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MALARIA PREVALENCE

~350-500 Malaria-endemic countries, 2006
million
infections/year
1-2 million
deaths/year,
most of them
among children
under g

Areas where malaria Areas with Mo malaria
transmission occurs limited risk

Source: Intemational travel and health 2008 page. World Health Organization website,
Available at: www.whouint/ith/en/. Accessed July 21, 2008,



MALARIA LIFE CYCLE
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IMMUNE RESPONSES MEDIATE PLASMODIUM
PATHOLOGY

Table 2 | Malaria products and their bioactivities

Parasite product

Plasmodium fakcipanim
EMP 1 -family members

GPI

Haemozain

Unknown ligands

lsopentemy
pyrophosphate

Frotain antigens

Unknown sugar(s)

Receptor and cell type

ICAM1, VCAMI, CD3B, thrombospondin,

E-salectin, chondroitin sulphata A,
hyaluronic acid and CD31 on endothelial
cells and trophoblast cells; CD36 on DCs

TLR2, TLR4 and/or possibly C-type
lecting on several cell types, including
DCs, macrophages. endothelial cells and
adipocytes: CD1d and Vee14-VP8 TCR
on MKT cells

TLRD an DCs

MKC-encoded receptors on NK and
NKT cells

v TCRs
Dwverse TCRs on CD4r and CDE* T calls

MEBEL in plasma

Pathological and cellular effects

Binding directs parasite to the brain, placenta
and possibly other target organs; CD36
engagement proposed to suppress DC and
macrophage activation

Induces widespread expression of genes
encoding pro-inflammatory proteins (including
THF, IL-1, IL-6, IL-12, INOS, ICAM1, VCAM);
activates NKT cells; induces T 1-or T _2-
cylokine production

Contradictory reports: both T 1-and T 2-

cell activities; induces and inhibits DCs;
suppresses macrophages; induces IL-10
production; broadly immunosuppressive

Activates NK cells; induces IFN-y production;
regulates balance of T 1 and T 2 cytokines
produced by NKT calls

Activates 1 T cells; induces IFN-y production

Activates o T cells; nduces T 1-or T 2-
cylokine production

Possible binding provides protection; low
levels of MBL are associated with disease

O, dardritic call; EMP1, erythrocyle membrans protain 1; E-selectin, ancothalal-call sslacting G, glycosyiphosphatichlinosiiol;
ICAMY, intercellular adhesion motecule 1 IFM-v, Interferon-+; L, interiguking iNCS, inducible nitric-oxide synthase: MBL, mannose-
binding lecting MK, nalurad kller: NKG, natural Kiler comples: NKT, natural kier T, TOR, T-cell recepton; T, T helper;, TLR, Toll-Exe
receptor; THNE, tumour-necrosis factar; VOAMI, vascular cell-adhesion maleculs 1,




TYPICAL "THa-TYPE"” IMMUNITY CONTRIBUTES TO
MALARIA PROTECTION AND PATHOLOGY

In infected mice,

antigen is presented in J

the spleen where Tha
cells requlate innate
and adaptive immune
responses, including
stimulating anti-
parasite antibody and
effector mechanisms
such as ROl and RNI
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IMMUNE MECHANISMS TO CONTROL MALARIA

0 . : : Wild- i d +6 T-cell-deficient mi
Antibodies block invasion of sporozoites s sl e
into liver cells p 5
Interferon- (IFN-) and CD8*T cells inhibit E 3
parasite development in hepatocytes B g
Antibodies block invasion of merozoites . *
into erythrocytes — -
. . . Acute phase Chroric phase Acute phase Chronic phasa
Antibodies prevent sequestration of . r o e
infected erythrocytes by preventing b CD4* T-cell-depleted mice . Boiopiciad oF cliclont e

binding to adhesion molecules on the
vascular endothelium £ E
IFN- and CD4* T cells activate macrophages = 3
to phagocytose intra-erythrocytic parasites 2 B
and free merozoites
Antibodies neutralize parasite Acuta phase Chronic phase  Acutephase Chroric phase
glycosylphosphatidylinositol and inhibit SRR £ NKC:coll-daplated mios
induction of the inflammatory cytokine —
cascade .
Antibodies mediate complement- g a:;
dependent lysis of extracellular gametes, : 7
and prevent fertilization of gametes and & &
the development of zygotes
Acute phase Chronis phase " Acute phase Chraric phass

