L. donovani than in those inoculated with L.
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TABLE 1

Parasite load and density of L. donovani and L. major-like in the spleen and liver of hamster.

Spleen Liver
Experii Number Time of Weight (mg) Parasite Parasite Weight Parasite Parasite
mental of infeetion  Strain =+ standard load § density & (mg) load deneity
group animals (days) error (8. E) (10 £ 8.E. (109 = SE. + S.E. (10 + SE. (10 = 8.E.
I (] 15 L. donovani 143,33 = 239 10.60 = 4413332 5463+ 1375
131,891 11,59 15,08 1387671 124,241 13,029
I 10 30 L, donovani 244,00 = 1302+ 46.60 = 411800 117,66 = 47602
120,231 4,141 112,95 1205.54} 188,871 116,901
i & 60 L. donovani 366,67 2 496,66 + 142281« 5173,00 % 4383,00= 842.60 +
137,20 150,501 1521001 (198 42) 198,17 1226,001
v 4 80 L. denovani 330,00 = 700,70+ 201700 473700 = 1897472 488,00 =
182 86) 1438461 (1541000 (650,000 11260.70 (373,000
v § 15 L. major-like 253,332 042+ 210+ 378300+ 843+ 3E
192,000 0,111 0,601 1152,00) 12,76) 10751
VI (| 30 L. major-like 324334 1732 GRUES 5184,00 = 10,58+ 214t
131,000 10,601 2,67 {213,000 13,000 10641
v § 60 L. major like 22000+ 387+ 1890+ 3606,00 = 248+ il
120,98 (1,511 83T (477,080 (13,05 16,60
Vi ] 80 L. major-like 284.00= 990+ 120+ 4378,00= 40z 16,0 =
(15,031 (3,341 121,800 1156,76) . 130,66) 16,691

* 6 died before the 80" day. — § Number of amastigotes per 1000 nuclei of tissue cells x 2x10°
& Number of amastigotes per milligram of the organ.

PARASITE LOAD ( LOG )

LJ
T

O0-—-0 LIVER
L QOMOYAN]
o——o SPLEEN

F-=4 LIVER
L. MAJOR-LIKE

——a BPLELN

N* OF AMASTIGOTES PER 1000 NUCLEI OF TESSUE CELLS X 2 X 10°
-
T

|.n n'o &0 90 DAYE
Fig. 1 — Evolution of the parasite load in liver and spleen
of hamster inoculated with L. donovani and L. major-like.

major-like and the difference was significant (p
< 0,05) from the 15% day of infection onwards
(Fig. 1).

The parasite density, i. e., the number of pa-
rasites per milligram of the organ (Fig. 2) showed
clear differences in the behaviour of these two
strains.

The L. donovani groups showed a faster pro-
liferation of parasites than the L. major-like
groups (p < 0,05). The parasite density in the
spleen and liver in all L. donovani groups was
similar. Nevertheless in the L. major-like group
this density was significantly higher in the
spleen than in the liver with a (p < 0.10 and p
> 0.05, respectively). The 90 day L. donovani
group had only 4 animals because the other 6
had died before this time. These animals showed
high parasitism of the spleen and liver and matr-
ked typical histopathological lesions of the di-
sease.
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B0 DAYS

Fig. 2 — Evolution of the parasite density in liver and spleen
of hamsters inoculated with L. donovani and L. major-like.

The histopathological analysis of the lesions
in all groups gradually increased with time and
a difference between the L. donovani and L. ma-
jor-like involvement was noticed. In spite of all
groups showing histopathological lesions in-
creasing with the time there was a different pat-
tern of involvement in the L. donovani group
and in L. major-like group. The changes were
more diffuse in the L. donovani group and nodu-
lar in the L. major-like group. In each parasite
species group the type of histopathological in-
volvement was similar varying only in-intensity
with the time of infection.

The spleen and liver reticuloendothelial sys-
tem was highly parasitized from the begining
in L. donovani infected animals. The early liver
changes (15 days infection) were moderate diffu-
se hyperplasia and hypertrophy of the Kupffer
cells with discreet parasitism. Intralobular aggre-
gates of the phagocytic cells with high parasi-
tism were irregulary distributed within the hepa-
tic lobules, with no preference for any particular
zone. The portal spaces showed mild infiltration
by lymphocytes, plasma cells and macrophages,
some of them containing leishmanias. After 30
days of infection there was an increase in the
hypertrophy and hyperplasia of the Ktipffer cells
and also higher parasitism. At the same time
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there was a decrease of the intralobular macro-
phage aggregates and portal mononuclear cells
began to infiltrate the lesions (Fig. 3).

Fig. 3 — Liver from L. donovani group 60 days after infection:
diffuse hypertrophy and hyperplasia of the Kapffer cells with
severe parasitism (x 506,9).

The parasite density in the liver was lower
with L. major-like than with L. donovani. The

"histopathology of the L. major-like group sho-

wed multi-focal lesions with no diffuse reticu-
loendothelial system hyperplasia as seen in L.
donovani group. The most frequent histopatho-
logical changes found were intralobular inflam-
matory nodules scattered throughout the paren-
chyma. These nodules were made up of macro-
phages together with lymphocytes forming
small aggregates where the leishmanias were ei-
ther few or absent. There was also mild hyper-
plasia of the Kupffer cells which did not show
any parasitism. The portal spaces presented dis-
creet infiltration by lymphocytes and macropha-
ges up to 30 days of infection groups and mode-
rate in the others two which showed also an in-
crease of plasma cells (Fig. 4).
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Fig. 5 — Spleen from L. donovani group 80 days after infection:
diffuse hypertrophy and hyperplasia of the reticuloendothelial
system with high parasitism. (x 253,4).

Fig. 4 — Liver from L. major-like group 60 days after infection:
intralobular nodules of macrophages, lymphoeytes and plasma
cells. There was scanty parasitism. (x 126,7).

In the spleen the most prominent changes
found in the L. donovani groups were diffuse
hyperplasia and hypertrophy of the reticuloen-
dothelial system within the sinusoids increasing
in intensity in the other groups accompanied
by marked parasitism (Fig. 5). On the other hand
the L. major-like groups showed mainly nodules
made up of macrophages with either mild or mo-
derate parasitism scattered in the red pulp of
the spleen (Fig. 6). In the oldest group there was
also mild diffuse hyperplasia of the reticuloendo-
thelial system. The lymphoid follicles of the whi-
te pulp moderately increased in volume with hy-
perplasia and parasitism of the macrophagic
cells in the L. donovani group. In the L. major-
like groups there were discreet increase in the
germinative centers with mild hyperplasia of the
macrophages and occasional parasites were
seer}. The:' FEFRaHROCy f denmt)'r e e Fig. 6 — Spleen from L. major-like group 60 days after infection:
phoid follicles was decreased only in the 90 days hypertrophy and hyperplasia of the mononuclear phagocitic
old L. donovani groups. cells arranged in nodules with rare parasites. (x 128,7).
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There was no change in the lymphocyte den-
sity either in the B or T dependent zone, in any
the L. major-like groups.

DISCUSSION

The L. donovani group presented a parasite
load and density higher than the L. major-like
group in spleen and liver. However, the L. major-
like group showed higher concentration in the
spleen than in the liver while the L. donovani
groups showed no difference in these organs. The
histopathology also showed significant differen-

. ces between there two groups. The L. donovani
groups had a more diffuse involvement with se-
vere reactivity of the reticuloendothelial system
and high parasitism. The L. major-like groups
showed focal involvement with intralobular ma-
crophages nodules scaterred, throughout the or-
gans, with few or no leishmania found into these
nodules. There was low reactivity of the reticu-
loendothelial system where no parasite was
seen. These differences seem to be determined
by the two species studied (HOMMEL, 1978;
MAUEL & BEHIN, 1982). Even with the out-
standing taxonomic problems related to the
leishmanias species of the New World (GARDE-
NER, 1977, HOMMEL, 1978) it is accepted that
the L. donovani has a tropism for the viscera
(ADLER, 1963; BRAY, 1974; BRADLEY &
KIRKLEY, 1977) and the L. major-like for the
skin (BRAY, 1974; ZUCKERMAN & LAINSON,
1977). Using biochemical methods and monoclo-
nal antibodies (MOMEN et al., 1984; PACHECO,
1985; SHAW, 1985 — personal communication)
this strains of a neotropical leishmania have re-
cently been identified as L. major-like. However,
the strain used in the present studied is different
from the L. major, reference strain, in relation
to the KDNA restriction enzymes analysis (MO-
MEN et al., 1985; PACHECO, 1985).

Strain MCAN/BR/73/LD70 was originally,
isolated from dog liver and has not showed cuta-
neous tropism when inoculated intraperitonea-
1ly in hamsters.

Others strains in the New World have been
identified as L. major-like but there have been
considered in some cases as result of laboratory
“mix-ups’” (SHAW, personal communication).
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The exact nature of L. major-like strains from
Brazil must be investigated in greater detail.
Epidemiological studies and identifications of
new isolates must now be performed,

In conclusion we feel that it is very impor-
tant to investigate the biological behaviour of
new isolates for initial studies of different leish-
mania species which together with clinical and
epidemiological observations will be useful for
the understanding of the pathological changes
causes by each species. Both studied species
showed significant biological behaviour differen-
ces between them indicating that, such differen-
ces can be detectedusing quantitative and histo-
pathological methods.
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RESUMO

Estudo comparativo de comportamento biolé-

gico de dois isolados de Leishmania caracteri-

zados respectivamente como L. major-like e L.
donovani, em hamster.

Experimentos utilizando-se hamsters inocu-
lados intraperitonealmente com 1 x 107 parasitas
de 2 cepas, L. donovani (MHOM/BR/72/LD 46)
e L. major-like (MCAN/BR/73/LD 70) isoladas no
Novo Mundo foram realizados e estudados em
grupos de 15, 30, 60 e 90 dias de infecgdo. A carga
e a densidade parasitaria mostraram progres-
sivo aumento com a evolugao da infec¢ao e foi
maior nos grupos inoculados com L. donovani
do que nos grupos inoculados com L. major-like.
Os grupos inoculados com L. major-like mostra-
ram densidade parasitdaria maior no baco que
no figado e foram semelhantes em ambos os or-
gaos nos grupos inoculados com L. donovani.
A histopatologia mostrou intensa e difusa hiper-
plasia e hipertrofia do sistema reticuloendotelial
com alto parasitismo nos grupos inoculados com
L. donovani, enquanto foi encontrado envolvi-
mento focal nestes 6rgdos nos grupos inoculados
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com L. major-like, formando nodulos de macro
fagos discretamente parasitados.

O comportamento biolégico seria util em es-
tudos preliminares de identificacao de cepas de
Leishmania em laboratorios regionais e na com-
preensio da histopatologia das lesdes causadas
por diferentes espécimes de leishmanias.
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Summary. Hamsters were inoculated with 107 Leishmania (Leishmania) chagasi amastigotes in
the hind footpads and killed at 7, 15, 30. 45, 60, 75 and 90 days after infection. We observed
mononuclear inflammatory infiltrates with many parasites on the 7th and 15th days of
infection. On the 30th day there was early granuloma formation. After 45 days the lesion was
characterized by well defined epithelioid granuloma with multinuclear giant cells whose
cytoplasm showed Schaumann bodies. Non-particulate antigenic material was present in the
macrophage cytoplasm and between the lamellae of the Schaumann bodies. Granuloma
formation has an important role for the control of infection at the inoculation site. The results
indicate that dissemination of the infection must occur in the first 45 days, before granuloma
formation has taken place.

Keywords: visceral leishmaniasis, Leishmania (Leishmania) chagasi, pathology, granuloma,

immunoperoxidase

The histopathology of different organs
involved in visceral leishmaniasis has been
described by many authors (Ritterson 1955;
Duarte et al. 1983; Duarte & Corbett 1984,
1987: Gutiérrez et al. 1984) but very little is
known about the cutaneous changes which
occur after parasite inoculation by mosquito
bites.

Manson-Bahr (1955) and Sen Gupta and
Das Gupta (19571) described a leishmania-
induced granuloma at the site of subcuta-
neous inoculation with promastigotes in
human volunteers. It was histologically
characterized by a granulomatous reaction

with round cells, lymphocytes, plasma cells
and large macrophages with parasites and
late giant and epithelioid cell formation. This
reaction persisted even when well defined

visceral leishmaniasis lesions developed
(Manson-Bahr 1959;: Manson-Bahr et al.
1963).

The early histopathological changes after
subcutaneous inoculation of promastigotes
of Leishmania donovani in hamsters (Wilson et
al. 1987), started with an infiltrate of mainly
polymorphonuclear neutrophils and some
macrophages with phagocytosis of parasites.
After 24 h the infiltrate was composed

Correspondence: Mércia Dalastra Laurenti, Faculdade de Medicina da USP, Depto. de Patologia, Av. Dr.
Arnaldo, 455, 1° andar, sala 26, CEP: 01246, Sdo Paulo, SP, Brasil.
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mainly of mononuclear cells with posterior
granuloma formation. Dissemination of the
infection was detected after 8 weeks by the
presence of parasites in the mononuclear
phagocytic cells of the liver and spleen.

This study was designed to investigate the
histopathological changes which develop at
the site of subcutaneous inoculation of Leish-
mania (Leishmania) chagasi in the hind foot-
pads of the hamster with special attention to
parasite antigen kinetics and to granuloma
formation,

Material and methods

Animals

Male 45-60 days old outbred hamsters
(Mesocricetus auratus) were used, obtained
from University of Sdo Paulo Medical School
General Colony.

M.D. Laurenti et al.

Parasites

Leishmania ( Leishmania) chagasi (MHOM/BR/
72/strain 46). A hamster with approxima-
tely 3 menths infection was killed and the
spleen removed and weighed. The parasites
in spleen smears stained by Giemsa's method
were counted. The spleen parasite load was
calculated by determining the number of
amastigotes found per 1000 spleen cell huc-
lei x spleen weight (mg) x 2 x 10> (Stauber
1958). The spleen was homogenized in a
glass-tissue grinder and adjusted with saline
to give a concentration of 1 x 107 amasti-
gotes/0.1 ml.

Infection

Seven experimental groups, each with five
animals, were inoculated s.c. with L, (L.}
chagasi in the hind footpads with 10" amasti-
gotes. There were two control animals in

Fig. 1. Lymphocyte and macrophage infiltrate in the deep dermis.

H&E x 586.

Many leishmania are present.
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each experimental group, inoculated with
0.1 ml of normal spleen homogenate.

