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Le sporozoite et plus encore le mérozoite sont nus (donc exposés, immunologiqguement visibles) mais « furtifs »
En nombre et en durée de présence extracellulaire
Les formes intra-érythrocytaires sont ... intra-érythrocytaires

Les formes asexuées jeunes (anneaux ou rings) et sexuées matures (gamétocytes circulants)
sont probablement immunologiquement furtifs

Les formes asexuées matures exposent des antigenes a la surface de leur cellule hote

Une part probablement prédominante de la réponse innée et adaptative est dirigée contre des antigénes relargués (hémozoine, ...)
n’ayant aucun impact en termes de contréle de la croissance parasitaire (écran de fumée)
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SIDELIGHTS ON MALARIA IN MAN OBTAINED BY
SUBINOCULATION EXPERIMENTS.

BY

CHarr 8. .
SUBINOCULATIONS FOLLOWING MIXED INFECTION. (P. falciparum anNp P. vivax).

PRI 1213045 ]16]17]18]192021 132 1.%
Brigadier N. HAMILTON FAIRLEY, C.B.E., F.RS., et al* AUS - 1

(From the Land Headquarters. Medical Research Unit (4.1.F.), Cairns, Australia). F. e —— PATIENT: GH FULL TREATMENT
107 - - BT
o8 £ g, MT § BT MALARIA (sporozoire-Transmission)] , BT, o
104 ,‘é_"-ﬂ SUBINGEULATION 200cCs BLOGD
:8% gg FUBINOCULATION 200CCs 8L000
101 N
100
99
28 T
97
96

Subinoculation results in volunteer G.H. receiving ten infective bites (P. falciparum) and
ten infective bites (P. wivax) on zero day. Recipient W.T.H., transfused with-blood
from donor G.H. collected on the 8th day, developed M.T. malaria only : recipient D.L.F.,
transfused with blood from donor G.H. collected on the 10th day, developed both M.T,
and B.T. malaria. The donor received atebrin 0-1 grammes daily for 10 days following

infection ; prior to exposure he had received 0-4 grammes daily for 4 days.
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Typical evolution of a first infection in a (non immune) human subjects

Part 1

Mechanical
retention of
ring-infected RBC

L
-

-

-

Part 2
Stiffening mature gametocytes to interrupt transmission

-
.
o
-
L

e
.
.

-

.

-

Pa Chronic
clearance L asymptomatic
recovery . carriage
Part 3

Pitting of artesunate-exposed ring-infected RBC
Parasite clearance Delayed anemia (PADH)

Days post-infection

Nilsson SK, et al. 2015. PLOS Pathogens 11:e1004871.



L’hypothése intégre bien
la notion d’une
atténuation progressive
des pics de parasitémie,
potentiellement due a
I’émergence d’une
réponse progressivement
efficace contre des

antigenes peu variants
(Pérignon et Druilhe 2000)
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Questions & paradoxes

Une multiplication intrinseque rapide est indispensable (et peu néfaste) en
cas d’infection de sujets immuns

Une multiplication intrinseque rapide peut étre néfaste chez le sujet naif

Un mécanisme inné de controle tres efficace confere un avantage sélectif a
I’"hote et indirectement au parasite, sauf s’il persiste chz les immuns.



e Le contrble adaptatif n’est par essence pas stable, méme si il dépend
de I'environnement

* |Intuitivement le controle inné est considéré comme stable

e en réalité s ’il est couteux il serait avantageux gu’il diminue des lors
gue le contrbole adaptatif est en place



in the peripheral blood. .All volunteers who did not receive treatment on the
17th or 18th day after exposure showed clinical evidence of hyperinfection,
either incipient cerebral malaria or characteristic clinical features of an advanced
septicaemia with rapid drop in haemoglobin values.

It was evident that in these heavy malignant tertian infections in volunteers,
anti-malaria treatment could not be withheld later than the 19th day after the
inoculation of sporozoites without endangering life. Hyperinfection, with or
without cerebral malaria, would develop and death would take place from the
21st day of the infection onwards (Chart 7).