MNature Reviews | Immunaology

Mary M. Stevenson & Eleanor M. Riley
Nature Reviews Immunology 4, 169-180 (March 2004)



FATAL DISEASE IN MALARIA INFECTION

Table 1 | Severe and fatal disease syndromes in malaria

Syndrome
Cerebbral malana

Placental malaria

Severs malanal anasmia

Metabolic acidosis

Shock-like syndrome
(systemic inflammatory-
response-like syndrome)

Clinical features

Sustained impaired consciousness, coma,
long-term neurclogical sequelae

Placental insufficiency, low birth weight,
premature delivery, loss of fetus

Pallor, lethargy, haemoglobin level of 4-6 g
per 10 ml

Respiratory distress, deep breathing
{Kussmaul breathing), hypovolaemia

Shock, haemodynamic changes, impaired
organ perfusion, disseminated intravascular
coagulation

Possible sequence or mechanism of disease

Cerebral parasite sequestration; bicactive GPI; pro-inflammatory

cytokine cascade; endothelial-cell activation; natural killer T-cell

activation; T ,1/T _2-cell balance; chemokine production;

monocyte, macrophage and neutrophil recrutment; platelet

and fibrincgen deposition; CD4+, CD8* and 6 T-cell involvemen;

:!‘I:N—T production; neurclogical metabolic derangements; possibly
ypoXia

Plasmodium falciparum EMP1-mediated binding to placental
endothelium and syncytiotrophoblast through chondroitin
sulphate A and hyaluronic acid; cytokine production; chemokine-
mediated recruitment and infiltration of monocytes; intravascular
macrophage differentiation

Erythropoietic suppression by toxins and cytokines; increased
RBC destruction, owing to parasitization, RBC alterations,
complement and immune complex or antigen deposition,
erythrophagocytosis, splenic hyperphagism, CD4+* T cells,

T,1/T, 2 cytokine balance (TNF and IFN-yversus IL-10)

Malecular mechanisms unknown. Possibly widespread parasite
sequestration; bioactive toxins; increased vascular permeability;
recluced tissue perfusion; anaemia; pulmonary airway obstruction;
hypoxia; increased host glycolysis; repressed gluconeogenesis.
Some overlap with shock-like syndrome

Bicactive toxins; T 1 cytokines; acute-phase reactants

EMP1, enthrocyte membrane protein 1; GPI, glycosyiphosphatidylinositel; IFN-y, interferon-y; IL-10, interleukin-10; RBC, red blood call; T, T helper; TNF, tumour-

recrosis factor,



VECTOR CONTROL

Vector control efforts range from basic bed nets, to
spraying insecticides externally and on house walls, to
more sophisticated “vector engineering” efforts to
produce malaria-resistant mosquitoes, among many
others

Math modeling of infectious spread has led to some
hypotheses about which of these methods are the most
effective (bed nets, house wall spraying) and which are
unlikely to be effective (releasing resistant mosquitoes)



MALARIA VACCINE TARGETS

o Three types of vaccines have
been proposed, with variations
in each group:

* Pre-erthyrocytic vaccines: the
only truly “sterilizing” protection, A THE CYCLE
but hard to generate enough PNy WITH VACCINES
antibody immunity (to prevent -
any infection) or CD8 immunity
(to clear every single infected
liver cell)

* Blood-stage vaccine: designed to
enhance clearance of infected red
blood cells, therapeutic but not
sterilizing

» Gametocyte vaccines: Potentially
strong antigen candidates and
immune complexes can be
carried to the mosquito—
“altruistic vaccine”




RTS,S VACCINE APPROVED FOR STAGE Il IN

INFANTS

The vaccine candidate
farthest along is RTS,S,
pre-erythrocytic vaccine
against the
circumsporozite protein

Mechanism is presumec
to be antibody, but
cellular responses have
been shown

Vaccine is adjuvanted
and protein is linked to
hepatitis B antigen

A According-to-Protocol Cohort

0.20 Rabies vaccine
5w P<0.001
£ 5 q
3 5 0.15
o=
&
g3 o0
E £ 0.05- el RTS,S/ASOLE vaccine
S 3 -
0.00 —elt—— T T T T T
3 6 9
RTS,5/AS01E vaccine 415 402 359 60
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0,004 ; . . . .
3 6 9
Months
RTS,S/ASOLE vaccine 447 420 405 291
i 447 418 387 273