The animals were killed at 7, 15, 30, 45,
60. 75 and go days after infection. Frag-
ments from the hind footpads, spleen and
liver were fixed in buffered 10% formalin
solution, pH 7.2, and processed by usual
histopathological techniques and stained
with haematoxylin-eosin.

Imprints from liver and spleen were fixed
with methanol and stained by Giemsa’s
method.

Fragments from the hind footpads were
stained by the immunoenzymatic peroxi-
dase—antiperoxidase (PAP) method using
polyclonal anti-leishmania serum produced
in rabbit for the detection of parasite anti-
gens. The same fragments were also reacted
with anti-leishmania serum absorbed with a
pellet of both amastigotes and promastigotes
parasites to confirm the specificity of the
method (Sotto et al. 1989).
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Livers from experimentally infected hams-
ters were used as positive controls.

Results

Histopathological changes at the inoculation
site, hind footpads, on the 7th day were
characterized by a mild inflammatory infil-
trate of macrophages, plasma cells and lym-
phocytes and intra and extra-cellular para-
sites into the deep dermis (Fig. 1). From the
15th day there was spread of infection to the
muscular layer with many parasites. On the
3oth day there was a diffuse mononuclear
inflammatory infiltrate and an initial granu-
loma formation and reduction in the number
of parasites. At the 45th day the lesion was
characterized by well defined epithelioid gra-
nulomas, a few polymorphonuclear neutro-
phils among the macrophages and very few
remaining parasites (Fig. 2). At this time the
multinuclear giant cell cytoplasm contained

Fig. 2. Epithelioid granulomas near to a nerve. H&E x 293.
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round, lamellar, concentric and basophilic
structures known as Schaumann bodies (Fig.
3). Similar structures were also seen as small
aggregates within macrophages. This pat-
tern, seen at the 45th day, was also present
in the 60-, 75- and yo-day infection groups.

Visceral leishmania were demonstrated
45 days after infection. Amastigotes of L. (L.)
chagasi were found in the mononticlear
phagocytic system in the liver and spleen by
histopathological and imprint observations
(Fig. 4a, b).

Leishmania antigen was detected with
specific antibodies using the peroxidase-
antiperoxidase immunoenzymatic method
(PAP). Numerous amastigotes were identi-
fied after 7, 15, and 30 days infection but
were uncommon at later times after infec-
tion.

Non-particulate antigenic material was
also present in the cytoplasm of macro-
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phages and multinuclear giant cells within
granulomas (Fig. 5) after 45, 60, 75 and 9o
days of infection. The same antigenic mater-
ial was seen between the lamellae of the
Schaumann bodies within giant cell cyto-
plasm (Fig. 6a).

Fusiform subepidermal cells with non-
particulate antigenic material within the
cytoplasm were found 90 days after infection
(Fig. 6b).

The PAP reaction, using antiserum pre-
viously absorbed with parasites, did not
reveal leishmania antigen in any group.

Discussion

Inoculation of L. (L.) chagasi in the hind
footpads of hamsters produced an inflamma-
tory infiltrate, mainly mononuclear, rich in
parasites 7 and 15 days after infection.
Macrophages at the 30th day had a tendency

Fig. 3. Schaumann bodies within a multinuclear giant cell and in the centre of a small granuloma.

H&E x 586.
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T o

Fig. 6. Non-particulate antigenic material a, between the lamellae of Schaumann bodies (arrow) and b,
within the cytoplasm of a fusiform subepidermal cell (arrow). PAP x 586.

to develop a nodular arrangement, as if
trying to circumscribe the parasites, From
the 45th day onward, well defined epithe-
lioid granulomas were present, containing
giant cells with lamellated, concentric and
basophilic structures known as Schaumann
bodies (Williams 1960). When granuloma
formation was present, few parasites could
be detected by PAP but non-particulate
antigenic material was present within
macrophages, giant cells and between the
lamellae of the Schaumann bodies.

The Schaumann bodies were frequently
seen in hamster macrophages and are consi-
dered in these animals to be indicative of a
fragile mononuclear phagocytic system
(Dumont & Sheldon 1965). Schaumann
bodies originate from residual bodies, which
are end-products of activated lysosomes
(Williams & Williams 1968).

Granulomas observed at the 45th day of
infection were characterized by numerous

Schaumann bodies such as are seen in
experimental tuberculosis in the hamster
{(Dumont & Sheldon 1965). In this model,
these structures were observed around
mycobacteria or their antigens, which were
surrounded by activated macrophages
which help to confine the infection. In
experimental visceral leishmaniasis, there
was a comparable development of Schau-
mann bodies at the site of inoculation; at this
site the numbers of parasites decrease but
antigenic material persists in the macro-
phage cytoplasm as residual material which
is revealed by PAP staining.

Ridley and Ridley {1986) have already
suggested that granuloma formation with
macrophage activation is a mechanism for
lysis and destruction of the parasite.

The finding of degraded antigen within
macrophages and giant cells both in the
granuloma and in subepidermal fusiform
cells (Langerhans cells) at the goth day
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indicates the existence of a mechanism of
parasite killing and control of infection at the
inoculation site. However, degraded anti-
gens are not completely destroyed and will
persist for a long time at this site thus
providing a persistent stimulation for granu-
loma formation even after the parasite is
destroved. It also indicates that the dissemi-
nated parasites, found in viscera, must have
left the inoculation site before granuloma
formation, that is, the parasite could spread
only in the first 4 5 days of infection while the
defence mechanism was still non-specific. It
is not clear why granuloma formation takes
so much time to develop after infection of
Leishmania when after other infections, such
as tuberculosis, it takes only 2-3 weeks.
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SUMMARY

The immunopathogenic competences of Leishmania (V.)
braziliensis and L. (L.) amazonensis were reviewed in the
light of more recent features found in the clinical and
immunopathological spectrum of American cutaneous leish-
maniasis. It was shown a dichotomy in the interaction
between these Leishmania species and human T-cell immune
response; while L. (V.) braziliensis shows a clear tendency
to lead infection from the localized cutaneous leishmaniasis
(LCL), a moderate T-cell hypersensitivity form at the cen-
tre of the spectrum, toward to the mucocutaneous leishmani-
asis (MCL) at the T-cell hypersensitivity pole and with a
prominent Thl-type immune response, L. (L.) amazonensis
shows an opposite tendency, leading infection to the anergic
diffuse cutaneous leishmaniasis (ADCL) at the T-cell hypo-
sensitivity pole and with a marked Th2-type immune
response. Between the central LCL and the two polar MCL
and ADCL, the infection can present an intermediary form
known as borderline disseminated cutaneous leishmaniasis,
characterized by an incomplete inhibition of T-cell hypersen-
sitivity but with a evident supremacy of Thl over Th2
immune response (Thl > Th2). These are probably the
main immunopathogenic competences of L. (V.) braziliensis
and L. (L.) amazonensis regarding the immune response
dichotomy that modulates human infection outcome by these
Leishmania parasites.
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INTRODUCTION

The immunopathogenesis of American cutaneous leish-
maniasis (ACL) has been regarded one of most interesting
features concerning this parasitic protozoal disease in
viewing of the complex interaction process between the
variety of Leishmania species causing the disease and the
human immune response. Actually, there are, at least,
fourteen recognized Leishmania parasites within the sub-
genera Viannia and Leishmania which can give rise to clin-
ical ACL (1-3). Recently, following new findings on the
clinical and immunopathological spectrum of the disease
caused by Leishmania (V.) braziliensis and Leishmania (L.)
amazonensis there has been increased the interest on the
immunopathogenic competences of these two Leishmania
species; i.e. they are implicated not only with the localized
cutaneous leishmaniasis (LCL), the most common ACL
form placed at the centre of the clinical spectrum and
supported by a moderate T-cell hypersensitivity, but also
with the mucocutaneous leishmaniasis (MCL) and anergic
diffuse cutaneous leishmaniasis (ADCL), the more severe
ACL forms respectively. In this regard, while MCL repre-
sents the extreme expression of T-cell hypersensitivity
pole, linked to a strong species-specific T-cell immune
response against to L. (V) braziliensis (Figure 1), ADCL
means, in contrast, the extreme expression of T-cell hypo-
sensitivity pole, associated to a high Leishmania-specific
inhibition of T-cell response (4). Moreover, these Leish-
mania parasites can also induce an intermediary form
between the central LCL and the two polar MCL and
ADCL, the borderline disseminated cutaneous leishmania-
sis (BDCL), which is distinguished by a partial inhibition
of T-cell response (5). Furthermore, as BDCL can be
caused by parasites belong to both subgenus of Leish-
mania, Viannia and Leishmania, as well as there are some
clinical and immunological characteristics that differ
between Viannia and Leishmania cases, then BDCL can

423



F. T. Silveira et al.

Figure 1 A strong species-specific DTH skin reaction against to
homologous L. (V) braziliensis-antigen compared with a weak
reaction against to heterologous L. (L.) amazonensis-antigen in an
American mucocutaneous leishmaniasis (MCL) case from Para
state, Amazonian Brazil.

occupy the two places between the centre (LCL) and the
two polar forms (MCL and ADCL) in the clinical spec-
trum of disease (Figure 2).

Thus, taking these features into account we considered
of interest to review the immunopathogenic competences
(the ability of parasite to deviate T-cell immune response
from the LCL toward to one of the two polar forms,
MCL or ADCL) of L. (V) braziliensis and L. (L.) amazo-
nensis regarding the immune response dichotomy that

Subgenus Leishmania

Parasite Immunology

modulates the clinical and immunopathological spectrum
of disease, aiming to a better understanding on the
immunopathogenesis of MCL and ADCL, the more severe
ACL forms; this might help to prevent and/or to reduce
the morbidity of disease.

EVENTS WHICH PRECEDE ACL
MANIFESTATIONS

Before, however, the development of ACL manifestations
there is a series of events of crucial importance for Leish-
mania-infection successful; (i) events responsible for Leish-
mania-infection establishment (=Leishmania-macrophage
interaction or Leishmania-neutrophil-sand fly saliva-
macrophage interaction) and, (ii) events responsible for
infection outcome [=Leishmania-dendritic cells/Langer-
hans cells-T-cell interaction].

Leishmania-macrophage interaction or Leishmania-
neutrophil-sand fly saliva-macrophage interaction

Human infection by Leishmania species starts just follow-
ing the inoculation of promastigotes forms into the skin

Subgenus Viannia

L. (L.) mexicana DTH L. (V.) panamensis
L. (L.) amazonensis CDh4 <CD8 L. (V.) braziliensis
Thl>Th2
DTH™ + /\ + DTH++++
CD4 <CD8 » CD4>CD8
Thl <Th2 IFN-y +/++ IFN-y +/++ Thl >Th2
IL-4 + . IL-4 (<)
LC ++ 3 LC +
LCL
DTH- DTH-
CD4 <CD8 CD4 <CD8 oL
SEE Th1>Th2 Th1>Th2 Ny et
IFN-y + : — -4()
IL-4 ++++
LC++++ I ﬂ
BDCL BDCL
IEN-y ++ IFN-y ++
IL-4 ++ IL-4 +
LC +++ LC+

Figure 2 Clinical and immunopathological spectrum of American cutaneous leishmaniasis modulated by immunopathogenic competences
of Leishmania species within the subgenera Viannia and Leishmania, with emphasis to L. (V)) braziliensis and L. (L.) amazonensis respec-
tively. ADCL, anergic diffuse cutaneous leishmaniasis; nodular and infiltrated cutaneous lesions on the thorax, face and ears; LCL, local-
ized cutaneous leishmaniasis [£L. (L.) amazonensis]: ulcerated skin lesion with large infiltration at the edge; [+L. (V) braziliensis): ulcerated
skin lesion, exhibiting slight infiltration at the edge; MCL, mucocutaneous leishmaniasis; ulcer-infiltrated lesion of the nose, on the dorsal
face and into the mucosa of the nasal septum; BDCL, borderline disseminated cutaneous leishmaniasis [+ L. (L.) amazonensis]; infiltrated
skin lesion on the dorsal face of hand (primary lesion) and on the ears and frontal region of head (secondary lesions); [+L. (V)) brazilien-
sis]: papule-ulcerated skin lesions disseminated on the face, ears, trunk and arms. DTH, delayed type hypersensitivity; CD4 = CD4" T-cell;
CDS8 = CD8" T-cell; Thl = Thl-type immune response; Th2 = Th2-type immune response; IFN-y = gamma-interferon; 1L-4 =

interleukin-4; LC = Langerhans cell.

424

©

2009 Blackwell Publishing Ltd, Parasite Immunology, 31, 423-431



Volume 31, Number 8, August 2009

by the bite of naturally infected species of phlebotomine
sand flies (Diptera: Psychodidae) (6). After that, a para-
site escaping process in response to host defenses takes
place into the skin which, whether suppressed by the par-
asite, will result in its entry into a phagocyte cell, mainly
the macrophage or, as more recently evidenced, the neu-
trophil (7-9). Thus, in the case of the Leishmania-macro-
phage interaction model, it has been suggested that some
of inoculated promastigotes forms known as infective
metacyclic promastigotes forms (10) which were capable
of escaping from the complement-mediated lysis (11) are
directly phagocytosed by macrophage (12), in which the
promastigote forms will then transform in amastigotes
forms into the parasitophorous vacuoles of macrophage;
into this new microenvironment the amastigotes will now
multiply by binary fission. In the case, however, of the
Leishmania-neutrophil-sand fly saliva-macrophage inter-
action model, it has been evidenced, through the experi-
mental Leishmania major-infection in BS57BL/6 mice
following the sand fly vector (Phlebotomus duboscqi) or
needle inoculation of metacyclic promastigotes forms of
parasite, that the first cells coming to around of the
infection site are the neutrophils, which would function
as ‘Trojan horses’ or as a bridge between the parasite
and the final host cell, the macrophage. Thus, just after
the genetic-apoptosis death of infected-neutrophils (short-
lived cells), the released parasite-amastigotes forms are
prompted phagocytosed by macrophage cells. Following
this stage, the infection outcome will depend on (i) the
immune-genetic background, associated to the T-cell
immune response (13-16) and, principally, (ii) the anti-
gen-specificity of Leishmania sp., associated to its ability
to interact with the DCs, including the epidermal LCs
(17,18).

