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What is a parasite?

Species A Species B
Benefit (+) e Mutalise Benefit (+)
Commensalism
Parasitism
No effect (0) Neutralism No effect

Amensalism

Competition
2 ® Harm (—)

Harm (=)



Parasites are very complex and represent a big problem
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Parasitic and vector diseases
Malaria

African Trypanosomiasis
Chagas disease
Schistosomiasis
Leishmaniasis

lymphatic filariasis
Onchocerciasis
Cysticercosis
Echinococcosis

Dengue

Trachoma

Yellow fever

m. Rabies

AT T S@®@ e Q0T o

DALYs (000s)

45,537
33,398
102
217
1,628
722
1,616
1,210
988
461
1,952
194
413
2,635

https://www.who.int/data/gho/data/themes/mortality-and-

global-health-estimates/global-health-estimates-leading-causes-

of-dalys
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What is Chagas disease?
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— Leishmania major
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Gourbiere et al, 2011

Crithidia fasciculata
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_(: Trypanosoma congolense

e Over 200k
DALYs/year-

sawosouedAn

SpeuoL

uedl Y

-031Ayd

JeulluBWYSIAT

e Over 7 million
people infected.
9,000 deaths per



Epidemiology and transmission of Chagas disease

Epimastigotes transform into metacyclic trypomastigotes

Suriname

Amastigotes transform into
tissue trypomastigotes

I Endemic area where interruption of
vectorial transmission is not a goal

[ Endemic area where transmission by
the main vector has not been interrupted

[] Area where transmission by the main
vector is close to interruption

[] Area where transmission by the main
vector is interrupted

[ Area where the main vector has been
eliminated

[ Non-endemic area without evidence
of transmission

[ No data available

Chronic chnical features

Trypomastigotes transform into amastigotes

Pérez-Molina and Molina et al 2018



Epidemiology and transmission of Chagas disease

Chagas disease is an increasingly global public health concern
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Clinical manifestations and evolution

Peripheral parasitaemia Supraventricular arrhytmias Ventricular arrhytmias
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Epidemiology and transmission of Chagas disease

Tel-Telll-TelV

DOMESTIC
SILVATIC

— Hybridisation
:} Mitochondrial introgression

Zingales et al, 2012 Tomasini et al, 2015 8
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Immunosuppression
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Transcriptomic evidence of immune modulation during infection and treatment

Normalized Enrichment Score (NES)

Pre-treatment compared with controls _ﬁ o 2 7 ﬁ
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Chronic immune stimulation and exhasution are associated with symptomatic disease

AHSP pathway

CTL pathway

FXR pathway

MHC pathway

PML pathway

PROTEASOME pathway

TID pathway

CYTOKINE pathway

GRANULOCYTES pathway

INFLAM pathway

TFF pathway

IL1IR pathway

Ros-Lucas et al, 2024.

T.cruzi infected
post- vs. pre-treatment

Log;FC

Asymptomatic T. cruzi infected
post- vs. pre-treatment
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Treatment is associated with down-regulation of pro-inflammatory
pathways and reductions in the K/T ratio.



Again, balance...

IL-12
TNF-qre—
INF-y
— L2

Chronic
stimulation

Chronic

1 stimulation

—
damage

Persistancein

some tissues




A very complex balancing act...

Anti-T. cruzi Response
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@,}1‘ [ Parasite Factors ]

I Host Factors | ‘ %

» Cytokine-mediated deactivation (IL-10,
TGF-§, SOCS)

* Myeloid-derived suppressor cells

« Alternatively activated macrophages

* Regulatory T and B cells

» T cell inhibitory receptors (PD-1, CTLA4,
TIM-3 etc.)

* Immunodominance hierarchies

» Compartmentalisation

» Privileged sites

* Microbiota

» Other infections
Co-morbidities J

\
Complement inhibition
Phagosome escape - cytosolic residence
Anti-oxidant network
B cell mitogens < Polyclonal B activation
DC phenotype modulation
Thymocyte & B cell apoptosis
Cruzipain (+ others?) - TGFf activation
Trans-sialidase (+ others?) 2 IL-10 ¢
Extracellular vesicles, decoy antigens
Antigenic diversity (population, individual)
Metabolic quiescence, dormancy?
Low MHC expression environments
‘Trojan horse’ intracellular dissemination

IL-12 IL-18
IFNs IL-1B IL-6
ROS RNS TNF-a

TNF-a IL-2
IFN-y IL-17
ILt-10 TGF-B

Pérez-Mazliah et al, 2020



Parasite and host metabolism play a key role too...
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Blood
vessel

Plasmodium spp.
infected RBC

Tanowitz et al, 2017

o

Adipocyte

Lipid
vacuole

Trends in Parasitology

Amastigote

Trypomastigote

Cer (8.85%)
CerG (3.06%)
DG (0.68%)
PC (25.24%)
PE (13.50%)
PG (0.93%)
P1(14.06%)
PS (5.09%)
SM (3.43%)
TG (25.16%)

ERRRCRCOCHNE

Cer (8.91%)
CerG (3.04%)
DG (0.72%)
PC (29.34%)
PE (10.98%)
PG (141%)
Pl (25.42%)
PS (6.19%)
SM (3.03%)
TG (10.96%)

BRNRCEECEN

Parreira de Aquino et al, 2021



Infection with T. cruzi leads to detectable metabolic changes

Abundance of PC(20:4)
Acute stage Chronic stage
Uninfected Infected Uninfected Infected
-_—

Overall metabolic disturbance

Base

Apex

Dean et al, 2021

Hossain et al, 2020
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Né

— el el

Gabalddn-Figueira et al, 2024

Component 2 ( 124 %)

Asymptomatic

Control

Symptomatic

s class A
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Some lipids are differentially abundant in symptomatic participants

PE(18:1/20:4) PE(18:0/20:4)
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1-Specificity (False positive rate)

1.0

Phosphoethanolamines have a good capacity to discriminate symptomatic

and asymptomatic participants

More likely a consequence rather than a cause...



