Leishmaniasis

‘The study of the cause of things must
be preceded by the study of things
caused.’

Hughlings Jackson (1835-1911)



Definition & History

* Infection by the protozoans of the
genus Leishmania.

* Leishmaniasis may involve skin, mucus
membranes, mouth, oropharynx and
viscera.

« Early descriptions of the parasite in
cutaneous lesions were by
Cunningham, Borovsky, and Wright
between 1885-1903.



Definition & History

In 1903 Leishman (top)
and Donovan (bottom)
separately described a
visceral form.

|dentified organisms in
the spleen.

1911--lesions of
cutaneous leishmaniasis
followed the sandfly bite.

1942--identified L.
donovani in volunteers
experimentally subjected
to the bite of the sandfly.

*.
1

¥

4
11

W

Y

-

e
b

4
o #.



Leishmaniasis-synonyms

Mucocutaneous

— “espundia”
Visceral

— “Kala-azar”

— “dum-dum fever”
— “espundia”
Cutaneous

— Delhi boil

— Baghdad boil

— Chiclero’s ulcer
— Oriental sore,
— Reta,

— Year-long sore
— Aleppo’s boil,
— Biskara button,
— Buton de Crete
— Forest yaws

— Pian bois

No vaccine

However, infection
with many of the
species of
Leishmania results
in permanent
immunity to
reinfection with the
same species.
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*A few indigenous North American infections have been identified
In Texas. Bray, R.S. Leishmaniasis in the Old World. Br. Med. Bull.
1972:28:39-43
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Geographic Distribution

Distribution of Old Woaeld and MNew World Visceral Leishmaniasis
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With increased travel to endemic regions, diagnosis of leishmaniasis continues
to challenge the clinician and pathologist.



Leishmania--Epidemiology

The number of humans infected
difficult to determine.

Conservative estimates suggest that
several million are infected.

More than 350 million live in within an
area of transmission.

Present in at least 88 countries.



Leishmania--Epidemiology

In the Eastern
hemisphere, no less
than fifteen species
regularly infect people:

— L. leishmania
amazonensis

— L. viannia braziliensis
— L. v. colombiensis

— L. I. donovani

— L. I. garnhami

— L. v. guyanensis

— L. I. infantum chagasi

e

. V. lainsoni

. V. lindenbergi

. |. mexicana

. V. naiffi

. V. panamensis

. I. pifanoi

. V. Shawi

. |. venezualensis



Leishmania--Epidemiology

* In the Western  As may be expected,
hemisphere, no less clinical conditions
than fifteen species caused by
regularly infect Leishmania spp.
people: vary greatly,

— L. I. donovani depending upon the
— L. I. infantum species of

— L. I. aethiopica Leishmania and the

— L. I. major immune status

— L. I. tropica (genetic make up) of

the host.



Life Cycle

Sandfly Stages Human Stages
Sandfly takes a blood meal )
ﬂ [m::;:'s rcarstigols stage e Promastigotes are

phagocytized by

info the skin) h
Divide in midgut amd /.ﬂ W = ’ macrophages

migrate to proboscis

Amastigotes transform into
0 promastigote stage in midgut

Pmmashgmes transfonm
into amastigotes inside
macrophages &

Amastigotes multiply in cells
{including macrophages) of

H various tissues ﬂ

Sandfly takes a blood meal
{ingests macrophages infected
with amastigotes)

e Ingestm-n of
parasitized cell

ﬁ= Infective Stage

ﬂl= D‘Iﬂgr‘ll}ﬂﬂ: 51&9& :MI'LH H.'.'l'HlliHPll':r
hitp: /e dpd cdc.govidpdx

Like the Trypanosomes, Leishmania spp. are heteroxenous hemoflagellates.



Leishmaniasis — Vector

T. Evans © 1996

Female Sand fly
Phlebotomus spp. (Old
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In Texas, the reservoir World)
Is the wood rat and the vector Lutzomyia spp. (New
iIs Lutzomyia anthophora. World)

Some canines also have leishmaniasis.



Sandflies

* 1.5-5.5 mm long

* Transmission of
human
leishmaniasis is
accomplished by
less than 10% of the
600 known sandfly
species.

e Nocturnal.




Sandflies

 Infection begins with
the fly bite.

* Injects saliva
containing numerous
well-characterized
bioactive components,
e.g., maxadilan (a
potent vasodilator).