Leishmania-dendritic cells (Langerhans cells)-T-cell
interaction

Differently from the macrophages, which are the main
host cells for Leishmania replication, DCs represent a
mononuclear phagocyte cells group, derived from the bone
marrow, which are capable to phagocyte and transport
Leishmania-antigens toward to the closest draining lymph
node, where following a fast maturation phase, they pro-
cess and present parasite-antigens to naive T-cells (ThO)
which will then proliferate into the effectors CD4" (Thl
and Th2) T-cells. Thus, they are the major antigen-pre-
senting cells, MHCII*, with capacity to stimulate the
innate immune response and modulate the T-cell (adap-
tive) immune response (19,20). In this regard, DCs seem
to have a pivotal role in ACL immunopathogenesis once
they represent the vehicle which will provide the first con-

© 2009 Blackwell Publishing Ltd, Parasite Immunology, 31, 423-431
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tact of Leishmania-antigen with the T-cell immune
response, leading to a preferential stimulation of CD4"
T-cells (21,22). In the case of Thl-type stimulation, the
main produced cytokines (IL-2, IL-12, INF-y and TNF-o)
will promote macrophage activation and, consequently,
the elimination of the parasite. Nevertheless, in the case of
Th2-type stimulation, the major produced cytokines (IL-4,
IL-5, IL-10 and IL-13) will inhibit macrophage activation
and, then, contribute to the parasite survival (23,24).
Therefore, the macrophage activation will provide high
production of nitric oxide, which together with oxidative
stress, represents an important mechanism of parasite
elimination (25,26).

For some time, however, there was a controversy regard-
ing to which migratory DCs type is responsible for the ini-
tiation of a protective immune response in cutaneous
leishmaniasis. Thus, two DCs subsets have been the target
for this function, the CD11c*CD8o Langerin~ dermal DC
or CD11c*CD8a*Langerin® epidermal LC. With regards
to the epidermal LC, it has been postulated that it func-
tions primarily by monitoring the environment for candi-
date danger signals and capturing, processing and
translating them. When a certain threshold is reached, LC
becomes mature cell, acquiring the ability to migrate from
the epidermis to regional lymph nodes, where it is thought
to initiate adaptive immune response and stimulates T cells
(27,28). Recently, however, following studies on the role of
LC in the immunopathogenesis of experimental cutaneous
leishmaniasis in BALB/c mice infected with L. (L.) major,
it has been found that DC capable of stimulating antigen-
specific T-cell proliferation was Langerin-negative (LC is
Langerin-positive), thus, indicating that dermal DC is
really crucial for initiation of a specific T-cell response
(29), and not LC as it was prior postulated (27,28). Fur-
thermore, it was also demonstrated that contact hypersen-
sitivity was found exacerbated rather than abrogated in
mice presenting absence of LC, suggesting that as few as
LC at the infection site will help to develop a well-defined
hypersensitivity reaction (30). In addition, it was also evi-
denced that LC was able to process and present parasite-
antigen through the MHC class II receptor for CD4" T
cells, which might likely differentiate into regulatory T
cells (Treg cells), suggesting that LC would be responsible
for suppression of inflammatory events against L. (L.)
major infection in vivo (31). In conclusion, these studies
have suggested that LC represents, indeed, a Leishmania
evasion mechanism in order to avoid T-cell response and
induce immune suppression.

More recently, this Leishmania evasion mechanism cred-
ited to LC function was analysed within the clinical-immu-
nological ACL spectrum due to L. (V) braziliensis and
L. (L.) amazonensis, comparing LC epidermal density
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amongst the different clinical forms of disease. As a result,
it was evidenced a progressive increase in LC density from
the reactive (DTH"Y) LCL-central form caused by L. (V)
braziliensis toward to the nonreactive (DHT™) extreme
forms, BDCL and ADCL, caused by L. (L.) amazonensis.
Thus, these findings indicated a strong and species-specific
negative association between LC density and prior CD4"
and CD8" T-cell profiles (4); i.e. along the clinical-immu-
nological ACL spectrum linked to L. (L.) amazonensis it
seems that LC performs a pivotal role in modulating T-cell
immune suppression, from the nonreactive (DTH™) LCL
patients toward to the more immune suppressed (Th2-type
immune stimulation) BDCL and ADCL ones (18).

ACL MANIFESTATIONS WHICH ARE
MODULATED BY IMMUNOPATHOGENIC
COMPETENCES OF LEISHMANIA (V.)
BRAZILIENSIS AND L. (L.) AMAZONENSIS

As above cited, the ACL immunopathogenesis is strongly
influenced by the human immune-genetic profile and,
principally, by the antigen-specificity of Leishmania sp.,
which has been shown to be able to modulate the para-
site-DCs interactions with the T-cell immune response
(20); thus, as a result of the complex interaction process
between L. (V) braziliensis and L. (L.) amazonensis with
the T-cell immune mechanisms there will develop a clinical
and immunopathological spectrum of ACL manifestations
(Figure 2), as follows:

Clinical spectrum

Following infection by these Leishmania species, some nat-
urally resistant individuals (asymptomatic) presenting an
efficient innate immune response will emerge, along with
others showing different degrees of susceptibility to infec-
tion (symptomatic). Thus, depending upon the species of
infecting Leishmania and the infected individual’s T-cell
immune response, a spectrum of clinical forms of disease
develops: LCL, BDCL, MCL and ADCL (3.4).

However, it should be clear that this spectrum was not
based in a clinical classification alone, once these clinical
forms have also resulted from an immunological context
of infection due to Leishmania sp. and the human T-cell
immune response. In this way, at the centre of the clinical-
immunological spectrum, the LCL is the most frequent
form of ACL and may be caused by both leishmanial par-
asites. It consists of one or more ulcerated skin lesions
supported by an efficient T-cell immune response, which
generally favours a well response to traditional antimony
therapy (32). Moreover, in some L. (L.) amazonensis LCL
patients the clinical nature of their lesions may give a clue
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as to the causative parasite, namely the large infiltration at
the edge of lesions (4,5); this feature differs from that in
L. (V) braziliensis LCL patients, which present a slight
infiltration at the edge of lesions.

From the centre of ACL spectrum, some infections not
entirely under the control of T-cell immune mechanisms
may develop to one of the two polar forms of disease;
either to the T-cell hypersensitivity pole represented by
MCL, having L. (V) braziliensis and L. (V) panamensis as
the main causative agents, or to the T-cell hyposensitivity
pole consisting of ADCL, mainly caused by L. (L.) ama-
zonensis or L. (L.) mexicana in the New World (1,2). Until
now, it has been evidenced that this dichotomy of T-cell
response is highly influenced by Leishmania sp. which is
stimulating the host immune response; i.e. only infections
due to Viannia subgenus parasites, like L. (V) braziliensis
or L. (V) panamensis, are able to develop to the T-cell
hypersensitivity pole (MCL), whereas only infections due
to Leishmania subgenus parasites, like L. (L.) amazonensis
or L. (L.) mexicana, are able to develop to the T-cell hyp-
osensitivity pole (ADCL). Thus, these are then the major
immunopathogenic competences of the principal ACL
agents; while L. (V) braziliensis or L. (V)) panamensis
show clear tendency to lead infection to the T-cell hyper-
sensitivity pole strongly linked to Thl-type immune
response, L. (L.) amazonensis or L. (L.) mexicana show
the opposite, leading infection to the T-cell hyposensitivity
pole markedly associated with Th2-type immune response
(4,18). Therefore, while in MCL the necrosis of nasopha-
ryngeal mucosal tissues is strongly associated with high
serum production of IFN-y and TNF-a (33,34), in
ADCL the nodular skin lesions disseminated all over the
body are markedly linked to a high production of IL-4,
resulting in a very weak T-cell immune control of infec-
tion and a poor response to traditional antimony treat-
ment (35,36).

Between the central LCL and the two extreme patho-
genic poles MCL and ADCL, both Leishmania species
may cause an intermediary form known as BDCL, which
also presents certain clinical-specific differences: i.e. in
BDCL due to L. (V) braziliensis, the infection dissemina-
tion is relatively rapid, requiring only 2-3 months to pro-
duce around a hundred ulcerated skin lesions. In contrast,
in BDCL due to L. (L.) amazonensis, the infection dissem-
ination is slower, requiring 1-2 years to produce some 5—
10 infiltrated skin lesions. The term borderline was then
introduced to characterize clinical evidence of incomplete
T-cell immune suppression found in these patients, princi-
pally in those infected with L. (L.) amazonensis (DTH™)
who present greater inhibition of T-cell response than
those infected with L. (V) braziliensis (DTH'™) (5).
Despite this fact, sufficient observations have been

© 2009 Blackwell Publishing Ltd, Parasite Immunology, 31, 423-431



Volume 31, Number 8, August 2009

reported allowing conclusion that T-cell response func-
tions well enough to facilitate recovery of BDCL patients
following successful treatment with two to three LCL-ther-
apeutic antimony regimens (37-39).

Immunopathological spectrum

The ACL immunopathological response has mainly been
studied with basis on the CD4" and CD8" T-cell subsets
profiles and some cytokines produced by these cells in skin
and mucosal lesions of patients. A special interest has
been given to INF-y and IL-4 once it is believed that these
cytokines play a crucial role in determining either the
resistance (Thl-type immune response) or the susceptibil-
ity (Th2-type immune response) against to leishmanial
infection (40,41). More recently, however, it has also been
claimed attention to the role of Treg cells and their major
secreted cytokines, IL-10 and TGF-fB, in modulating the
T-cell immune response against Leishmania infection. Nev-
ertheless, there is until now only one study in Brazil (42)
which investigated the role of Treg cells in L. (V) brazilien-
sis-LCL cases, providing the conclusion that these cells
might contribute to the well-balanced T-cell immune
response found in these cases. Furthermore, considering
LCL as the most frequent ACL form (295%), it has been
evidenced a moderate T-cell hypersensitivity and a promi-
nent Thl-type immune response, which results in high pro-
duction of IFN-y in skin lesions with subsequent
macrophage activation and elimination of the parasite
(43,44). This T-cell mechanism has provided a high resis-
tance against infection and favourable result for antimony
therapy.

In addition, it has been shown that modulation of
T-cell immune response can be strongly influenced by the
infective Leishmania species. For instance, LCL patients
due to L. (V) braziliensis have revealed higher (P < 0-05)
DTH and lymphocyte proliferation reactivity than those
due to L. (L.) amazonensis. Moreover, most (>50%) LCL
patients due to L. (L.) amazonensis have not presented
DTH and lymphocyte proliferation reactivity, suggesting
that L. (L.) amazonensis has greater ability than has
L. (V) braziliensis to escape from the T-cell immune
response (45,46). Moreover, it has also been found by a
semi-quantitative reverse transcription-polymerase chain
reaction analysis a significant increase of IFN-y mRNA
expression in skin lesions of LCL patients due to L. (V)
braziliensis, whereas no expression for IL-4 mRNA was
evidenced in the same patients. In contrast, however, in
LCL patients due to L. (L.) amazonensis a significant
increase of IL-4 mRNA expression was shown, although
there was no evidenced a decrease of IFN-y mRNA
expression in the same patients, suggesting that IL-4
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expression might be down-regulating IFN-y activity and
then inhibiting T-cell hypersensitivity in these patients (4).
In this regard, it would be reasonable to speculate that,
unlike to L. (V) braziliensis-LCL patients, a higher con-
centration of Treg cells should exist in these L. (L.) ama-
zonensis-LCL cases, in which IL-10 might also be
corroborating to the inhibition of their T-cell hypersensi-
tivity. This mechanism has similarly been shown in the
experimental infection of CBA and BALB/c mice with
L. (L.) amazonensis respectively (47,48).

In MCL which is strongly associated to high hypersen-
sitivity and lymphocyte proliferation assays (45,46), the
CD4" T-cell subset profile from mucosal lesions of
patients has shown a higher predominance over the
CDS8" T-cell subset (49), which has also been found in
Amazonian Brazil, thus, suggesting that CD4" T-cell sub-
set plays a crucial role in MCL pathogenesis (4). There-
fore, it has also been found a higher CD4" T-cell profile
than those in the other ACL forms (LCL, BDCL and
ADCL), which justify the high levels of IFN-y and
TNF-o in this extreme hypersensitivity form. This
immune response profile has similarly been observed in
MCL from the north-eastern region of Brazil, principally
in Bahia state, where there has been found that CD4" T
cells represented the majority of IFN-y producing cells
than the counterpart CD8* T cells (50). Moreover, MCL
has been defined with a marked decreased production of
IL-10 and TGF-B and, conversely, with an increased of
IFN-y and TNF-o production (34), thus, suggesting a
discrete presence of Treg cells in the immunopathogenesis
of disease. However, a mixed Th1/Th2 immune response
profile has been found in MCL from Venezuela (43) and
the south-eastern region of Brazil (44), conflicting with
findings from Amazonian Brazil where a clear Thl-type
immune response has been evidenced; i.e. high levels of
IFN-y mRNA expression in mucosal lesions, contrasting
with no expression for IL-4 mRNA in the same samples
(4). Thus, it seems likely that exacerbation of T-cell
immune response in MCL might be the result of a long-
lasting immunopathogenic stimulus by L. (V)) braziliensis,
once the beginning of mucosal symptoms generally
appears following a 5-year period after the primary skin
lesion. This represents, without doubt, a relatively long
time for T-cell sensitization, resulting in high IFN-y and
TNF-a levels, which are considered the major cytokines
in the pathogenesis of MCL (15). However, it has recently
been evidenced that a host genetic factor, the IL-6-174
G/C promoter polymorphism, might also be influencing
the pathogenesis of MCL (16).

In ADCL, however, both DTH and lymphocyte prolif-
eration assays have always been negative, indicating a
strong T-cell immune response inhibition in this form,
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which has brought difficulty for the control of infection
(35,36). In according to this evidence, there have been
found the lowest densities of CD4" and CD8" T-cell sub-
sets in the cellular infiltration of skin lesions in ADCL
from Amazonian Brazil, as well as the lowest IFN-y
mRNA expression. In contrast, there has been found the
highest IL-4 mRNA expression in the same samples, indi-
cating that in ADCL there is a clear Th2-type immune
response, which justify the frequent recrudescence of dis-
case following conventional therapy (4,51). In addition,
regarding the high concentration of LC in ADCL (17)
and the ability of LC to process and present the parasite-
antigen through the MHC class II receptor for CD4*
T-cells with functional activity of Treg cells (31), it is pos-
sible to speculate on the existence of high IL-10 and TGF-
B levels in the cutaneous lesions of ADCL patients, which
might collaborate to the strong inhibition of their T-cell
immune response (52).

With regards to BDCL, it should be emphasized that
during the parasite dissemination, which means a critical
stage of infection, both DTH and lymphocyte prolifera-
tion assays have also been negative, reflecting some
degree of T-cell immune response inhibition in this ACL
form. However, this partial T-cell immune suppression
found in BDCL, principally in patients infected with
L. (L.) amazonensis whom present greater T-cell inhibi-
tion than those infected with L. (V)) braziliensis, has been
restored following successful treatment with two to three
LCL-therapeutic antimony regimens, which suggested an
evident supremacy of Thl over Th2 immune response

(5).