RTSI S SHOWED MODEST N EMGL ) MEDSE}";E4 NMEJM.ORG DECEMEBER 13, 2012
EFFICACY IN INFANTS

‘ ORIGINAL ARTICLE

of MEDICINE

A Phase 3 Trial of RTS,S/AS01 Malaria
~30% efﬂcacy shown in Vaccine in African Infants

. The RTS,S Clinical Trials Partnership
latest trial

ABSTRACT

Generally viewed as
disappointing, but still ySe—
moving forward o
(previous trial had ~61% o]

efficacy, but was much

smaller and in a different

transmission area) ; LT

50+
Months since 14 Days after Dose 3

404 Control vaccine

304 T

20- RTS,S/AS01

Cumulative Incidence (%)

No. at Risk
RTS,S/AS01 3905 3692 3309 2845 1272
Control vaccine 2008 1747 1501 1294 600

Late 2013 results—47% efficacy in childrenovertonger follow up
2019—target rollout in 3 sub-Saharan countries for childhood vaccination
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CrossMark

Efficacy and safety of RTS,S/AS01 malaria vaccine with or
without a booster dose in infants and children in Africa: final
results of a phase 3, individually randomised, controlled trial

RTS,S Clinical Trials Partnership™ www.thelancet.com Published online April 24, 2015 http://dx.doi.org/10.1016/S0140-6736(15)60721-8

A Clinical malaria, R3C group B Clinical malaria, R3R group
Pinteraction=0-11 VE (95% CI) Pintersction= 009 VE (95% Cl)
Kilifi, Kenya e 560(375-815) e 746 (47-Bt087-6)
Korogwe, Tanzania 3 — 52.0 (26:2-68-8) | — = 468(184t0653)
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Lilongwe, Malawi L —— 335 (82-51-8) : — = 50-8 (31-4t064-7)
Agogo, Ghana | 311 (133-452) | — 432 (29-0t054-6)
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Siaya, Kenya § —— 202 (7-4-31-3) E —a— 378 (26-6t047-2)
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C severe malaria, R3C group D severe malaria, R3R group
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Kilifi, Kenya < 100-0 (-3800-0t0100-0) < 31(-7990.0t0987)
Korogwe, Tanzania . B— 834(369t0996) . » 66-6(-87-0t0967)
Manhica, Mazambique -0 77 (-139:3to64-9) . o 62:9(-25-3to91:4)
Lambaréné, Gabon E o 617 (-14-5t089-3) i —=— 77.0(16-4t095-8)
Bagamoyo, Tanzania " B 454 (-81-5t085.6) 4 m 781(59t0977)
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Figure 3: Vaccine efficacy against clinical and severe malaria by study site in the 5-17 months age category

VE against all episodes of clinical malaria (primary case definition) in (A) the R3C group and (B) the R3R group from month 0 to study end; and VE against severe
malaria (primary case definition) in (C) the R3C group and (D) the R3R group from month 0 to study end. Study sites are ordered from lowest (Kilifi) to highest (Siaya)
incidence of clinical malaria (secondary case definition) measured in control infants 6-12 weeks of age at enrolment during 12 months of follow-up. P, Nt
calculated for (C) or (D). Analyses were by modified intention to treat. Bars are 95% Cls. The size of each square is proportional to the number of participants enrolled at
each study site. The following numbers of children aged 5-17 months were enrolled by site for all three groups (R3R, R3C, and C3C) together: 600 in Kilifi, 912 in
Korogwe, 1002 in Manhica, 704 in Lambaréné, 903 in Bagamoyo, 800 in Lilongwe, 600 in Agogo, 1000 in Kombewa, 1002 in Kintampo, 600 in Nanoro, and 799 in
Siaya. R3C=RTS,5/AS01 primary schedule without booster. C3C=control group. R3R=RTS,S/AS01 primary schedule with booster. VE=vaccine efficacy.