No volunteer at Cairns died from malaria despite the intensity of the
infections and the large number of volunteers experimentally infected. This
was due to continuity of clinical observation from the commencement of the
infection and repeated examination of blood films for parasites ; in the heavier
infections blood smears were sometimes searched two or three times daily.
These results show that if treated in time, falciparum malaria in otherwise
healthy people should not end fatally. Once hyperinfection is established,
however, the prognosis becomes uncertain and any delay in therapy may lead
to death owing to alarmingly rapid increase in parasite density and tissue anoxia,
resulting from blockage of capillaries and small vessels with parasitized cells.



SIDELIGHTS ON MALARIA IN MAN OBTAINED BY
SUBINOCULATION EXPERIMENTS. TanLe VIL

BY GROUP C CONTROLS.* SUBINOCULATIONS PERFORMED DURING THE FIRST 9 DAYS AFTER EXPOSURE OF
Brigadier N. HAMILTON FAIRLEY, C.B.E., F.RS., ef al.*® THE DONOR TO INFECTIVE MOSQUITOES (P. falciparum). SINGLE EXPOSURE ON DAY 0.

(From the Land Headgquarters. Medical Research Unit (A.1.F.), Cairns, Australia). i n
Donor. ! Subinoculation. | Recipient.
| |
First Result. i First
Number | parasitesin | Time Volume , parasites in
of thick blood | after in Positive ‘ thick blood
Name. | infective films ‘ biting c.c. (+). I films
bites. (days after | ceased Negative | (days after
infection). ‘ (days/hrs.). (0). ‘i receiving blood).
| [}
Stw. 12 9 S | 500 (e} 0
Aus. 12 11 2 500 (@] 0
Tre. 7 11 3 500 0] 0
Fis. 8 10 , 4 200 (@) 0
Bak. 100 8 | 418 500 0o 0
Ken. 20 7 5 500 (0] 0
Cro. 20 8 5/16 200 0 )
Rim. 19 7 5/16 200 (e} 0
Bak. 100 8 5/16 500 0 0
Fis. 8 10 . 520 200 o 0
o’D. 20 (15) 6 500 6} 0
Bly. 19 9 [} 500 (0] 0
Cro. 20 8 6/16 200 + | 4
Rim. 19 7 6/16 200 + | 4
Rob. 20 6/18 20 + 7
Rim. 19 7 | 7/16 200 + ‘ 4
Stv. 7 11 © 814 200 + 5
{ i

* No treatment was given to any of these volunteers until overt malaria had developed, except
Rob. who received paludrine on the 7th day after exposure.



P. falciparum MALARIA.
EXPOSURE OF DONORS TO INFECTIVE MOSQUITOES.

TaBLE VI,

SUBINOCULATIONS PERFORMED DURING THE FIRST 2 HOURS AFTER
SINGLE EXPOSURE ON DAY 0.

Donor. i Subinoculation. Recipient.
| l ! First
! Duration First [ Result. | parasites in
| Number of parasites in | Minutes | Vol- thick blood
Name. of biting thick blood after ume Positive films
infective in films biting in (+). (days after
bites. minutes. | (days after ceased. c.c. | Negative receiving
infection). (0). blood).
Stw, 12 5-8 9 during 500 (0] 0
biting
Bri. 18 8 - during 500 -+ 11
| bitin

Aus. 12 5-8 11 5 T 500 + 13
Stu. 16 15 10 10 500 O 0
Tre. i 7 11 15 500 O 0
McD. 14 13 b 18 160 + . 14
Stv. 7 10 11 20 500 (8] 0
Ash. 24 8 9 60 500 + 12
Jac. 18 8 8 60 500 (o] 0
O’D. 20 6 (15)* 120 500 O 0

* Given paludrine before the development of demonstrable parasites.

The primary attacks of malaria in the positive' recipients did not differ
significantly from those of the donors beyond showing a longer incubation
period. P. falciparum were demonstrated in the blood of donors between the
8th and 11th days after exposure, and between the 11th and 14th days after
the recipients received their inocula,
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Atypical clinical syndrome in a recipient following a direct transfusion of 500 c.c. of blood
made 2 hours after the donor had becn bitten by 20 infected mosquitoes (P. falciparum).
The donor developed overt malaria and parasites 15 days after exposure.