CONCLUDING REMARKS

Until recently, it was believed that host immune response
played alone the major factor influencing the human
leishmanial infection outcome (53-57). Actually, however,
there are some clear evidences on the contrary, princi-
pally those concerning the ACL pathogenesis, once a
number of Leishmania species have been shown to be
responsible for different clinical forms of disease in man
(2-4). In this respect, it should also be highlighted the
importance of the taxonomic classification of parasites
belong to the genus Leishmania (6) which, although has
mainly been based on the behaviour of parasites within
the alimentary tract of the phlebotomine sandfly vectors
(Diptera: Psychodidade), is now reflecting important dif-
ferences regarding the immunopathogenic competences of
Leishmania species between the Viannia and Leishmania
subgenera. For instance, all information considered in
this review represents unequivocal evidence on the role
of Leishmania species in determining the human infection
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outcome; i.e. it was strongly demonstrated the ability of
L. (V) braziliensis or L. (L.) amazonensis in directing the
immune response dichotomy of human infection by these
Leishmania parasites. Clearly, these considerations can
also be applied to other neotropical Leishmania species
closely related to the mentioned species; L. (V) panamen-
sis and L. (L.) mexicana, principally, in view of their
immunopathogenic competences to be similar to those of
L. (V) braziliensis and L. (L.) amazonensis, respectively
(58-61).

In addition, it was also showed that both parasites,
L. (V)) braziliensis and L. (L.) amazonensis, can induce a
wide spectrum of clinical and immunopathological mani-
festations which, as many will be better understood, will
be able to provide new perspectives for improving the dis-
ease treatment or a vaccine development. Thus, in spite of
ACL treatment has not been the priority in the present
review, it is obvious that a well-defined treatment for LCL
form, with a prior identification of Leishmania involved,
principally in the case of L. (V)) braziliensis or L. (L.) am-
azonensis, might be of major importance for preventing
future sequel related to these Leishmania infections. As it
was discussed, both species have demonstrated high capac-
ity of escaping from the T-cell immune response mecha-
nisms and then deviate infection to one of the two
clinical-immunological poles of the clinical spectrum; i.e.
L. (V) braziliensis is capable to direct infection to the
extreme T-cell hypersensitivity pole represented by MCL,
whereas L. (L.) amazonensis, in contrast, has the ability to
direct infection to the extreme T-cell hyposensitivity pole
consisted by ADCL. Thus, this deviation of T-cell immune
response by these Leishmania species can lead to deleteri-
ous effects on the human immune response, which may
result in a state of exacerbated hypersensitivity (MCL) by
L. (V) braziliensis or, in contrast, in high hyposensitivity
(ADCL) by L. (L.) amazonensis respectively. Unfortu-
nately, as a result of this T-cell immune response deviation
there are a number of MCL and ADCL patients which
have been developing for long-lasting time (some with
more than 20 years-period) without successful therapy
(Silveira, personal observation).

Regarding the above comments, it should be emphasized
that amongst more than thousand LCL patients due to
L. (V) braziliensis or L. (L.) amazonensis which have
received antimony therapy in the leishmaniasis programme
of Evandro Chagas Institute (Ministry of Health, Belém,
Para State, Brazil) neither MCL nor ADCL have ever
been developed following this antimony treatment (Silve-
ira, personal observation). Thus, this finding not only rep-
resents strong favourable evidence regarding the
immunopathogenic competences of Leishmania species
considered in this review, as well as reflects the importance
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of early LCL treatment in decreasing the prevalence
and/or morbidity of MCL and ADCL.

In conclusion, taken this information together it seems
important for a better understanding on the immuno-
pathogenic competences of L. (V) braziliensis and
L. (L.) amazonensis with their T-cell immune response
interactions, principally regarding the role of Leishmania-
DCs (dermal DCs and epidermal LCs) interactions with
the immune response dichotomy that modulates infection
outcome by these Leishmania parasites; i.e. while L. (V)
braziliensis-antigen shows high ability to interact with
DCs for modulating a preferential CD4" Thl-type
immune response (62-64), L. (L.) amazonensis-antigen, in
contrast, presents clear competence to interact with DCs
for modulating a prominent CD4" Th2-type immune
response (18,65,66). Thus, these are, likely, the main
immunopathogenic competences of these two Leishmania
species.
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O PAPEL DA SALIVA DE FLEBOTOMINEOS NA EXACERBACAO E

CONTROLE DA INFECCAO POR Leishmania.

RESUMO

A leishmaniose é uma enfermidade infecciosa causada por parasitos do género
Leishmania que s&o transmitidos por insetos vetores. A infeccdo no hospedeiro
vertebrado se estabelece no momento em que a fémea do flebotomineo infectada, ao
realizar o repasto sanguineo, regurgita na pele do mamifero as formas promastigotas
metaciclicas do parasito juntamente com parte do contetdo da glandula salivar do vetor.
Tem sido descrito que componentes do conteudo da saliva do vetor tem propriedades
imunomodulatérias facilitando o estabelecimento da infeccdo no hospedeiro. Por outro
lado, outros estudos mostram que a pré-sensibilizacdo do hospedeiro vertebrado com
saliva de flebotomineo leva a prote¢do da infeccdo por Leishmania. Esta revisdo teve
como principal objetivo, revisar o papel da saliva na evolucdo da infeccdo por

Leishmania, quer seja na exacerbagéo ou na protecéo.

Palavras-chaves: Leishmaniose, Leishmania, Phlebotomineo, Saliva.



THE ROLE OF PHLEBOTOMINE SALIVA ON THE ENHANCEMENT AND

CONTROL OF Leishmania INFECTION.

ABSTRACT

Leishmaniasis is an infectious infirmity caused by parasites of the genus Leishmania,
which are transmitted by sand fly vectors. Infection of the vertebrate host is established
when an infected female phlebotomine regurgitates the metacyclic promastigotes of the
parasite into the mammalian skin during blood feed, together with part of the vector
salivary gland contents. It has been reported that components of vector saliva content
possess immunomodulatory properties that facilitate the establishment of infection in
the host. On the other hand, other studies show that presensitization of the vertebrate
host to phlebotomine saliva leads to protect against Leishmania infection. The main aim
of this report was to review the role of saliva in the evolution of Leishmania infection,

with regard to exacerbation and protection.

Keywords: Leishmaniasis, Leishmania, Phlebotomine, Saliva.



INTRODUCTION

Leishmaniases are a group of noncontagious infectious diseases, with chronic
evolution, caused by different species of parasitic protozoans of the genus Leishmania.
Visceral leishmaniasis principally affects cells of the mononuclear phagocyte system of
the bone marrow, lymph nodes, spleen and liver'?. Cutaneous leishmaniasis is mainly
characterized by skin tissue compromise and secondarily, by mucosa tissue lesions,
depending on the parasite species and host immunogenetic factors®*.

Leishmaniases are amply distributed worldwide, occurring in numerous
countries in the Americas and Europe. The disease has also been reported in regions in
Africa, in Middle Eastern countries and China. In the Americas, leishmaniases are
widely distributed from southern United States, through Central America to northern
Argentina. In the American continent, Brazil represents the largest territorial extension
with endemic areas and one of the countries with the highest rates of notification for this
infection®.

In the Americas, leishmaniases are considered primary zoonoses of wild
mammals, such as rodents, marsupials, edentates and primates, among which different
species of Leishmania are transmitted by the bite of phlebotomine insect vectors.
Humans acquire the infection when they enter in contact with forest areas where the
wild enzootic cycle of different parasite species occurs. Thus, the disease assumes an
occupational character, occurring in professional categories that expose humans to
intimate contact with the forest. Moreover, in regions that undergo expressive
environmental changes, domestic animals can exert an important role in the biological
cycle of the parasites; as reservoirs that maintains the parasites in the natural
environment. In these regions, environmental changes also exert a major influence on

the biological behavior of species of phlebotomine vectors, as the most resistant species



are capable of adapting to the environmental transformations, establishing new
ecological niches for their survival in peridomestic settings’.

Leishmaniasis agents are protozoan parasites of different species belonging to
the genus Leishmania. Currently, approximately 30 Leishmania species are known
worldwide, of which 22 are considered agents of human leishmaniases. Species of the
genus Leishmania are classified into two subgenera according to the evolutionary
behavior of the parasite in the digestive tract of the phlebotomine vector: Viannia,
which develops from the posterior to the anterior midgut; and Leishmania, which
develops from the middle to the anterior midgut’. It should be noted that all the species
of the subgenus Viannia are autochthones of the Americas, while species of the
subgenus Leishmania are found in the Americas, Europe and Asia.

Infection of the vertebrate host is established when an infected phlebotomine
female regurgitates the metacyclic promastigotes of the parasite into the mammalian
skin during blood feeding, together with part of the vector salivary gland contents. At
this time, the current understanding is that the majority of the parasites are eliminated
by the lithic action of the complement system and by neutrophils and eosinophils
present in the host blood that flow to the site of the skin punctured by the vector
proboscis®. However, promastigote forms that escape the nonspecific host defense
mechanisms are phagocytized by skin macrophages, housed within the parasitophorous
vacuoles, where they transform into the amastigote forms. After successive binary
divisions, the mass of parasites provokes increased intracytoplasmic pressure inside the
macrophage, disrupting the host cell and the free amastigotes are phagocytized by other

macrophages, establishing the infectious cycle in the host’.



THE ROLE OF SALIVA ON THE EXACERBATION OF EXPERIMENTAL
Leishmania INFECTIONS

Not so far, hematophagous vectors were regarded as simple delivery tools of
pathogens they carry. However, they all share one important feature: during probing and
feeding, they salivate at the injured site facilitating blood sucking, and the establishment
of the infecting pathogen by the action of active components found in saliva®*®***2.

The first report concerning the effect of vector saliva on Leishmania infection
dates from 1988, when Titus & Ribeiro®® showed a markedly enhancement of the
cutaneous lesions and parasite load in mice infected with L. major in the presence of
salivary gland lysate (SGL) of Lutzomyia longipalpis compared to animals inoculated
only with parasites. Also, they further observed that infection could be established with
only 10 to 100 parasites using SGL in the inoculum. Together, these two studies
resulted in the establishment of experimental models of Leishmania infection under
closer conditions to the natural transmission.

Later studies showed that the effect of Lu. longipalpis SGL on the evolution of
experimental infection was not dependant on the mice lineage used, since both resistant
and susceptible mice to L. major produced larger lesions in the presence of saliva
compounds™®.

Other reports corroborated the effect of Lu. longipalpis SGL on the increased
severity of infections caused by L. major'®, as well as by other species of the parasite. L.
(V.) braziliensis, which produces spontaneously regressing lesions even in BALB/c
mice that are highly susceptible to other species of Leishmania, induced larger and
longer-lasting lesions with intense parasitism if co-injected with Lu. longipalpis
SGL'819 | esion severity and the number of parasites also increased in infections with

L. amazonensis>?%?,



One important issue was still required to be checked: the effect of saliva in the
natural vector/parasite combination. Only recently, Lu. longipalpis SGL was tested in L.
chagasi infections. Surprisingly, the addition of SGL in the inoculum did not alter the
evolution of infection in dogs, did not lead to early amastigote detection and did not
increase the parasite load in the organs compared to control animals®. Similar results
were obtained for experimental infection in hamsters®®. In another natural
vector/parasite combination, Lu. whitmani SGL promoted larger cutaneous lesions in
mice infected with L. braziliensis®*. Nonetheless, in vitro experiments showed that
pretreatment of human monocytes with Lu. intermedia SGL did not change the parasite
burden, as determined by the number of monocytes infected by L. braziliensis or by the
number of amastigotes per infected cell, compared to monocytes not exposed to SGL%.
However, it should be highlighted that the exacerbation of cutaneous lesions and
increased parasitism have been consistently verified in L. major infections in the
presence of SGL from Phlebotomus papatasi, the natural parasite vector in the Old
World™%,

As a whole, vector saliva is accepted as a crucial element for the establishment
of Leishmania sp based on evidences that it : a- minimizes host hemostatic processes by
vasodilatory and antiplatelet actions'®?”? b- modulates the host immune response, and
c- enhances parasite infectivity. Concerning this issue, Charlab and collaborators®®*°
verified cytostatic effect of Lu. longipalpis SGL on Leishmania, indicating a role in the
generation of infective parasites .

Regarding both the suppressive and immunogenic modulatory effects, in vitro
experiments show that mice macrophages pretreated with Lu. longipalpis SGL are
incapable of presenting antigens, which compromises the activation of specific T

lymphocytes, are refractory to IFN-y activation, and drastically reduce the production of



hydrogen peroxide and nitric oxide, the main molecules responsible for lysing the
parasite™**32,

Similar data have also been observed concerning SGL of Old World vectors, as
human mononuclear cells when exposed to P. papatasi SGL produce lower levels of
IFN-y and higher levels of IL-6%. Moreover, SGL of Phlebotomus duboscgi, the vector
of L. major in Kenya, is chemotatic for monocytes and this attraction could represent
one of the mechanisms by which the saliva ensures the successful parasitism of
macrophages in susceptible hosts®*.

The in vivo effects of Lu. longipalpis or P. papatasi SGL on the immune
response in experimental infections show a much more complex picture and
heterogenous results, which are dependent on the parasite species and the genetic
background of the animals used. Resistance of C57BL/6, CBA and C3H mice to L.
major infection is a result of the production of cytokines associated with Th1l, especially
IFN-y and TNF-a, while those associated with Th2, particularly IL-4, determine disease
progression in BALB/c mice®.

The presence of P. papatasi SGL in the L. major inoculum promotes increased
levels of IL-4, but not of IL-10 and TNF-a, and a reduction in IFN-y, IL-12 and nitric
oxide synthase production, a profile associated with the enhanced severity of cutaneous
lesions induced by saliva?®®. In contrast, Lu. longipalpis SGL determines increased IL-
10 production in BALB/c when inoculated with L. major®’.

Spontaneous control of experimental L. braziliensis infection is determined by
IFN-y and IL-12 generation and low production of 1L-4%%. Lu. longipalpis SGL
promotes an increase of two to three-fold more IL-4 levels in BALB/c infected with L.

braziliensis and lesions which persist for the lifetime of the mice™.



Infection with Leishmania amazonensis, on the other hand, causes progressive
cutaneous lesions in most inbred lineages of mice, with no evidence of a polarized
Th1/Th2 response as observed in that caused by L. major®’. Among others, IL-10, but
not IL-4, has an important role in compromising the host immune response*. Addition
of Lu. longipalpis SGL to the inoculum promotes a significant rise in IL-10 levels that
is associated with increased parasite infectivity and larger lesions®.