MATH MODELING AND MALARIA

Transmission models have contributed substantially to
the understanding of malaria control

Within host modeling is crucial to determine the
potential efficacy of the three types of vaccine
candidates

The “threshold” effects of malaria infection (immunity
is helpful in endemic regions, but requires frequent low
grade re-infection) are particularly suited to a
quantitative approach



IMMUNE CONTROL OF MYCOBACTERIUM
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MYCOBACTERIUM TUBERCULOSIS (MTB)

Acid-fast, rod-shaped
bacillus
Unique wax-rich cell wall

composed of long chain
fatty acids and glycolipids

M. tuberculosis

H37Rv
250 genes dedicated to 4,411,529 bp

fatty-acid metabolism

Slow, 20 hour replication
time




MTB INFECTION WORLDWIDE

Y 1
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MTB IMPACT

2.2 million deaths/year

Burden of diseases in DALY (disability-adjusted life
years)

Total Disability Adjusted Life Years: 45 million (3.1%).
2 billion individuals infected with M. tuberculosis

10% risk of developing disease following infection
Untreated, disease mortality is 50%

8 million new tuberculosis cases per year (1 new case
every 4 seconds)

10—15 individuals infected annually by a single
untreated patient



MTB LIFE CYCLE

MTb replicates in and
accumulates in
macrophages, mostly in
the lung (though other
tissue sites are possible)

The accumulation of
infected macrophages,
surrounded by other
leukocytes forms a unique
structure called the
granuloma, the
characteristic feature of
MTb-associated lung
damage
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MTB LIFE CYCLE PART 2

Lymph nodes
Persisting mycobacteria
in primary wymph nodsa
lesions and in lesion-free
lymph nodes

M4\ Aggregation of

epithelioid cells

Foamy

A ian multinucleated ] , : maﬂmpham . . » _.-'r- . : : .':: . Fﬂst-pﬂmarf
cell (Langhans type) l 3o 1 o, ! o ] S 1

Firm caseous core
inhibiting bacterial growth

Persisting mycobacteria
in lesion-free tissue

Cavitating lesion

Nature Reviews | Microbiology




INNATE RECOGNITION OF MTB

Mycobacterlal ligands ]
Awrulent ¢ Mannose

mycobacteria Receptor

Dectin-1 TLR2TLR1/6 TLR4 l,

ICD14 pDC-SIGN

Immune suppression
(I1L-10)

Sput

4

TLR2 TLR1/6

Wt

NOD2

"K\’Qﬂ’

Mtb
M. paratbc

Cooperatlon T '

Inflammatory cytokine
responses

(TNF-o, IL-6, IL-12, etc)




ACTIVATION OF CYTOKINE

STORM

Macrophages do respond to
the infection, even if they fail
to clear

Recruitment of other
monocyte/macrophages/infl
ammatory cells to the lesion,
promoting granuloma
formation and enhancement
of cytokine signaling

Eventually recruits adaptive
response which acts through
“traditional” cell-mediated
clearance and regulation of
macrophage effector
function
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ENDOSOMAL/LYSOSOMAL DYSREGULATION

After uptake by scavenger ey
receptors, MTb arrests the Crowsors | ore® l.
maturation and fusion of ¢’ -

the phagosome with the Q“x\_______.
endosome I

§ plmnmm

~ TACO l \|

Transferrin | Fe
receplor ——( pHB.5/ Blockade of
endosome/

L#.MP1 9 / phagosome fusion

Highly activated
macrophages (IFN-g
stimulation) can complete
maturation and destroy the )&/ e 445
bacteria—otherwise, the \ )phagmmef /
bacteria remain latent or
can grow -

Nature Reviews | Immunclogy



INITIATION OF THE ADAPTIVE RESPONSE

© The cytokine storm initaited
by the innate response
determines the character of
the ensuing adaptive
response

© Non-classical T cells
(gamma-delta, CD1
restricted) play an
important role in MTb
control, but are not
conserved between humans
and mice, making their
study difficult (one reason
why guinea pigs are often
used in MTb studies)

© Both CD4 and CD8 functions
(cytokine regulation and
direct cell clearance) are
associated with protection etrs Foviews | Fmmunoiony

from disease .




b Signals through
CD28 and/or ICOS
e

MNaive CO4* Teell

IL-17-producing T, cell

Caopyright & 2006 Nature Publishing Group
MNature Reviews | Immunology




GENERATION OF ANTIGEN-SPECIFIC REGULATORY T
CELLS

Periphery




T CELL REGULATION OF MACROPHAGE EFFECTOR
FUNCTION e e ol

4 [IFNy Yo W
The balance of regulatory [1an_.¢ qu P
vs. effector signals (and the ‘@ )- >3 @) oopries T
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|L-10 REGULATION OF LUNG PATHOLOGY

