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1. INTRODUCTION

1.1 Some features of the biology of Leishmania parasites that are relgvant to host defence

Fresh normal serum from many animal species displays potent lytic activity against
various Leishmania parasites, perhaps due to the oceurrence of "natural” antibodies or to
activation of complement by the alternative route. Parasite survival within the host may
thus depend on the capacity of the microorganism to become intracellular. No particular
organelle is detectable ultrastructurally that might facilitate cell invasion, and leishmaniae
appear to be intermalized by simple phagocytosis, Little is known regarding the nature of
the molecular structures mediating attachment of the parasites to the phagocytes.  Receptors
for the Fe portion of immunoglobulins or complement factors do not appear to be involved and
it is possible that parasites bipnd to macrophages via lectin-like structures on the host-cells
and appropriate ligands on the microorganism, or vice versa.,

The avallable evidenece suggests that, following internalization, the parasitophorous
vacuole undergoes fusion with lysosomes. In their amastigote form, the pargsites do not
appear to be harmed, as they have been shown to multiply in the phago-lyscsomal environment.
It has been sugpgested that the parasite surface may present “"refractory" properties to
lysosomal degradation, Alternatively, leishmaniae may release substances capable of
inhibiting lysosomal enzymes as shown for the anti-fg-galactosidase properties of the
"excretory factor".

Phagocytosis of Leishmania parasites by macrophages in vitro induces in the latrer cells
a metabolic burst chavaeterized by increased oxygen uptake, and the generation of toxic oxygen
metabolites such ag hydrogen peroxide. Leishmaniae (a2t least in their promastigote form)
are very susceptibhle to killing by such compounds.  This susceptibility may be linked to
their known inability Lo synthesize heme, which constitutes the active group in enzymes such
as catalase and peroxidase, which are required to detoxify oxygen intermediates, In vitre
al least, most promastigotes are thus rapidly killed upon being phagocytized; & few may
nevertheless transform to amastigotes, which appear to be more resistant to intracellular
destruetion, and may then iunitiate infection. Depending on the particular host-parasite
combination however, even amastigotes may be susceptible to killing and digestion in
magrophages that have become activated as the result of a cell-mediated immune response.

1.2 Genetic amspects of infecrion

The disease patterns produced by injection of Leishmania parasites into mice of different
genetic backgrounds may vary widely, depending, presumably, on both host and parasite factors.
For instance, evolution of the skin lesions induced by inceulation of L. tropieca varies
between mouse strains, which can be classified as “healers'" or '“non-healers" according to
the outcome of infection. 4 similar situation prevails in L, domovani infections in the
same host, and there are indications that susceptibility in man is also controlled by
genetically determined factors. Although it has been demonstrated that the macrophage-
parasite relationship plays a determining reole in "acute" resistance or susceptibility (that
i ewercised before the onset of an immune response), the precise nature of the factors
responsible for the "acutely resistant" and "acutely susceptible" phenotypes is still unclear.

2. HUMAN LEISHMANIASIS: MAIN IMMUNOLOGICAL FEATURES

Differcnt clinical manifestations are known to cccur in man following infection by
Leishmania; they depend on the nature of the infecting species and, presumably, on the type
of immune response mounted by the host (Table 1).
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TARLE 1. A SIMPLIFIED TARULATION OF THE MATIN IMMONOLOGILCAL FEATURES
OF LEISHMANIAL INFECTIONS IN MAN

Immune response
. i 1t Parasites |Tendency to
Parasite Dizedase type Cutaneous ‘ ) in lesions celf_cure
delayed Antibodies
hypersensitivity

L. tropica Cutanecus: oriental sore Present Low Present Yes

DCL Abzent Present Abundant No

LR Strong Variable | Rare No

L. donovani Visceral: kala azar Absent Abundant Abundant No

Cutaneous; PKADL Variable Variable Present No

L, brasiliensis!Cutaneous Present Fresent Present Tes

Muco-
cutaneous: espundial Present Present Rare No

DCL = diffuse cutaneous leishmaniasis: LR = leishmaniasis recidiva;
PKADL = post-kala azar dermal leishmaniasis,