Questions have been raised regarding which saliva components could be related
to the effects above mentioned, since a complex network of biologically and
pharmacologically active molecules have been detected in the salivary secretion,
although investigations are still ongoing to better characterize these compounds (to
review see Kamhawi, 2000 and Andrade et al., 2007)***®. The most studied saliva is
that of Lu. longipalpis whose principal component is maxadilan (MAX), a potent
vasodilator that also modulates cytokines production of human and mice macrophages
by up-regulating those associated with Th2, (IL-10, IL-6 and TGF-B) and down-
regulating cytokines associated with Thl (IL-12 and TNF-a) and nitric oxide
production®**. As a consequence, the parasite load of peritoneal macrophages of mice
infected with L. major is drastically increased in the presence of MAX*. In vivo
experiments show that MAX can also exacerbate infection with L. major to the same

d™®*: nonetheless, another study reports dissociation

degree as whole salivary glan
between the vasodilator effect of MAX and lesion enhancement in infections caused by
L. major or L. braziliensis*.

Maxadilan has not been identified in the saliva of other phlebotomines. However,
other components as adenosine and its precursor 5’-AMP are detected in P. papatasi

saliva® and both present vasodilatory and antiplatelet-aggregation properties. In

addition, they enhance the production of Th2 cytokines (IL-10, IL-6), but down-regulate



those of Thi (IL-2 and IFN-y) and nitric oxide synthesis*’*®. Adenosine and AMP have
also been detected in Lu. Longipalpis, but their in vivo effects on Leishmania infection
have not been performed yet.

Currently, the mechanisms by which salivary compounds act and which of them
are involved in the modulation of host response and on parasite survival remain an
unsolved question. Given the complexity of these molecules and their possible
interactions, it seems unlikely that full comprehension of these mechanisms will be
elucidated soon.

Despite the fact that the parasites are transmitted exclusively by sand flies, the
establishment of infection in experimental models via sand fly bites is unusual and the
scarce reports in literature have not addressed the host response to infective bites**™°.
However, Kamhawi and collaborators® recently described a murine model of L. major
infection transmitted by laboratory-reared P. papatasi that made it possible to compare
the effects of real sand fly saliva with salivary glands used in all experiments
concerning saliva effects. Surprisingly, the infection of C57BL/6 mice transmitted by
vector bites always resolved over time, similarly to mice inoculated with parasite alone
and in strong contrast to the results obtained when SGL is inoculated together with L.
major®®. In addition, the bites of infected P. papatasi did not elicit a potent IL-4
response at the inoculation site observed in studies involving needle inoculation of SGL,
which was again more comparable to the inoculation with only parasites®®. These data
highlight a probable bias when using salivary glands instead of real saliva.

To the best of our knowledge, all experiments concerning vector saliva effects
were performed with lab-colonized sand flies, which raised the question of whether
SGL from lab-colonized vectors and that from sand flies recently captured in the field

could exert different effects on host and parasite survival. Our first study using SDS-



PAGE gel electrophoresis indicated diversity in the expression and concentration of
proteins between Lu. longipalpis SGL from these distinct sources, which prompted us to
investigate their effects on Leishmania infection. We verified that wild-caught Lu.
longipalpis SGL induced smaller sized lesions and lower tissue parasitism, less
inflammatory cells at the inoculation site and lower production of cytokines associated
with a susceptible response, compared to that obtained from laboratory-reared vectors™.
The results address another probable bias caused by the use of SGL from lab-colonized

sand flies instead of wild-caught vector SGL in experiments concerning saliva effects.

THE ROLE OF SALIVA IN PROTECTION FROM INFECTIONS BY
Leishmania

Recent studies have shown that components of insect vector saliva could be
candidates for vaccines against leishmaniases®****°, Belkaid and collaborators® were
the first group to demonstrate that preexposure to the saliva could result in protection. In
their work, the exacerbation effect of infection by L. major in mice in the presence of P.
papatasi SGL was abolished when the mice were preexposed to vector saliva. In
experiments involving the transmission of L. major by P. papatasi bite, observation
determined a significant reduction in pathology in mice previously exposed to
uninfected phlebotomine bite and in the transmission of parasites by other
phlebotomines®’. The protection conferred by presensitization with vector saliva appears
to be associated with the delayed hypersensitivity (DTH) response, since inhabitants
from endemic areas exhibit a strong DTH response to vector bites***°. This diverse and
intense dermatological reaction has also been observed in volunteers exposed several

times to Lu. Longipalpis vector bites®”. In mice preexposed to SGL, protection is also



associated with reactive antibody generation that neutralizes the enhancing effect of the
saliva in Leishmania infections®®.

Studies in endemic areas suggest that natural exposure to uninfected
phlebotomine bite could influence the epidemiology of the disease. In residents from an
endemic area for visceral leishmaniasis, the presence of class 1gG antibodies against the
saliva of Lu. Longipalpis was detected®®. High levels of IgG1, 1gG4 and IgE were
detected in the sera of volunteers exposed to Lu. Longipalpis bites®’. Simultaneous to
the development of humoral immune response to saliva, immunity mediated by cells
against Leishmania is also observed in residents from endemic areas®. Individual
response to phlebotomine saliva can vary depending on genetic factors. In this way,
individuals that develop positive DTH for Leishmania antigens together with anti-saliva
IgG antibodies could be protected against visceral leishmaniasis; whereas individuals
showing low anti-saliva antibody titers and negative DTH would not be®.

The protective response triggered by components of insect vector saliva appears
to be parasite/vector specific, since the exposure of BALB/c mice to bites from Old
World vectors P. papatasi and P. sergenti and New World vector Lu. longipalpis, led to
the production of specific antibodies against the different saliva sources used. Moreover,
challenge with an infection specific to the New World, L. amazonensis, led to partial
protection of mice preexposed to Lu. longipalpis bites and the absence of protection for
the other two phlebotomine species used®’.

A recent study showed that the immunization of hamsters with Lu. longipalpis
salivary protein conferred protection against the fatal evolution of experimental visceral
leishmaniasis, such that the low parasite load was correlated with an increase in the
IFN-y/TGF-B ratio and an increase in iINOS expression in the spleen and liver; thus

reinforcing the concept of using phlebotomine saliva components in vaccine strategies®.



In contrast, immunization of BALB/c mice with Lu. intermedia salivary gland
sonicate followed by challenge with an inoculum containing L. braziliensis
promastigotes or L. braziliensis with added Lu. intermedia salivary gland sonicate, did
not lead to protection, rather to a prolonged infection evolution®. Immunization with Lu.
longipalpis followed by the same challenge, showed infection evolution similar to
controls, with increase in lesion size up to six weeks postinfection, followed by
spontaneous cure around 10 weeks postinfection. Besides vector/parasite specificity in
the development of an effective immunity against leishmaniasis, the different proteins
that exist in phlebotomine saliva must also be considered, since distinct proteins, such
as PpSP15 and PpSP44 from P. papatasi, induce different immunological profiles that

are correlated with resistance and susceptibility, respectively®.

CONCLUDING REMARKS:

e Insect vector saliva contains pharmacologically active components that block
vertebrate host hemostatic processes, facilitating blood feeding and the
establishment of Leishmania infection.

e Extracts or lysates of Lu. longipalpis salivary gland lead to the exacerbation of
infection caused by different Leishmania species in different mice strains.

e Insect vector saliva plays a crucial role in establishing infection by helping the
generation of infective metacyclic promastigote forms in the vector gut and by
modulating the host immune response, compromising the presentation of
antigens by macrophages, as well as by down-regulating Th1 and up-regulating
Th2 responses.

e Regarding parasite/vector specificity, P. papatasi salivary gland extract

promotes the exacerbation of infection by L. major; whereas Lu. longipalpis and



Lu. intermedia salivary gland extracts do not lead to the exacerbation of
infection by L. (L.) chagasi and L. (V.) braziliensis, respectively.

Leishmania infection in the presence of wild-captured Lu. longipalpis salivary
gland extract induces smaller sized lesions, less inflammatory response in the
skin lesion site and lower levels of cytokines associated with susceptibility
compared to infection in the presence of lab-colonized vector salivary gland
extract.

Presensitization of vertebrate host with salivary gland extract or by vector bite
protects the host against infection caused by coinoculation of parasites and
vector saliva. Such protection is related to delayed hypersensitivity response and
appears to be species-specific, although contradictory results can be found in the
literature.

Different proteic fractions of vector saliva used in host presensitization may or

may not induce protection.

Taking all together, discrepancies were verified while comparing the available data

regarding the effects of vector saliva, which clearly demonstrate the need for further

studies to fully understand the high complexity of the vector- parasite- host interactions

and the need to carefully investigate the role of saliva in the context of actual

transmission in nature.
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ABSTRACT

In order to compare the saliva effect from wild-caught and lab-reared L. longipalpis on the development of
experimental cutaneous leishmaniasis, C57BL/6 mice were inoculated subcutaneously into the hind footpads
with promastigotes of L. (L.) amazonensis plus salivary gland lysate from wild-caught (SGL-W) and lab-
colonized (SGL-C) vectors. Lesion sizes were significantly larger in the mice infected with both saliva compared
to mice infected with parasites alone; moreover, the lesions caused by parasite + SGL-C were significantly
larger than the lesions caused by parasite + SGL-W. Histopathological morphometric studies regarding the
acute phase of infections showed lower numbers of polymorphonuclear cells, greater numbers of mononuclear
cells and parasites in SGL-C infected mice compared to SGL-W infected mice. In the chronic phase of infection,
the number of mononuclear cells was lower and the number of parasites was greater in SGL-C infected mice
than SGL-W infected mice. In vitro studies showed increased infection index of macrophages infected with
parasites plus saliva compared to infection with parasites alone, with no difference between the saliva infection
indices. SDS-PAGE gel for SGL-C and SGL-W showed differences in the composition and quantity of protein
bands, determined by densitometry. These results call attention to the experimental saliva model, which shows

exacerbation of infection caused by sandfly saliva.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Leishmaniasis is an important tropical disease transmitted by sand-
flies. The parasites are transmitted by the female vector bite during blood
feeding on the vertebrate host, which includes humans. Sandfly vector
saliva plays an important role in Leishmania transmission [1,2]. The
capacity of vector saliva to increase Leishmania infectivity is restricted
to sandfly saliva since the saliva obtained from other bloodsucking
arthropods cannot mediate the same phenomenon under experimental
conditions [3,4]. Saliva of L. longipalpis and P. papatasi, the two most
widely colonized sandflies and vectors of Leishmania in the New and Old
World, respectively, is known to possess immunomodulatory activities
[5,6].

The increase in Leishmania infectivity coinoculated with saliva
has been demonstrated using inbred mouse models infected with
L. major [3], L. braziliensis [7] and L. amazonesis [8]. Both parasite- and
sandfly-derived factors contribute to the increase in infectivity [9]. Lesion
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sizes and parasite numbers dramatically increase when salivary gland
lysate of L. longipalpis is added to the inoculum [3]. Increased infectivity
has also been shown in susceptible and resistant mice inoculated with L.
major in the presence P. papatasi saliva [10,11]. Sandfly saliva also has the
capacity to inhibit macrophage activities during parasite antigen
presentation to T lymphocytes [12]. Moreover, P. papatasi saliva is che-
motactic to mouse peritoneal macrophages [13,14]. During natural
infections, this activity could be one of the mechanisms that assist para-
site phagocytosis by host macrophages, reducing extracellular parasite
exposure to natural immunity components in the inoculation site.

In addition to the exacerbation effect of sandfly saliva in naive
mice, protection against L. major infection has been shown in mouse
models when they are preexposed to noninfected sandfly bites, or
preimmunized with saliva [10,15]. Host antibody responses to sandfly
saliva are potential markers of the risk of Leishmania transmission in
endemic areas [16-18]. Furthermore, salivary gland proteins or their
cDNAs are also being considered as viable vaccine targets against
leishmaniasis [19-21].

All the reports concerning the effects of saliva exacerbation or
protection against Leishmania infection have been developed using
saliva from lab-colonized vectors, likely due to the difficulty of working
with wild-caught sandflies. To this date, no consideration has been given
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to the fact that individuals at risk of exposure to Leishmania-harboring
sandflies are actually bitten by wild sandfly vectors originating from
their endemic areas. Thus, the main objective of this study was to
compare the effect of saliva from wild-caught and lab-colonized vectors
on the development of cutaneous leishmaniasis.

2. Materials and methods
2.1. Mice

Female C57BL/6 mice 6 to 8 weeks-old from the General Colony
of Sdo Paulo University Medical School were kept in our laboratory
during the experiments, according to the methods approved by the
Animal Care and Use Committee of Sdo Paulo Medical School.

2.2. Parasites

Leishmania (Leishmania) amazonensis, MHOM/BR/73/M2269 strain,
recently recovered from chronically infected BALB/c mice were
cultivated as promastigotes in supplemented RPMI 1640 medium (10%
fetal calf serum, 5 mM HEPES, 50 pg/ml gentamicin and 100 U/ml
penicillin). Stationary-phase promastigotes were harvested and washed
three times in sterile PBS for use.

2.3. Sandflies

Wild-caught and lab-colonized L. longipalpis sandflies were used.
The wild-caught sandflies were collected in Lapinha Cave located in
Minas Gerais State, Brazil (longitude 43°57'W and latitude 19°03’S)
over a period of 3 days, although those caught in the first collection
were not used in order to work with newly released sandflies of
similar age. These sandflies were maintained in the insectary for two
days until the time of the experiments. The wild-caught sandflies
were checked for the absence of blood meal in their guts and egg
development in their ovaries in order to confirm that they had no
previous blood intake. The lab-colonized sandflies were from a
colony initiated with insects collected in the same place and they
were reared at least for ten generations before being used in the
experiments. Three to five day-old sandfly females from the colony
were used in the experiments and were considered of similar age
to the wild-caught sandflies. All the sandflies received 5% sugar
solution ad libitum until the time of the experiments. They were
maintained in the insectary of the Laboratory of Medical Entomology
at Institute René Rachou (FIOCRUZ-MG) according to the conditions
described by Killick-Kendrick et al. [22].

2.4. Salivary gland lysates

Salivary gland lysates were obtained from wild-caught (SGL-W)
and lab-colonized (SGL-C) sandfly females. At the moment of the
dissection, all the sandfly midguts were verified regarding the absence
of blood meal. The dissected salivary glands were collected in phos-
phate buffered saline (PBS), pH 7.2, and stored at — 70 °C. At the time
of the experiments, the salivary glands were disrupted by freeze-
thawing, vortex and rapid centrifugation to discharge possible tissues.
Half of a pair of salivary glands was used for each inoculation point for
both SGL-C and SGL-W.