IL-10 has been shown in
multiple infections to be
a key regulatory of
pathology

In influenza, IL-10
produced by multiple cell
types is required for
survival in certain models
of infection

The pleiotropic effects of
this cytokine are still
poorly understood at a
mechanistic level

Foxp3
IL-107

Foxp3* Thettt  Effector
IL-107 ] e IFN-y+ CD8' T cell
IL-107
nlreg i <_ _/ IL-10
GATA-3* o
Foxp3™ Memory
IL-4 CD8* T cell

IL-10
Th2 CD4* cell T-bett
IFN-*
T-bet* IL-10

Foxp3~

IFN-y' @
g:jll;1ﬂ'
Th1 CD4* cell  ?
o (@
IL17A*

IL-10* Jhiv
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SUMMARY OF CONTROL MECHANISMS

Phagolysosomal destruction
is the most important
mechanism for removing
bacteria

IFNg stimulates the
maturation of the
phagolysosome, overcoming

ﬂﬁTCR""
Class II"

Class "

the inhibitory signals used by
MTb

The most effective form of
this killing involves ROl and
RNI

WT + 45"

—— LOG MTB —»

Adaptive immunity is

important for regulating the SWEEKS ~ —— TIME —» 52 WEEKS

cytokine environment and, to
a smaller extent, for cytolytic
killing



HUMAN GENETIC DEFICIENCIES

The primary phenotype

of individuals with ~ Mycobacterium and IFN-y Virus and IFN-/p
genetics deficiencies i 59 b g g
IFN-g Signaling or IFNGR1 TLRZ

activation s IFNGR2 UNC93B1

susceptibility to IL12B

Mycobacterial disease IL12RB1

In contrast, deficiencie
in Type I IFNs result in
viral susceptibilities



SUMMARY AND PERSPECTIVES

MTb is never completely cleared following initial
infection

The primary effector mechanisms are macrophage
bactericidal functions, but their success is determined
by the cytokine and cellular regulatory environment

Small subtle shifts over time or dramatic short-term
changes lead to reactivation and disease
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THE BURDEN OF HELMINTH INFECTIONS

After malaria,
helminths represent
the biggest DALY-
impact of a parasitic
infection in human
populations

Multiple life cycles
drive distinct
pathological
outcomes

Schistosoma mansoni
= 200 million infected
Echinococcus, Taenia spo
>100 million infecied

Brugia malayi
Onchocerca volvulus
Wucheraria bancroffi

» : - Ancyiostoma duodenale
157 miillion infected

Neclor americanus
. 976 milion infecled

Ascarnis lumbncoides
=1 billion infected Trichinella spirafis

Irichuns tnchiura

=600 million infected




SCHISTOSOMA LIFE CYCLE

ODPDx Schistosoma spp.

Free-swimming

cercariae released @ Cercariae
from snail into water penetrate skin

o Cercariae lose tails during
penetration and become
schistosomulae

o Circulation

o Migration to portal blood
in liver and maturation
into adults

Sporocysts develop
in snail (successive
generations)

&

Miracidia penetrate
snail tissue

@ Egos shed from
infected human:

in feces

e Eggs hatch and
release miracidia

@ Paired adult worms migrate to:

A | Mesenteric venules of bowel/rectum
. S (laying eggs that circulate to the
P liver and shed in stools)
@ Infective stage . mansoni (A c
- : Venous plexus of bladder; eggs shed
Diagnostic stage C inurine



HOOKWORM LIFE CYCLES
ODPDX Intestinal Hookworm

Filariform larva ’Q\
penetrates skin

Development to
filariform larva in
enviornment

Larvae exit circulation
in the lungs; they are
then coughed up and
swallowed.

Rhabditiform larva
hatches

'@.\ Infective stage
5 Diagnostic stage

Ancylostoma spp. larvae
can become developmentally
arrested and dormant in tissues.