TasLe VII

GROUP C CONTROLS.* SUBINOCULATIONS PERFORMED DURING THE FIRST 9 DAYS AFTER EXPOSURE OF
THE DONOR TO INFECTIVE MOSQUITOES (P. falciparum). SINGLE EXPOSURE ON DAY 0.

| !
Donor. ! Subinoculation. ‘ Recipient.
1
First Result. ‘ First
Number | parasites in | Time Volume | parasites in
of thick blood |  after in Positive 1 thick blood
Name. infective films biting c.c. (+). | films
bites. (days after ceased Negative | (days after
infection). | (days/hrs.). (0). i receiving blood).
)
Stw, 12 9 1 500 (o] 0
Aus. 12 11 2 500 o] 0
Tre. 7 1l 3 500 (0] 0
Fis. 8 10 4 200 O 1]
Bak. 100 8 4/16 500 (o] 0
Ken. 20 7 5 500 (e} 0
Cro. 20 8 | 5/16 200 o ‘o
Rim. 19 7 5/16 200 (8] 0
Bak. 100 8 5/16 500 (o] 1]
Fis. 8 10 1 5/20 200 (0] 0
O’'D. 20 (15) 6 500 o 0
Bly. 19 ° | 6 500 o 0
Cro. 20 8 | ene 200 + 4
Rim. 19 7 6/16 200 + 4
Rob. 20 | 6/18 20 + 7
Rim. 19 7 | 716 200 + 4
Stv. 7 11 : 8/14 200 + ‘ b

* No treatment was given to any of these volunteers until overt malaria had developed, except

Rob. who received paludrine on the 7th day after exposure.




Questions & paradoxes

Une multiplication intrinseque rapide est indispensable (et peu néfaste) en
cas d’infection de sujets immuns

Une multiplication intrinseque rapide peut étre néfaste chez le sujet naif

Un mécanisme inné de controle tres efficace confere un avantage sélectif a
I’"hote et indirectement au parasite, sauf s’il persiste chz les immuns.



e Le contrble adaptatif n’est par essence pas stable, méme si il dépend
de I'environnement

* |Intuitivement le controle inné est considéré comme stable

e en réalité s ’il est couteux il serait avantageux gu’il diminue des lors
gue le contrbole adaptatif est en place
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Cerebral malaria associated with

rapid evolution (3-4 days of fever)
Bruneel 05, Giha 08

high parasite loads
Giha 05, Dondorp 08

no splenomegaly

Giha 08

Severe malarial anemia associated with

. relatively slow evolution (7 days of fever)
Giha 08, Sowunmi 09

. relatively low parasite loads
Giha 08, Sowunmi 09

. splenomegaly

Looareesuwan 87, Price 01, Giha 08, Sowunmi 09

Reyburn et al. JAMA 05

Malaria first infection is

more frequently severe
more frequently fatal

in adults than in children

Bastien 85, Baird 98, Muhlberger 03,
Dondorp 08, Legros 09

Price et al. AITMH 01
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What about the « general » population ?

White N, Chapman D, Watt G. The effects of mutltiplication and synchronicity on the vascular distribution of
parasites in falciparum malaria. Trans R Soc Trop Med Hyg 1992;86(6):590



Fig 1B

Point # on Panel A 1 2 3 4
O O O ()

In vivo multiplication factor X 6 X6 X 24 X 24

(IMF)

Ring retention rate 80% 80% 20% 20%

Parasitemia 1% 4% 1% 10%

Days with fever 6 7 3 4

Spleen volume 380% 1100% 117% 270%

Corresponding Hackett grade 2-3 4-5 0 0-1

Hb (g/dl) 7.8 3.5 9.2 8.3
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Malaria : Need to integrate the splenic factor

High parasite burden Elongation index

Parasite biomass
(geomeiric mean, 95% CT)

1012 |

1DIl d

of circulating RBC
- @
I & |

Dondorp et al. PLoS Medicine
2005;2(8):e204
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Dondorp 97, 99
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