2.5. SDS-PAGE of salivary gland lysates

SDS-PAGE gel electrophoresis was used to separate and character-
ize the molecular weights of the SGL-C and SGL-W proteins. After
determining the protein concentrations by the Lowry method, 10 pg of
the total protein was applied in each line in 12% acrylamide gel under
denaturing conditions. Molecular weight standards from 205 kDa to
29 kDa (Sigma Chemical Co. USA) were used. After electrophoresis,

the gel was stained with silver nitrate. Densitometric analysis of band
intensity for all visible bands was measured by the Eagle Eye gel
documentation system (Stratagene, USA).

2.6. Effect of SGL on ex vivo Leishmania-infected macrophages

Mouse resident peritoneal macrophages (1x10°) were allowed
to attach to sterile round coverslips (13 mm) and were then placed in
24-well plates in complete RPMI medium. Stationary-phase L. (L.)
amazonensis promastigotes were added to the macrophage mono-
layers (5:1) in the presence and absence of half of a pair of salivary
glands, for both SGL-C and SGL-W. The cultures were maintained in
a 5% CO, incubator at 35 °C and the infection index was evaluated
24 h after the interaction. The infection index (percentage of infected
macrophages x average number of amastigotes per macrophage) was
determined in the coverslips stained by Giemsa under bright-field
illumination using immersion objective lens.

2.7. Effect of SGL on in vivo Leishmania-infected mice

2.7.1. Mouse infection

Promastigotes (1x 108 in 50 pl) with or without SGLs were inoc-
ulated subcutaneously into one of the mouse hind footpads, using
a total of three experimental groups of mice infected as follows:
parasites (P group), SGL-W plus parasites (SGL-W +P group) and
SGL-C plus parasites (SGL-C+ P group). The control groups were mice
inoculated with PBS, SGL-W and SGL-C.

2.7.2. Lesion measurement

The hind-footpad swelling in each infected mouse was monitored
weekly by measuring the thickness of infected footpad with a metric
caliper and subtracting the thickness of the noninfected, contra-lateral
footpad.

2.7.3. Histopathological study

Five mice from each experimental group were euthanized at 3, 24,
72 h, 7 and 60 days postinfection. Hind-footpad fragments were
collected and fixed in 10% formaldehyde solution in PBS and routinely
processed for paraffin embedding. The sections were stained with
hematoxylin-eosin for analysis by light microscopy.

2.7.4. Quantitative morphometric analysis

Morphometric analysis was performed on three different levels
of skin section per mouse using an eyepiece graticule in an area
of 0.01 mm? adapted to an Olympus planapochromatic immersion
objective lens (100x). Three types of analysis were performed: quan-
tification of cell types, polymorphonuclear (PMN) and mononuclear
(MONO), by counting 900 cells, where each cell type constituted of at
least 10% of the total, in order to keep the relative standard error below
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Fig. 1. Infection index of macrophages infected with Leishmania parasites (P group),
SGL-W plus parasites (SGL-W + P group) and SGL-C plus parasites (SGL-C + P group).
(*) p<0.05 between P and W-SGH + P and C-SGH + P. Data are from one representative
experiment performed in triplicate.
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Fig. 2. Evolution of lesion size (mm) produced in mouse hind footpads infected with
parasites plus lab-colonized (SGL-C +P) and wild-caught (SGL-W + P) salivary gland
homogenates and parasites alone (P) and their respective controls (SGL-C, SGL-W and
PBS). (*) p<0.05 between P and SGL-W + P or SGL-C+ P and (*) p<0.05 between SGL-
W + P and SGL-C + P. Data are from one representative experiment showing the mean
and standard deviation of 5 mice per group.

0.1% [23]; quantification of parasitized cells and the infection index
(percentage of infected macrophages x average number of amasti-
gotes per macrophage) in the chronic phase of the infection.

2.8. Statistical analysis

The SigmaStat 2.0 (1997) computer program was used to ana-
lyze each event in block. The difference between the groups was
evaluated by the paired t test method, considering p<0.05 as statis-
tically significant.

3. Results
3.1. Effect of SGL on ex vivo Leishmania-infected macrophages

The infection index of the macrophages infected with promastigotes
together with either SGL-C or SGL-W showed a significant increase
when compared to the control group (P), in which the saliva lysates
were not added. However, no significant difference was observed
between macrophages infected in the presence of SGL-C or SGL-W
(Fig. 1).

3.2. Effect of SGL on in vivo Leishmania-infected mice

3.2.1. Hind-footpad lesion size evolution

No significant difference in lesion sizes occurred between the
experimental infected groups during the first two weeks of infection.
However, from week 3 up to week 8, the end of the observational
period, lesion sizes progressively increased and differentiated in all

b2 Ot e e B ©

Fig. 3. Histological sections of chronic phase infection (day 60 postinfection) in mouse hind footpads infected with parasites plus lab-colonized (SGL-C+ P) (A and B) and wild-
caught (SGL-W + P) (C and D) salivary gland homogenates and parasites alone (P) (E and F) (HE staining). Large magnification views showing that SGL-C + P (B) is characterized by
the presence of heavily parasitized large vacuolated macrophages (arrows), distinct from the SGL-W + P (D) and P (F) groups that show less infected macrophages (arrows), together

with nodular macrophages mononuclear infiltrates and focal areas of necrosis (A, C and E).
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the infected groups. By week 3, two groups, those inoculated with
saliva plus parasites (SGL-W +P and SGL-C+P groups), exhibited
large lesion sizes (p<0.05) compared with the control group inoc-
ulated with only parasites (P group). However, from week 4 onwards,
lesion sizes of the infected mice from the SGL-C + P group were larger
than those from the SGL-W + P group (p<0.05). At the end of ex-
perimental observation, mice from the SGL-C+ P group presented
lesions twice the size of the SGL-W + P group and three times larger
than the P group. Mice from the noninfected control groups presented
no hind-footpad swellings during the period of this study (Fig. 2).

3.2.2. Histopathology of skin lesions

At the onset of infection, the histopathological analysis of the three
infected groups showed similar cellular types in the inflammatory
infiltrate. The samples collected at 3 and 24 h exhibited intense
exudation of PMN leucocytes with moderate presence of parasites.
The biopsies examined at 72 h presented MONO and PMN cells in
similar ratios, characterizing a mixed infiltrate with few parasites.
However, by day 7 of infection, the MONO cells were predominant in
the inflammatory sites of all groups, observed in greater numbers in
the SGL-C+P group, and showing greater tissue parasitism (data
not shown). During the chronic phase of the infection (day 60), the
inflammatory infiltrates were characterized mainly by mononuclear
cells with intracellular parasites inside the macrophages in all three
infected groups (Fig. 3). However, the SGL-C+P group was char-
acterized by the presence of heavily parasitized large vacuolated
macrophages, distinct from the SGL-W+P and P groups, which
showed fewer infected macrophages, together with nodular mono-
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nuclear infiltrates and focal areas of necrosis (Fig. 3). The noninfected
control groups exhibited no inflammatory reaction (not shown).

3.2.3. Quantitative morphometric analysis

Significant differences occurred in the inflammatory response dy-
namics between the three experimental infected groups.

At the onset of observation, 3 h after infection, the inflammatory
focus of all the infected groups contained large quantities of PMN
cells that decreased gradually over time. Comparatively, the SGL-C 4P
group showed the lowest number of PMN cells at all the periods
observed. The inflammatory foci of the SGL-W + P and P groups were
similar, except at 24 h, when the former contained a lower number of
PMN cells (Fig. 4A). In contrast to PMN cells, the inflammatory foci of
all the infected groups contained small quantities of MONO cells that
gradually increased according to the time of infection (Fig. 4B).
Typically, the SGL-C+ P group showed the greatest number of MONO
cells at all the observation periods. Considering the two other groups,
the SGL-W + P group presented with lower numbers of MONO cells
than the P group, but only for the periods 24 and 72 h. In all infected
groups, the inflammatory infiltrates contained infected PMN and
MONO cells. The kinetics of PMN infection was similar between the
groups, except at 3 h, when the SGL-C+P exhibited the lowest
number (Fig. 4C). Significantly, the SGL-C+P group contained the
greatest number of MONO cells with intracellular parasites, which
increased over time (Fig. 4D). By the chronic phase, day 60 of the
infection, few PMN cells and large quantities of MONO cells were
observed in the inflammatory focus in all the infected groups. The
highest number of cells, for PMN or MONO, was observed in infected
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Fig. 4. Morphometric quantitative analysis of the acute inflammatory reaction produced in mouse hind footpads infected with parasite (P) alone and with wild-caught (SGL-W + P)
and lab-colonized (SGL-C+ P) L. longipalpis salivary gland lysate, showing the number of polymorphonuclear cells (A), mononuclear cells (B), infected polymorphonuclear cells
containing intracellular parasites (C) and infected mononuclear cells (D) per area of 1 mm?. (*) p<0.05 between P and SGL-W + P or SGL-C + P and (*) p<0.05 between SGL-W + P
and SGL-C + P. Data are from one representative experiment showing the mean and standard deviation of 5 mice per group.
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Fig. 5. Morphometric quantitative analysis of the chronic inflammatory reaction produced
in mouse hind footpads infected with parasite (P) alone and with wild-caught (SGL-W + P)
and lab-colonized (SGL-C+ P) L. longipalpis salivary gland lysate at day 60 postinfection,
showing the number of polymorphonuclear cells (PMN) and mononuclear cells (MONO)
per area of 1 mm? (A); and the infection index of mononuclear cells in cutaneous lesions of
mice infected with parasite (P) alone and with parasite plus wild-caught (SGL-W + P) and
lab-colonized (SGL-C + P) L. longopalpis salivary gland (B). (*) p<0.05 between P and SGL-
W +P or SGL-C+P and (*) p<0.05 between SGL-W + P and SGL-C+ P. Data are from one
representative experiment showing the mean and standard deviation of 5 mice per group.

mice from the P group, followed by SGL-W +P and SGL-C+P
(Fig. 5A). However, the infection index, which reflects the percentage
of infected macrophage and the number of parasites present in the
lesions, was higher in SGL-C+ P than in SGL-W + P and both these
groups presented a higher index than mice inoculated with parasites
alone (Fig. 5B). The control groups were not analyzed since they
showed no histopathological changes.

3.3. Protein analysis profile of the SGLs

The SDS-PAGE silver stained gel of SGL-C and SGL-W showed dif-
ferences in the composition and quantity of protein bands, as deter-
mined by densitometry with the Eagle eye system (Fig. 6). Even so
proteins below 24 kDa had not been observed neither in SGL-C nor SGL-
W, SGL-C showed a higher number of protein bands between 27 kDa
and 36 kDa that were not expressed in SGL-W. The 99 kDa protein
band was over expressed in SGL-C and the 32 kDa protein band was
the only one expressed in large quantities by SGL-W when comparing
the two saliva homogenates.

4. Discussion

All published reports concerning the effects of vector saliva ex-
acerbation or protection against Leishmania infection have been

developed using saliva from lab-colonized vectors. In fact, these
studies, developed with either Lutzomyia or Phlebotomus sandfly vec-
tors, from the New or Old World, respectively, demonstrated that the
saliva from these two sandfly genera presents immunomodulatory
effects against the host immune response, thus causing exacerbation
of the infection [10,12,24-26]. However, the present study, using a
methodology similar to described by other authors while testing and
comparing the effects of saliva lysates from lab-reared and wild-caught
sandflies, showed significant differences in the exacerbation effect.

In this study, mice were coinoculated with salivary gland lysate
(SGL) of L. longipalpis. Although unnatural, the sandfly-Leishmania
combination used has long been accepted for such studies [8,24], since
it is hard and laborious to rear L. flaviscutellata, the natural vector for
the parasite. Moreover, the main aim of this study was to compare
wild-caught and laboratory-colonized sandflies using the same
protocol and the same saliva source, from L. longipalpis, as used in
other studies. It is known that L. longipalpis is a natural vector of L. (L.)
chagasi, which causes visceral leishmaniasis, a different pathology
than that seen in L. (L.) amazonensis infection; and the lack of studies
involving this vector-parasite pair shows that the role of the saliva still
requires improvement in the visceral leishmaniasis model. The
present results demonstrated that L. longipalpis saliva from either
SGL-W or SGL-C similarly exacerbated the lesion sizes of infected mice
during the onset of infection, up to week three of infection. However,
the experiments revealed that after week four, the exacerbation effect
progressed distinctly in mice coinoculated with SGL-C. At the end of
the observational period, week eight, the infected mice presented
lesion sizes twice those of mice coinoculated with SGL-W and three
times larger compared with mice only infected with parasites with-
out added saliva. These data clearly indicated that the saliva collected
from lab-colonized sandflies presents a much stronger exacerbation
effect in Leishmania-infected mice than the saliva obtained from wild-
caught sandflies.

Histopathology and quantitative morphometric analysis also showed
differences in the dynamics of the inflammatory process in the cu-
taneous lesions between Leishmania mice coinoculated with SGL-W or
SGL-C. It is well known that during the first few hours after Leishmania
inoculation a leukocyte afflux occurs, with a predominance of PMN
cells, mainly neutrophils, in several distinct models. However, once the
infection is established, MONO cells move en masse to the infected areas
and neutrophil inflammation diminishes gradually [27]. This fact results
in established mononuclear infiltrates in the skin lesions by day 7 after
parasite inoculation [23]. The presence of MONO cells assists in es-
tablishing the infection as they are the host cells for the development of
Leishmania [28,29], distinct from PMN cells, which can kill the parasites
by an effective oxidative burst killing mechanism [27,30].

As previously described by other authors [8], inflammatory dy-
namics were modified by the inclusion of saliva (SGL-C) in the initial
inoculum, showing fewer PMN cells and greater numbers of MONO
cells in the lesions compared to infected mice only inoculated with
parasites without saliva. The immunomodulatory effects of saliva are
well documented [31]. Clearly, saliva from lab-colonized L. longipalpis
and P. papatasi sandflies possesses chemotactic factors for macro-
phages resulting in increased parasite uptake by the cells [13,14].
Moreover, sandfly saliva has the capacity to inhibit the presentation
of parasite antigens by macrophages to specific T lymphocytes [12]
and facilitates the parasite evasion of the host immune response
system by modulating IL-10 production [8].