2.1 Cutaneous leishmaniasis

The cutaneous ulcer (oriental sore) resulting from infection by L. tropica heals
spontaneously. There follows what is said to be a permanent immunity azainst reinfection
by the homologous parasite, although rare cases of reinfection (or activation of a latent
infectien) have been documented feollowing immunosuppressive therapy. Oriental sore is
characterized immunclogically by strong delayed hypersensitivity reactiong Eollowing intra-
cutaneous Lujection of leishmanial antigen. Peripheral blood lymphocytes respond Lo antigen
challenge in vitro by a marked proliferative activity, Antibodies, albeit in low titres,
can usually be demonstrated by immunofluorescence, The self-healing forms of cutaneous
leishmaniasis in South America share similar immunological chavacteristics,

Cutaneous leishmaniasis is sometimes considered to constitute a "polar" disease, akin
in this respect to leprosy. The two (rare) polar forms would be diffuse ¢cutapeosus leish-
maniasis (DCL) and leishmaniasis recidiva (LR). DCL is characterized by a cutaneous anergy
to parasite antigens, that is said to be specific, It is not known whether such anergy
should be considered as the result, or the cause, of the intense parasite proliferation

observed in this disease. On the comtrary, patients with LR display "exquisite sensitivity”
to leishmanin as detected by skin testing, which correlates with the conspicuous scarcity of
parasites in the lesions, Both conditions do not seem te evolve spontaneously towards

healing, Clasgical oriental sore would appear to cecupy, both histolegically and fmmuno-
logically, an intermediary position between the above two polawx forms of the disease.

2.2 Visceral leishmeaniasis

Contrary to oriental sere, visceral leishmaniasis (caused by infection with L, donovani
and related species) is usually non-self-healing. Indian kala azar is characterized
immunolegically by high titres of circulating amtibodies, concomittant with an increase in
immunoglobulin levels {(partieularly of the IgM and IgG classes). Delayed hypersensitivity
to parasite antigens is usually absent during the active phase of the disease: in addition,
a generalized hyporeactivity to other antigens, contact sensitizers and mitogens Ig
observed both in vive and in vitro in kala azsr patients, These parameters, however, return
to conbtrol levels after cure. The acquisition of a positive delayed skin hypersensitivity
teaction to leishmanin appears to correlate with protection sgainst reinfection, which is
said to be absolute and long-lasting. Cases of post kala azar dermal leishmaniasis (PHADL)
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represent an immunclogical puzzle, in that immunity appears to control patrasite proliferation
in the viscera, but not in the skin. In this condition, various levels of immunoreactivity, 9
of both the cellular and humoral type, can apparently be observed.

2.3 Mucocutaneous leishmaniasis

Delayed hypersensitivity as well as eirvculating antibodies have been demonstrated at
least in some patients with "espundia".  However, at present, it is still unclear why this
immune vesponse is not protecrive and whether immune reactions play a role inm the progressive
erosion of the soft tissues of the naso-pharyngeal regions, characteristic of this condition,
or whether such erosion results from some unrelated pathological procesges.

2.4 Immune response and biclogical cure in human leishmaniasis

Considering that (a) the self.curing forms of cutaneous leishmaniasis are characterized,
from an immunclogical standpoint, by the presence of cell-mediated immune reactions,
(b) acquisition of immunity in visceral leishmaniasis correlates with the emergence of a
positive delayed skin test, and (c¢) the presence of antibodies does not seem to confer
protection {cf kala azar), recovery and protection in human leishmaniasis have usually been
regarded as resulting from cell-mediated rather thapm humoral immupe processes, Cellular
mechanisms may be necessary but not sufficient, however, since many types of leischmanial
infections are accompanied by ecellular hypersensitivity, vet no cure is observed.