« Leishmania inhibit fly
regurgitation.

— Increases chance of
infection.




Leishmania spp. affect fly
feeding mechanism

* Food ingested by
action of 2
pumps—pharyngeal
(ph) and cibarial
(Ci).

— Ca-Cardia
— e-epithelial cells

— m-sphincter muscle
— Civ-cibarial valve

— Cv-cardiac valve

— H-host skin




There are 4 critical phases of development of
the parasite in the insect vector:

1) Transformation of
amastigotes to promastigote
forms and rapid growth of the
parasite occurs during blood
meal digestion.

2) Migration out from the !
digested blood meal encased in -
the peritrophic matrix. ’

3) Binding of the parasite to
midgut epithelium and
subsequent anterior migration
of the parasites.

4) Transformation to the
mammalian-infective form of
the parasite (metacyclic
promastigotes) and transfer
during a subsequent feed.




Rosette Formation

* Occurs during the
development of the
metacyclic
promastigote stage
in the fly.

 Promastigotes bind
to the gut tract via
their flagella.




Promastigote—Binary fission

* Flagellated metacyclic
promastigote resides in
the anterior midgut and
thorax.

* Injected with fly saliva.

— Maxadilan induced
negative effects on host
immune cell functions.

* Interferes with IL-10 &
TNF-a production.

« Upregulates IL-6
production in
macrophages.

» Upreulates PGE2




M@ Migration in the Skin

* Living 0
promastigotes 30 .
simulate M@ o |
migration to the e -
infection site. B
- Antibody coated s
promastigotes v
utilize C3 to become | Fi . i
phagocytised. TF e 3 3 8 ®



Leishmania--M@

« At the skin, \
differences between B
species of
Leishmania become
obvious.

« Those that cause
only cutaneous
lesions remain at
the site throughout
the infection.

— Histiocytes



Immune System Dynamics

Cellular
Immunity



IFNy, IL-2, LT

GM-CSF
+ other cylokines
" CD40|CD1S4 {Cell-mediated)
AYI[LFA-1
“cose 'cms —
D2 _Cos IGR L3, L4, [L-5, 16
: % L IL-9, 1L-110, [L-13
m:m 1. )"" + ofher cylokings
sz Bendtzen 1939



Leishmaniasis and Th Responses

Mucocutaneous-Th2-humoral

Cutaneous-Th1-cellular

Visceral-Th1/Th2-Splenomegaly
(Amastigotes)




Cutaneous Leishmaniasis

« Caused by 4 Old World
and at least 15 New
World species of
Leishmania.

* Oriental sore—common
in endemic areas of the

Middle East, India, and
Africa.

* A rudimentary form of
vaccination referred to
as “leishmanization”
was practiced in the
Middle East.

— Controlled the region
of the body where
the scar developed.




Cutaneous Leishmaniasis

* 4 Types
—Acute
—Chronic
—Diffuse cutaneous

—Post kala-azar dermal
leishmaniasis



Cutaneous Leishmaniasis--Acute

* Pruritic papule
develops at
inoculation.

 Well developed 2-8
weeks.

* Ulceration is followed
by spontaneous healing
in 3-12 months.

« Some lesions are
papular or R
verrucous.




Cutaneous Leishmaniasis--
Chronic

 Rare.

 May present as an
acute lesion but
then persist (linger
for years), resolve,
Or recur.




Cutaneous Leishmaniasis--
Diffuse

Early lesion is shiny,
erythematous nodule.

Multiple nodules
aggregate and coalesce,
forming plaques.

Dissemination occurs
from these primary
sites.

Face, limbs, and
buttocks may be
involved.




Cutaneous Leishmaniasis—Post

kala-azar dermal Ielshman|a3|s
PKDL

6% of treated patients
develop skin lesions
without history of re-
exposure.

1-5 years after 1st
exposure

Hyperpigmented
macules turn into firm
nodules.

Typically around mouth
and nose (trunk and
limbs too).

Nodules composed of
histiocytes.

2 years later—following therapy






Mucocutaneous Leishmaniasis

e 2-3% of L. v. braziliensis infections
‘metastasize’ to mucocutaneous
junctions.

— Oral cavity
— Urogenital
— Anal areas

* Infrequently L. v. guyanensis and L. v.
panamensis cause similar disease.