In contrast to previous works, the present results suggest that saliva
from wild-caught sandflies does not possess the chemotactic factors
verified in the saliva from lab-colonized sandflies, since the number of
MONO cells in lesions was similar to the mice inoculated with parasites
without saliva during the acute phase of the infection. Moreover, in the
chronic phase, the lab-colonized saliva resulted in the presence of
heavily parasitized large vacuolated macrophages, distinct from the
wild-caught saliva, which induced nodular mononuclear infiltrates
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Fig. 6. Silver staining of SDS-PAGE gels (A) of L. longipalpis SGLs and comparative densitometry analysis of band intensities (B), where an open square represents SGL-W and a closed square
represents SGL-C. 10 pg of total protein was applied to each line and after electrophoresis and staining, the visible bands were measured by densitometry using the Eagle Eye gel
documentation system (Stratagene, USA). A greater number of protein bands showing overexpression of the 99 kDa protein band can be observed in SGL-C. The 27 kDa and 36 kDa bands are
not expressed in SGL-W and the 32 kDa protein band is the only one expressed in large quantities. Data are representative of three separate experiments with similar results.

and focal areas of necrosis together with parasitized macrophages.
These data indicate that SGL-C possesses macrophage chemotactic
factors not observed in SGL-W. Indeed the composition and quantities
of proteins between SGL-C and SGL-W are substantially different.

According to these results, it is possible to speculate that the
marked lesion enhancement caused by sandfly saliva is not as dra-
matic under natural conditions, since the infection is transmitted by
wild and not by laboratory-colonized vectors. It is also important to
mention that an important role of sandfly saliva has been attributed to
the protection of individuals living in endemic area of leishmaniasis
and constantly exposed to sandfly bites, since they develop humoral
immunity against the saliva [16]. Experimental evidence also indi-
cates that preexposure to sandfly saliva leads to resistance [10,19] or
delayed lesion development.
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Introduction

Abstract

We investigated the effects of Lutzomyia longipalpis salivary glands homogenate
of wild-caught and laboratory-reared vectors on the lesion evolution and im-
munomodulation of the infection caused by Leishmania (Leishmania) amazonen-
sis. To compare the effect of both salivary glands homogenate (SGH),
C57BL/6 mice were inoculated subcutaneously into the hind footpads or into
the ear dermis with 10° promastigotes in the presence or not of SGH from
wild-caught and laboratory-colonized sand flies. Comparing SGH groups, the
lesion size was lower in mice co-inoculated with wild-caught SGH, as the par-
asitism and the infileration of macrophages at the inoculation site. Wild-
caught SGH also determined lower production of IL-4 and IL-10 but higher
IL-12 levels compared with laboratory-reared SGH. Our findings address a
probable bias by using SGH from laboratory-colonized sand flies instead of
wild-caught vector SGH in studies concerning saliva effects. A possible mild
influence of sand fly saliva in natural infections caused by Leishmania is also
speculated, as infection is transmitted by wild and not by laboratory-reared
VeCtors.

in nitric oxide production by infected macrophages,
and enhancement of cytokines associated with suscepti-
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Leishmaniases represent a group of diseases that affect
millions of people in vast areas of the world. The infec-
tion is acquired by infected phlebotomine sand fly bites
and can result in a wide spectrum of clinical manifesta-
tions, depending on the involved parasite species and the
host immune status [1]. During the natural transmission,
Leishmania promastigotes are injected into the host’s skin
together with the vector saliva [2], which is a potent
pharmacologically active fluid that directly affects the
haemostatic, inflammatory and immune response of verte-
brate hosts [3].

In experimental models, when vector’s salivary gland
lysates are mixed with Leishmania sp., the resulting
cutaneous lesions are significantly larger than those seen
in mice inoculated only with the parasite [4—0]. Differ-
ent mechanisms can contribute to this phenomenon,
including inhibition of T-cell proliferation, reduction
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bility [5, 7, 8]. On the other hand, mice pre-immu-
nized with whole saliva or its components develop
both intense humoral and delayed-type hypersensitivity
reactions that control Leishmania infection when the
animals are further challenged with the parasite plus
saliva [9]

Most of the studies on the saliva effects are performed
with L. major, and some with Phlebotomus sp. glands [4,
10], parasite species and sand fly genus that are found
only in the Old World. In Central and South America,
belong to the genus Lutzomyia.
Respective of the New World,
Lutzomyia longipalpis is the most studied in infections

the phlebotomines
salivary glands of

caused by a number of Leishmania species, including
L. (L.) amazonensis [5, 6, 11], an important causative
agent of a broad spectrum of cutaneous manifestations in
the Americas [12].

389
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As far as we know, all preceding studies respecting
saliva effects made use of laboratory-reared sand fly saliva
and not from phlebotomines just captured in the field,
except for our recently report that showed a weaker effect
on lesion size by salivary glands of wild-caught Lu. longi-
palpis and different expression and amount of proteins in
relation to those from laboratory-colonized vectors [13].

In the present study, we compared the influence of
wild-caught and laboratory-colonized Lu. longipalpis sali-
vary gland homogenate (SGH) on the lesion evolution
and host immune response of C57BL/6 mice infected
with Leishmania (L.) amazonensis.

Material and methods

Mice. Female of C57BL/6 aged 6 to 8 weeks from the
General Colony of Sio Paulo University Medical School
were kept in our laboratory during the experiments
according to the methods approved by the Animal Care
and Use Committee of Medical School.

Parasites. Leishmania (Leishmania) amazonensis, MHOM/
BR/73/M2269 strain, recently isolated from chronically
infected BALB/r mice were cultivated as promastigotes in
supplemented RPMI 1640 medium (10% fetal calf serum,
SmM HEPES, 50ug/ml gentamicin and 100 U/ml penici-
lin). Stationary-phase promastigotes were harvested and
washed three times in sterile phosphate buffered saline,
pH 7.2 (PBS) to prepare the inoculum.

Sand flies and salivary gland homogenate. Wild-caught
(W) and laboratory-colonized (C) Lzx. longipalpis sand flies
were used. The wild-caught sand flies were collected in Lap-
inha Cave located at Minas Gerais State, Brazil, over a per-
iod of 3 days, although those caught in the first collection
were not used in order to work with newly released sand flies
of similar age. They were maintained in the insectary for
2 days until the time of the experiments. The colony started
from sand flies collected in the same place and they were
reared at least for 10 generations in the insectary of the Lab-
oratory of Medical Entomology at Institute René Rachou
(FIOCRUZ-MG), according to the conditions described by
Killick-Kendrick ez #/. [14]. Three- to five-day-old females
from the colony were used and they were considered of simi-
lar age to the wild-caught sand flies. All the flies received
5% sugar solution ad libitum until the time of the experi-
ments. The wild-caught sand flies were checked for the
absence of blood meal and egg development to confirm that
they had no previous blood intake before salivary gland col-
lection. Both salivary glands were collected in cold PBS and
stored at =70 °C. At the time of the experiments, they were
disrupted by freeze-thawed, vortexed and quickly centri-
fuged to discharge possible tissues. Half pair of salivary
gland, for both wild-caught and labarotory-colonized sand
flies was used for each inoculation point.

Mice infection: Stationary promastigotes (1 X 10° in
50 ul) without or with SGH were inoculated subcutane-
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ously into the mouse hind footpads totalizing three
experimental groups of 10 mice each infected with: (1)
parasites (P group), (2) parasites plus wild-caught-SGH
(P+W-SGH group) and (3) parasites plus colonized-SGH
(P+C-SGH group) to evaluate the lesion size and the
cytokine profile in draining lymph nodes. Another group
of animals were inoculated with the same inoculum
(1 X 10° in 20 ul) without or with SGH into the ear
dermis composing the same three experimental groups to
numbering and typing the cells involved in the inflam-
matory reaction at the inoculation site.

Lesion size: The evolution of the lesion size in each
experimental group was determined at each 15 days up
to 60 days post-infection by measuring the thickness of
infected footpads minus the non-infected footpads using
a metric calliper.

Parasitism: The number of parasites was determined at
60 days post-infection by morphometric analysis, using a
microscope with immersion objective lens (100X) and a
graticule eyepiece of 0.01 mm” area. Three different lev-
els of a paraffin-embedded biopsy from the hind footpad
inoculation site stained with haematoxylin—eosin were
considered.

Analysis of the inflammatory dermal site: The cells in the
inflammatory ear dermis were recovered as described
by Belkaid ez «/. [15]. Briefly, at 1, 7 and 60 days after
intradermal inoculation, the ears of different groups of
animals were collected, rinsed in 70% ethanol with shak-
ing, and allowed to dry at room temperature. Using a pair
of fine forceps, the ventral and dorsal dermal sheets were
separated and immediately transferred (dermal side down)
to 2 ml of supplemented RPMI 1640 medium into poly-
propylene flasks that were incubated at 37 °C, 5% CO,
for 6 h. After, all the cells of each experimental group
were pooled and filtered through a 70-pum nylon cells
strainer and washed twice in PBS to determine the cell
population by light microscopy and flow cytometry.

Immunolabelling and flow cytometry: Each labelling was
carried out with 10> cells for 30 min at room tempera-
ture in a 100-ul volume. The dermal cells were incu-
bated with 10% normal mouse serum in PBS containing
0.1% BSA and 0.01% NaNj and the inflammatory cells
were identified by one-colour analysis in total cellular
population. The neutrophils were identified by FITC
anti-Ly-6G (RB6-8C5; Pharmingen, San Diego, CA,
USA), mononuclear phagocytes by PE anti-F4/80 (A3-1;
Serotec, Oxford, UK) and T cells by FITC anti-CD3e
(CD3 chain; Pharmingen), PerCP anti-CD4 (L3T4;
Pharmingen) and PerCP anti-CD8a (Ly-2; Pharmingen)
antibodies. The isotype controls were rat IgG2a and
IgG2b (Pharmingen). After staining, the cells were fixed
with 1% paraformaldehyde. For each sample, 10° cells
were analysed (Facs Scalibur — CellQuest software). Each
sample was cytospun in parallel and stained with Giemsa
solution and the percentage of polymorphonuclear and
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Figure 1 Evolution of the lesion size of C57BL/6 mice infected with
10° promastigotes of Leishmania (Leishmania) amazonensis without (P
group) and with salivary gland homogenate from laboratory-colonized
(P+C-SGH group) and wild-caught (P+W-SGH group) Lutzomyia longi-
palpis (P < 0.05 between P and P+C-SGH or between P and P+W-
SGH groups, and #P < 0.05 between P+C-SGH and P+W-SGH
groups). The data are representative of two independent experiments
with similar results.

mononuclear cells were estimated by light microscope
examination.

Lymphocytes culture and cytokine assays: For measurement
of cytokine production, popliteal lymph nodes draining
the infected footpads were aseptically dissociated into a
single cell suspension at 1, 7 and 60 days post-infection.
The pooled cells of each experimental group were
adjusted to 5 X 10°cells/ml in supplemented RPMI
1640, and 100 pul/well was dispensed into 96-well plate
with soluble L. (L.) amazonensis antigen (1 pg/well).
Cultures were incubated at 37 °C in 5% CO,. Superna-
tant was harvested at 48 h and assayed for IL-2, IL-4,
IL-10, IL-12 and IFN-y in triplicates by enzyme-linked
immunosorbent assay (ELISA) using commercial kits (BD
Biosciences, San Diego, CA, USA).

Statistical analysis. ~ Analyses of variance (ANOVA)
with two factors (group and time) were performed to
evaluate at each time point of infection whether there
were differences in the average value of lesion sizes
(Fig. 1) or cytokine levels (Table 2) among groups. To
determine which means among the set of means differ
from the rest, Tukey multiple comparison test was
performed. ANOVA was also used to verify differences in
the average value of parasites/mm” among experimental
groups (Fig. 2). Bonferroni multiple comparison test was
applied to determine which mean was different from the
rest. Significant differences were considered for P < 0.05.

Results

Evolution of the lesion size

The hind footpad lesions were significantly bigger in P+C-
SGH than P group from day 30 onward and in relation to

© 2009 The Authors
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Figure 2 Number of parasites/mm’ at 60 days post-infection of the
inoculation site of mice infected with Leishmania (Leishmania) amazonen-
sis without (P group) and with salivary gland homogenate from labora-
tory-colonized (P+C-SGH group) and wild-caught (P+W-SGH group)
Lutzomyia longipalpis (*P < 0.05 between P and P+C-SGH or between P
and P+W-SGH groups; and #P < 0.05 between P+C-SGH and P+W-
SGH groups). The data are representative of two independent experi-

ments with similar results.

P+W-SGH only at 60th day of infection (P < 0.05). In
opposition, no significant differences were observed in
lesion sizes between P+W-SGH and control group
(Fig. 1). The evolution of lesions was similar when the
animals were infected in the ear dermis (data not shown).

Parasitism

The number of parasites in the hind footpad lesion at the
chronic phase of the infection (60 days) was higher (P <
0.05) in SGH groups compared with controls. Between
them, P+C-SGH animals showed greater parasitism
(P < 0.05) (Fig. 2).

Cells recovered from the ear lesion

At the first day of infection, a higher number of cells was
recovered from the dermis tissue of the ear lesion from
the animals infected with parasites in the presence of
saliva. At 7 days of infection, the number of dermal cells
decreased in all groups. At 60th day, the inflammatory
cells enhanced pronouncedly and higher number in the
dermis tissue were found in the animals co-inoculated
with C-SGH compared with the other groups (Table 1).

Flow cytometry

To characterize the cells recovered from the lesion, they
were immunolabeled and analysed by flow cytometry. At
the first day of infection, neutrophils were the cells found
in higher amount in the infiltrate, especially in P and
P+W-SGH. At this time, expressive percentage of macro-
phages (around 40%) could be observed in P+C-SGH.
Low percentage of lymphocytes was present in all groups
without difference among them (Fig. 3A). At 7 days of
infection, the percentage of neutrophils decreased and

Journal compilation © 2009 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 70, 389-395
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Table 1 Number of cells recovered from the dermis tissue of the ear
inoculation site of C57BL/6 mice infected with promastigotes of Leish-
mania (Leishmania) amazonensis in the absence (P group) and in the pres-
ence of salivary gland homogenate from laboratory colonized (P+C-SGH
group) and wild caught (P+W-SGH group) by sedimentation in culture
medium. The cells were stained with Giemsa solution and examined at
light microscopy. The data are representative of two independent experi-
ments with similar results.