Re-activated larvae may enter
3 the small intestine.
1
[ ]

[y 1
Ancylostoma  Ancylostoma  Necator
duodenale  ceylanicum  americanus




TAENIA LIFE CYCLE

ﬂﬂnmmms develop
into cysticerc in muscle
= o Humans mfected by ingesting
raw or undercooked infected meal

Oncospheres hatch,
panatrate intestinal
wall, and circulate
1o musculature

T saginata T, solum

o7 §7

Scolex attaches 1o intestine

Cattle (T. saginata) and pigs {T. salivm)
become infecled by ingesting vegelation
contaminated by eggs or gravid proglottids

A= Infective Stage
ﬂ= Diagnostic Stage

Eggs or gravid progloftids in fecas lulln-nlm.'mll:ltmul.'
and passed into environment




INNATE SIGNALING IN RESPONSE TO HELMINTH-
DERIVED PRODUCTS
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LOCAL TISSUE INDUCTION OF REGULATORY
RESPONSES

CD4 effactor
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IL-13 /I\
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https://www.nature.com/mi

HELMINTH INTERACTION WITH THE MICROBIOME

Small intestine . Colon

Microbiome
components and _
helminths likely Lumen I
co-evolved

0 Clostridia

Mucus

Similar effector

and host Epitelun

manipulation

pathways F— . %G h T
Immune Tar 3R 3 il TFL“; "a e -
tolerance vs. ‘ \‘ .
immune cor Teats © O e CD4* T cells
resistance

J Immunol November 1,
2015, 195 (9) 4059-4066; DOI:
https://doi.org/10.4049/iimmunol.1501432



THE TH2 RESPONSE IS THE MAIN EFFECTOR OF
HELMINTH CLEARANCE
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EFFECTOR MECHANISMS FOR HELMINTH DAMAGE

AND CLEARANCE

CD4 T cell orchestrate
the response against
helminths

Th2 responses
involve multiple
effector mechanisms,
not all fully
understood

Cell based an
mechanical
disruptions lead to
worm death and
explusion

Mesenteric
lymph node
\i s
NT' .
RS
AN
O
Intestinal
submucosa
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Intestinal 7~ 3
lumen
Ingestion of

stage 3 larvae

T2 celt
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Plasma cell

IL-4, IL-13,
IL-9 and IL-5

Activated effectorcells | \________________
traffic to site of
parasite invasion

T, 2-type response

IL-13 '
Changes in intestinal physiology:
* Increased gut contractility

« Increased luminal fluid flow

=
hy

:f ]
Parasite stress 4-"‘/

Intestinal
epithelial cell

In secondary infection,
adult worms expelled
from gut within 14 days

Adult worm




SOME EVIDENCE FOR PROTECTIVE IMMUNITY
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IgE levels correlate with egg burdens and rates of re-
infection


https://doi.org/10.1371/journal.pntd.0003059

CONCLUSIONS/DISCUSSION POINTS

Parasitic helminths represent a major evolutionary
burden on human development

An entire arm of the immune response is dedicated to
response to worm infections, but in many populations it
fails to be engaged

Evolutionary "assumption” may have led to increases of
atopic conditions, such as allergy, resulting from lack of
helminth targets



	Complex Pathogens, Helminths and Immunology
	Malaria Prevalence
	Malaria life cycle
	Immune Responses mediate plasmodium pathology
	Typical “Th1-Type” immunity contributes to malaria protection and pathology
	Immune mechanisms to control malaria
	Fatal Disease in malaria infection
	Vector Control
	Malaria Vaccine Targets
	RTS,S Vaccine Approved for Stage III in Infants
	RTS,S showed modest efficacy in infants
	Slide Number 12
	Math Modeling and Malaria
	Immune Control of Mycobacterium  tuberculosis
	Mycobacterium Tuberculosis (Mtb)
	Mtb infection Worldwide
	Mtb impact
	Mtb Life Cycle
	Mtb Life Cycle Part 2
	Innate Recognition of Mtb
	Activation of Cytokine Storm
	Endosomal/Lysosomal Dysregulation
	Initiation of the Adaptive Response
	Slide Number 24
	Generation of Antigen-Specific Regulatory T cells
	T cell regulation of Macrophage effector Function
	IL-10 regulation of lung pathology
	Control of Mtb
	Summary of Control mechanisms
	Human Genetic Deficiencies
	Summary and Perspectives
	The Burden of Helminth Infections
	Schistosoma Life Cycle
	Hookworm Life Cycles
	Taenia Life cycle
	Innate signaling in response to helminth-derived products
	Slide Number 37
	Local Tissue induction of regulatory responses
	Helminth Interaction with the Microbiome
	The Th2 response is the main effector of Helminth clearance
	Effector Mechanisms for Helminth Damage and Clearance
	Some Evidence for Protective Immunity
	Conclusions/Discussion Points