3. IMMUNITY IN ANIMAL MODELS
Several experimental models of leishmanial infection have been studied, The main
immunological features of two of them are given below together with the conclusions that have

been reached reparding the mechanisms of immune recovery,

3.1 The guinea-pig

Inceculation of L. enriettii in bare tracts of guinea-pig skin produces a skin lesicn
gsomewhat similar to human oriental sore, Cellular immune reactions to parasite antigen
{delayed skin hypersensitivity, blast tranmsformation of lymph node lymphocytes in vitro,
microphage migration inhibitien, ete.) can be demonstrated, as well as the presence of
antibodies. Spontaneous healing is observed within several weeks; the animal is rhereafter
immune against reinfectiom. Histological studies guggest that, in the healing animal,
parasites are destroved within host macrophages.  General or specific "paralysis" to parasite
antigens can be induced by immunosuppressive means: this results in an increasge in the
severity of the lesions and delays or abrogates self-cure,

The study of effector mechanisms leading to parasite elimination strongly suggests
that: (a) in the recovering animal, macrophages become activated following interaction
between sensitized lymphooyvtes and parasite antigen; (b)) activated macrophages can destroy
L, enriettii parasites; (¢) serum antibodies do not seem to affect the intracellular micro-
organisms. These observations emphasize the role played by the activated macrophage in the
process of immune recovery in this animal model; they do not preclude, however, a possible
role for antibodies in protection against reinfection in the recovered host,

3.2 The mouse

Inoculation of L, tropica in the skin of mice from different straing produces an ulcer,
that will eventually heal, or not heal, according to the genetic background of the recipient,
The production of antibbdies, as well as a strong cellular immune response, can be detected
early in the infection in all the strains tested. The cellular response (&% measured by
skin testing) appears to decrease in "mon-healer" animals as the disease progresses, whereas
it remaing strong in healer strains throughout the infection and after self-cure. Responding
lymphocytes from animals incculated with parasites in Freund's complete adjuvant have been
cloned:; the same clone can display all of the following functions: (a) preoliferation in the
presence of appropriately presented pavasite antigen: (b) helper activity for antibody
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production; (c) transfer of delayed-type hypersemsitivity; and (d) activation of Leishmania-
infected macrophages for intracellular killing of the parasite, Results from in vitzo
experiments suggest that in this model also, macrophape activation is am essential component
of the mechanisms of recovery. '

4. FATILURE TO HEAL ¥N ANIMAL MODELS

Experimental evidence ipndicates that at least three mechanisms may contribute to render
an infected host unable to eliminate the parasite, These are:

(a) Deficient effector function of activated macrophages. Experiments in vitro have shown
that activared macrophages from "“non-healer™ strains (with regard to L. tropica infection) are
deficient in their capacity to destroy the microorganism, compared to activated macrophages
from "healer" strains. These results establish a correlatrion between the non-healer phene-
type on the one hand, and macrophage defect in leishmanicidal activity on the other,

(b} Defieient antigen-presenting capacity of macrophages, Based on in vive and in vitro
findings in the mouse, it has been claimed that infected macrophages (or at least a sub-
population thereof) from highly susceptible hosts, might both allow uncontyolled parasite
proliferation, and show & defect in their capacity to present adequately leishmanial antigen
te the immune system, This defect might reside in the low level of Ia antigens present on
these phagocytes,

(c) Generation of suppressor T ceils in "non-healer" animals, The intensity of the delayed
skin response (to leishmanial antigens) of "non-healer" mice has been shown to decrease as
the infection progresses. Moreover, spleen cells from heavily infected animals, when
transferred to nommal recipients, specifically suppress the response to a sensitizing
parasite inoculum, The splenic suppressor cells are T lymphocytes, they are sensitive to
certain treatments and for instance, highly susceptible animals can be converted to a
"healer" phenotype when submitted to an appropriate course of X-irradiatiom before infection,

The relationships, if any, between the above three mechanisms, are unknown.
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