Modulating host-pathogen interactions can help us improve treatment alternatives

Benznidazole
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Knowing if an infected patient has been cured
is incredibly difficult!



Changes during the course of infection can be useful for monitoring early treatment efficacy

LANDSCAPE OF THE STUDIES
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The abundance of
sphingoid bases
decreases less than a
year after completion
of anti-parasitic
therapy in
asymptomatic patients
with a negative qPCR.



New medications should not exclusively focus on killing the parasites

---------------
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- Benznidazole - Fexinidazole e --/:-—-‘-l"': Length E-- R
= Niturtimox - Posaconazole £ ~+ Frequency \\
- Ketoconazole f A 2oo 25530y 2o ¢ '
» Fluconazole [\. : ’Paras:tologlc_a_nl_ - f)
. treatment failure <—
\,ﬁ_x _///
OR
o S
, x g 3
@ w
1M E
[T 1 = a
New therapeutic s &
approaches S 3
Metabolic modulators |-~
« Carnitine
» Resveratrol Clinical <
. » treatment failure <«—
" Metabolism '

Ernst et al, 2025

Q==

» Drug resistance
- Metabolism
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Anti-fibrotic treatments
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New therapeutic
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Immune modulators
« Pentoxifylline
« Anti-TGF-f3
« Therapeutic vaccines




Disruption of lipid metabolism also conditions organ damage

LPC-C18:1

r

Other
secreted
lipids

pLr2 M

A

Parreira de Aquino et al, 2021
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Recent tools to understand host-pathogen interactions during T. cruzi infection
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Structure and localization of PLA2, and PLA2,

PLA2,

PLA2,

The posterior end of
epimastigotes is known to be
rich in reservosomes.

Gabalddn-Figueira et al, unpublished data



Phenotypic characterization of the PLA2, /- line

PLA2,

kb

5.0

3.0

2.0
15

1.0

0.7
0.5

0.2

PLA2,

mNG-Cas9

Puro BSD WT

Metacyclogenesis

Metacyclic trypomastigotes (%)

104

[

i

Puro BSD

* %k

-
7

fia

WT

* %k

-

T
96

T
120

T
144

Hours of differentiation

T
168

Infected cells %

Infectivity (epimastigotes)

FSCH

0.15 : * :
| 1
0.10- |
0.054
0.00 — = I
PLA2, ™" mNG-Cas9
Infectivity (TCT)
| * % ]
| | 1
6_
o\o [ ]
= 4
[¢b]
[&]
©
b
o 24
=
0 | / |
PLA2," MNG-Cas9

PLA2,"-
250K |
200K |

150K -

FSC-H

100K

-

O
50K : é‘

o

Singlets

104

10°

NecnGreen::488nm S30/30BP (5021 P)-A

PLAZA'/'
250K -
200»(-5
15m<-':

100K -

50K -

al

Singlets

infectod

0

10
NecnGreen::488nm 530/30BP (502LP)-A

10°

mNG-Cas9
250K
200K

150K

FSC-H

100K -

50K -

Singlets

0

mNG-Cas9
250K
200K
150K
100K
5UK-_-:

ol

Singlets

0 10° 10
NeonGreen: 488nm 530/30BP (502LF)-A

[.} v

10*

10°

NeonGreen::488nm 530/30BP (502LP)-A

Gabalddn-Figueira et al, unpublished data



Phenotypic characterization of the PLA2, /- line

PLA2, deletion hinders metacyclogenesis and is associated with a reduced capacity to infect cells and replicate.

96h post-infection

mNG-Cas9
kkk
%

40 -
o
(&)
>
3
&

S 201
(']
=
<

0 o

-/- _
PLA2, mNG-Cas3 Gabaldon-Figueira et al, unpublished data



Lysophospholipid production in the PLA2,7/-line

LPC-C18:1
Monolayer TCT ‘
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* Phenotypic changes are not mediated by LPC-C18:1 abundance.
e LPC-C18:1 production is not dependant of PLA2, activity

Gabaldon-Figueira et al, unpublished data



In summary... the big picture is quite complex

microbiome

immune cells &

diet

Kwakye-Nuako et al, 2024
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Take-home messages

Chagas disease is a complex condition with an unclear pathogenesis.

The development of chronic disease depends on many different parasite and host-related factors.

Chronic immune stimulation, metabolic disruption, and tissue-specific dynamics are likely critical in the
development of organ damage.

A balanced response is key to prevent organ damage.

This balance is influenced by the host’s genetic and environmental background.

Studying the host-parasite relationship can lead to improved biomarkers and therapies.

Further Reading:

1. https://www.thelancet.com/journals/lanmic/article/P11S2666- Contact:

5247(21)00265-2/fulltext juancarlos.gabaldon@isglobal.org
2. https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.

1012012

3. https://onlinelibrary.wiley.com/doi/10.1111/pim.12786
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