Groups
Time of infection (days) P P+C-SGH P+W-SGH
17 x 10° 28.8 x 10’ 23.4 x 10’
7 7% 10° 42 x 10 3.2 % 10°
60 38.5 x 107 85.5 x 10’ 44.5 x 107

macrophages increased in the infiltrate of the ear dermis
and, once more, the highest number of macrophages
was recovered from lesions of mice co-inoculated with
C-SGH. At this time, the number of lymphocytes also
augmented in the inoculation site, especially in the
control group (Fig. 3B). At the chronic phase, macro-
phages were the main cells recovered from the lesions
and the highest percentage was observed in P+C-SGH
followed by P+W-SGH. Concerning to T CD4+ cells,
the highest percentage was observed in the controls
followed by P+W-SGH group. Low amount of CD8+
cells was observed during all the study with no difference
among the experimental groups, except at 7th day
when mice inoculated only with parasites showed higher
number of cells (Fig. 3C).

Cytokine profiles

The cytokines produced by lymph nodes cells of C57BL/6
mice infected with L. (L.) amazonensis promastigotes
without (P group) and with salivary gland homogenate of
laboratory-colonized (P+C-SGH group) and wild-caught

M. D. Laurenti et al.

(P+W-SGH group) Lu. longipalpis stimulated in vitro with
specific antigen are shown in the Table 2. A markedly
production of IL-12 was observed in all groups in the early
stage of infection when compared with all other cytokines.
At this period, both SGH groups produced less IL-12 than
controls (P < 0.05). INF-y was detected in reasonable
amount in all groups only at 60th day of infection. IL-2
and IL-4 levels were persistently low during all the period
studied, although higher IL-4 was found in both groups
co-inoculated with SGH (P < 0.05) at 7th day of infection.
The SGH animals produced more IL-10 than the controls
(P < 0.05) from day 7 onward, and between them, P+C-
SGH group than P+W-SGH
(P < 0.05).

showed higher levels

Discussion

To determine the role of vector’s saliva on the evolution
of Leishmania (L.) amazonensis infection, C57BL/6 mice
were co-inoculated with
(SGH) of Lu. longipalpis, a permissive vector [16] that can
be found naturally infected with L. amazonensis in ende-

salivary gland homogenate

mic areas of mixed cutaneous and visceral leishmaniasis
[17]. Also, the used sand fly—Leishmania combination has
long been accepted for such studies [5, 6], since it is hard
and laborious to rear Lu. flaviscutellata, the natural vector
for the parasite.

Besides the investigation of the SGH from laboratory-
colonized sand flies on the infection evolution, we also
tested the SGH of wild-caught vectors, a rational
approach to get a closer scenario of the natural transmis-
sion, as infection is transmitted by wild and not by
laboratory-colonized flies. In fact, except for a recent
study of our group [13], all the reports concerning the
saliva effects on the exacerbation or protection against
Leishmania sp. infection have been developed using SGH
or saliva from laboratory-reared vectors, probably due to

Table 2 Cytokines concentration in the supernatant of cultured draining lymph nodes cellular suspensions of C57BL/6 mice infected with 10° prom-
astigotes of Leishmania (Leishmania) amazonensis without (P group) and with salivary gland homogenate from laboratory-colonized (P+C-SGH group)
and wild-caught (P+W-SGH group) Lutzomyia longipalpis (*P < 0.05 between P and P+C-SGH or between P and P+W-SGH groups, and TP < 0.05
between P+C-SGH and P+W-SGH groups). The average and standard deviation (SD) of cytokines were obtained from triplicates of the same experi-

ment. The data are representative of two independent experiments with similar results.

Cytokines pg/ml (SD)

Time of infection Experimental groups IL-4 IL-10 IL-12 IFN-y IL-2

1 day Parasite (P) 14.1 (0.6) 46.5 (3.6) 1088.3 (59.0) 3.3 (0.3) 3.4 (0.1)
P+ C-SGH 8.0 (0.8)* 28.5 (4.9)% 359.5 (2.6)* 3.0 (0.7) 4.8 (0.2)*
P+W-SGH 9.1 (0.3)* 40.6 5.1 429.9 (75.0)* 3.7 (0.7) 6.0 (0.2)*F

7 days Parasite (P) 14.6 (0.1) 42.1 (16.5) 1902.3 (71.7) 5.3 (0.3) 10.6 (4.5)
P+ C-SGH 34.5 (0.1)* 117 (3.1)* 140.1 (24.0)* 5.4 (0.5) 8.3 (2.1)
P+W-SGH 37.1 (2.2)*F 88.9 (20.0)* 874.0 (41.0)* 6.2 (0.6) 8.3 (0.1)

60 days Parasite (P) 12.0 (2.1) 493.0 (1.6) 271.5 (4.0) 364.7 (7.9) 34.4 (12.5)
P+ C-SGH 40.1 (17.2)* 967.0 (14.5)* 161.7 (56.7)* 355.8 (2.7) 27.0 (3.0)
P+W-SGH 23.4 (10.1) 593.0 (1.4)*t 219.0 (15.5) 353.1 (14.1) 25.0 (1.7)

© 2009 The Authors
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Figure 3 Percentage of inflammatory cells labelled by different mono-
clonal antibodies recovered from de ear of C57BL/6 mice infected with
10° promastigotes of Leishmania (Leishmania) amazonensis without (P
group) and with salivary gland homogenate from laboratory-colonized
(P+C-SGH group) and wild-caught (P+W-SGH group) Lutzomyia longi-
palpis, at 1 (A), 7 (B) and 60 (C) days post-infection. The data are repre-
sentative of two independent experiments with similar results.

the complexity of working with vectors just captured in
the field.

This present study has indicated that L. longipalpis
SGH from wild-caught sand flies can enhance the lesions
caused by L. (L.) amazonensis in C5S7BL/6 mice but in a
lesser extension compared with those determined by
SGH from laboratory-colonized vectors and closer to
those observed in the animals inoculated only with para-
sites (Fig. 1).

The recruitment of inflammatory cells could partially
account for differences in the observed lesion sizes among
the experimental and control groups. At the onset of the
infection, the number of recovered inflammatory cells at
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the inoculation site in the P+C-SGH group was 1.2
times higher than in the P+W-SGH group, and 1.7
times higher than the controls (Table 1). Moreover, the
animals inoculated only with parasites showed the high-
est percentage of neutrophils in the lesions (Fig. 3), cells
that are known to have a critical role in the early protec-
tive response against Leishmania, both as effector cells
involved in the killing of the parasites and as significant
players influencing the development of a protective Thl
immune response [18]. On the other hand, macrophages
were more prominent in the inflammatory infilcrate of
SGH animals, particularly in those inoculated with labo-
ratory-colonized SGH, in the acute phase and even in the
chronic phase (Fig. 3), probably because Lzx. longipalpis
saliva elicits the recruitment of this cell type [19]. Vec-
tor’s saliva could also be responsible by the lesion
enhancement through other proprieties as it can downre-
gulates the production of potent leishmanicidal molecules
in macrophages and their ability to present antigens [7,
20], important events for the establishment of Leishmania
sp., favouring parasite growth inside host immune cells.
In fact, we detected higher parasitism in mice infected in
the presence of SGH, especially when co-inoculated with
laboratory-colonized SGH (Fig. 2)

Lu. longipalpis saliva can also inhibits T proliferative
response [8]. Our findings showed that, at 7th and 60th
day of infection, T CD3+ and CD4+ cells were detected
in a lower percentage in the animals co-inoculated with
reared SGH followed by those with wild-caught SGH
when compared with controls (Fig. 3). The percentage of
T CD8+ was similar among the groups, except at the
7th day of infection when it was slightly higher in the
control animals (Fig. 3).

SGH also modulated the production of cytokines
and this effect could be clearly seen only after day 7,
excepting IL-12 that was regulated sooner. In general,
salivary glands fostered an upregulation of IL-4 and IL-
10, cytokines associated with susceptibility, and a
downregulation of IL-12 that is associated with resis-
tance, especially those from reared vectors. We could
not detect a clear effect of SGH on the IFN-y as it
was produced by all experimental groups in similar
amount (Table 2). Here, IFN-y was almost undetectable
in the acute phase and an expressive production was
only seen in the late course of the infection (Table 2),
in accordance with data described by others [5, 21,
22].

Of note is that the lesions achieved the maximum size
exactly at the peak of IFN-y. In fact, this cytokine may
play a bidirectional role on the L. amazonensis—macro-
phage interactions. When optimally joined with some
factors, it has a protective effect against infection, and
without such synergy IFN-y promotes parasite replica-
tion, which reveals an unexpected ability of L. amazonensis
in using host defense mechanisms in its own benefit [23].
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In opposite direction, IL-12 was the main cytokine
produced in the acute phase, decaying drastically in the
latest stage of the infection. Control mice produced
higher levels of IL-12 than both SGH groups (P < 0.05).
Between those, wild-caught SGH co-inoculation deter-
mined a more elevated level of this cytokine (P < 0.05)
at day 7 (Table 2). IL-12 is synthesized by antigen-pre-
senting cells and drives a Thl response for optimum pro-
duction of macrophage-activating IFN-) and is associated
with the development of resistance [2, 24]; however,
Lu. longipalpis saliva downregulates the IL-12 production,
as we observed, fostering a Th2 response [7]. Surpris-
ingly, the IL-12 detected in the onset of the infection
did not correlate with IFN-y production. Recently, it
was seen that L. amazonensis dictate the inhibition of IL-
12 responsiveness during the infection rather than the
host, contributing with the disease progression [25].

Despite SGH of Lu. longipalpis has enhanced the IL-4
production from the 7th day onward (Table 2), a robust
IL-4 production was not observed during all the experi-
ment. The low level associated with the transitory
production seen in our study reinforces the yet described
observations that IL-4 can be a coadjutant but not the
main modulator of the disease evolution in L. amazonensis
infection, in the presence of saliva or not [5, 20].

On the other hand, IL-10, a multifunctional cytokine,
has been implicated in disease progression and long-term
persistence of Leishmania sp. in both human and experi-
mental models [5, 27, 28]. IL-10 plays a role: (1) in limit-
ing IFN-y production by T cells via downregulation of
IL-12 production by macrophages and dendritic cells, (2)
in inhibiting IFN-y-mediated parasite killing [28], and (3)
in directly promoting parasite growth inside macrophages
[29]. It is also known to be synthesized by a variety of
other cells than T lymphocytes, including macrophages,
monocytes, keratinocytes, dendritic cells and mast cells
[30]. Here, we could observe substantial amounts of IL-10
during L. (L.) amazonensis infection (Table 2). As observed
by others [5, 7], Lu. longipalpis SGH promoted a signifi-
cant increasing in IL-10 production, clearly detected from
the 7th day onward. An important point is that wild-
caught SGH induced lower levels of IL-10 (P < 0.05) than
laboratory-colonized SGH at the chronic phase of the
infection, which correlated with the lower number of para-
sites observed in the cutaneous lesions (Fig. 2).

In summary, despite the high production of IL-12 in
the acute phase and of IFN-y in the later course,
C57BL/6 mice infected with L. (L.) amazonensis do not
healed and developed chronic lesions. The parasite itself
contributed to this picture as it is known that L. amazon-
ensis dictates the inhibition of IL-12 responsiveness and
uses IFN-y to replicate. In addition, the lesions evolved
in the presence of low levels of IL-4, indicating that
susceptibility to this parasite is not a direct result of the
IL-4 production but essentially of IL-10 that contributed

M. D. Laurenti et al.

to the observed disease outcome, probably through their
effects on the downregulation of IL-12 and on parasite
growth. Colonized vector’s SGH enhanced this suscepti-
ble scenario downregulating IL-12 and upregulating
IL-10 and IL-4. Here we underline that wild-caught
Lu. longipalpis SGH regulated both cytokines associated
with susceptibility and resistance but in a lesser extent,
which determined significant smaller lesions and lower
parasitism than SGH from laboratory-reared sand flies at
the final course of the infection. In fact, lesion sizes in
mice co-inoculated with wild-caught SGH were closer to
those observed in control group. Perhaps the differences
showed in the composition and in the amount of proteins
between these distinct sources of salivary glands [13]
could account for the lower effects seen on the modula-
tion of Leishmania infection by the wild-caught SGH. Of
note are the surprising results obtained by Kamhawi
et al.
through bites of P. papatasi experimentally infected with

[31] trying to mimic the natural transmission

L. major. The infection of C57BL/6 mice always resolved
over time, similarly if mice were inoculated with para-
site alone, showing that vector saliva did not markedly
influence the infection outcome.

Finally, our findings address a probable bias by using
SGH from laboratory-colonized sand flies instead of wild-
caught vector SGH and the need to investigate the effects
of vector saliva as close as possible to natural transmis-
sion to better understand its actual role in the establish-
ment of Leishmania infections.
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Summary. Hamsters (Mesocricetus auratus) were inoculated with L. (L.) chagasi and killed on
days 7, 15, 30, 45 and 60 after infection.

The lymphoid organs developed initial proliferation of the B lymphocyte zone with recovery
by the 60th day group when pyroninophilic cells were prominent. The T lymphocyte area
showed a progressive selective decrease of lymphocytes and cellular density with cellular
pleomorphism including macrophages, plasma cells and reticular cells. The mean volume of
the white pulp increased with the lymphoid follicle hyperplasia but returned to its initial level
by day 60.

The main red pulp change was marked hyperplasia of the phagocytic mononuclear cells
containing parasites from the 30th day of infection onward.

These changes are compatible with the humoral and cellular immunoresponse found in
patients with visceral leishmaniasis (VL).

Keywords: L. (L.) chagasi, experimental visceral leishmaniasis, pathology, lymphoid organs

The histopathology of the lymphoid organs
in visceral leishmantiasis in hamster and man
has been reported as due to reticuloendothe-
lial system hyperplasia and hypertrophy
with parasitism of the cells (Meleney 1925).
Andrade and Andrade (1966) describing 13
cases of human visceral leishmaniasis consi-
dered three main changes to be character-
istic of the visceral leishmaniasis: (1) reticu-
loendothelial system cell proliferation with
high parasitism, lymphocyte infiltrate
and plasmocytosis; (2) interstitial deposits of
hyalin substance similar to secondary amy-
loidosis, and (3) proliferation and swelling of
endothelial cells. Veress et al. (1974, 1977)

also noted the occurrence of extracellular
eosinophilic material deposits in the spleen,
lymphoid atrophy of the white pulp of the
spleen and a decrease in the numbers of
small lymphocytes in the paracortical zone of
the lymph nodes. There was also necrosis
and fibrosis of the T lymphocyte dependent
zone together with histiocytic hyperplasia
with parasites and plasmocytosis. These
changes were considered to be due to immu-
nosuppression associated with excess anti-
gen. Gutierrez et al. (1984) reported that in
liver, spleen and bone marrow of mice
infected with L. donovani, the development of
granulomas was the main histopathological
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