Mucocutaneous Leishmaniasis




Visceral Leishmaniasis
(‘Kala-azar’)
Characterized by

hepatosplenomegaly and
high fever.

— Progressive wasting

— Death if untreated
Primarily affects children.
Latent period of 4-6 months
(up to 10 years).

More difficult to diagnose.

Children with absent
response to INF-y had a 67%

chance of developing
visceral leishmaniasis.

Called black fever because
this describes the patients
skin at the height of the
infection.

3-6 month incubation.




Differential Diagnosis

* Leishmania is identified
microscopically within macrophages. It
may resemble:

— T. gondii
— Histoplasma capsulatum (same size and
shape—distinguished using fungal stains).



Leishmaniasis — Diagnosis

Microscopy
Biopsy
— Lesion, liver, spleen, bone marrow

PCR

Serologic testing

— ELISA
— Direct agglutination test



Leishmaniasis—Treatment

Pentavalent antimonial drugs

— Pentostam (sodium stibogluconate)
— Glucantime

— Aminosidine (Gabbromicina)

» effective for cutaneous leishmaniasis, better
tolerated

— Humatin (paramomycin)

— Severe toxic side effects with most antimonials
Antifungals (ketoconizole, amphotericin B)
Allopurinol

Anticancer — Miltefosine
(hexadecylphosphocholine)

— 90% effective for visceral form



Mammalian Host
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Immune System Dynamics

Cellular
Immunity



How can infection with one
pathogen exacerbate or
diminish the symptoms caused
by a second pathogen?
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Acute cysticercosis favours rapid and more severe lesions caused by
Leishmania major and Leishmania mexicana infection, a role
for alternatively activated macrophages
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Lesion size following co-

infection

 Lesions caused by .
both L. majorand L.
mexicana were i
exacerbated when
co-infected with
Taenia crassiceps. b
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Histologic exam of lesion in co-
infected mice (skin

[
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mexicana. '
B. L. mexicana onIy.
C. T.crassiceps/L. ©% = 0
major 0 I *w 3 a{
D. L. major only L =
E. ??77?

o Wiy L

i R ef’

o w“fe%?' Vet ikl
B *.{ﬂ' it

[
il

; 1 i, p’
.a}?tzﬁf:'qfﬁ?f- it

'fE‘,"r%‘ff_. ;l'l-_fl'f{rriq‘: "ﬁ.ﬂ l
'--‘5"#".» ‘*

R




Parasite burdens in co-infected
mice

. Parasite burdens
from lymph nodes —
draining the site of Pl
infection. £
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Antibody response in singly and co-infected
mice
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Mounting a Response

Pore of

sweat gland duct Hair shaft
e :I— Stratum Corneum
Epidermis
Nerve fibres
- y=— Siratum germinativurm
Basement membrane
Dermls 1N :A g 1ores
L Blood vessels
Sweat gland
Subcutaneous ;
r Paccinian corpuscle
(Hypodermis)




Ultraviolet Light

- UVA/UVB

 Immune suppression
— Local
— systemic
* Shifts IR from Th1 to Th2

* Upregulation of Th2 cytokines
(keratinocytes).



medical
hypotheses
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 PKDL lesions mirror the clothing habits of patients.

« Lesions are confined to or are most severe in sun-
exposed parts of the skin.

 Morphological and functional changes in
Langerhans’ cells that are found in PKDL lesions are
compatible with the effects of UVB light.



Pathogenesis of PKDL

Keratinocytes exposed
to UV light Produce:
TGF-31
ThEF-=
TE-10
IL-12

Epidermal LC
Exposed wo UV
Regnomn L'Twh//
el

V9 Vizceral Leishrnaniasis I Interdsparating Cells
LiC: Langerhanse Cells THNF-a: Tumowr Mecoosas Facror Alpha
L Ueraviobes Lighe TGF-3: Transfomying Growth Factor Bema
A Macrophage IFMN-g: Interferon Gamama
PC: Paracostex Thi: T-helper -1
PBL: Peripheral Blood Lymphocytes Th2: T-helper-2
PREDL: Post Kala-arar Dermal Leizhmaniazis I -4: Imvpeslenksn-4
AFF: Afferent TL-1k Imtecleuksn-10
EFF: Efferent IL.-12 Imterlenksn-12

MK Matural Killer Cells



