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Prokaryote
An organism lacking a true nucleus, such as a bacteria (cf eukaryote)
Eukaryote

An organism whose cells contain a true nucleus.



sporozoites

Definitive host

The host in which the sexual
reproduction of a parasite takes
place

Complex life cycle

A parasite that requires multiple
different host species to complete its
life cycle.



Plasmodium falciparum Life Cycle

A Mosquito stage: Sporozoites
A Human liver stage: Sporozoites
. A Human blood stage: Merozoites
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Direct and indirect immunosuppression by a malaria
parasite in its mosquito vector
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Malsria parasites develop & oocysts within the bsemocoe] of ther mosgquato vector dunng o persod that
& longer then the average lifespan of many of thelr vectors, How can they escape fram e mosquite™s
mmmune responses during their bong development? Whereas odder oocysts might camouflage themselves
by incorporating mesquito-derived proteins into their surface capsube, younger stages are suscepiible m
the mesguite’s immune response and must rely on other methods of mmune evasion. We show that the
mnalarna paragite Maoowodrunr pallingecun suppiemes (e encapaulation immmune response ol 15 mosguite
wector, Asdes segypa, and in particular thar the paresite uses both an indisecr and a disect sieanegy for
immunosuppression. Thus, when we fed mosquitoes with the plasma of infecred chickens, the efficacy of
the mosquitoes o encapsulate negaiively charged Sephadex beads was considernbly reduced, whether the
parasite was present in the blood meal or not. In addition, sygotes that were coeated ex orve and added
o the bleod of uninfected chickens reduced the efficacy of the encapsulanion respoise, A desd sygnies
had no effect on encepsulation, this resulr demonstrares active suppression of the mosquits’s immune

respanse by malaria parasites.

Keywords: immunosuppeession; insect immunicy; malana; Aede aegypo Plasmodias gallivaco

1. INTRODUCTION
Although malaris parasiies wse @ vanery of srategies oo
escape  their  wvertebraze  host's  immume  response

[Zambraro-Villa o ai. 20025, analogous strategies m their
misaite veedor have nod yel been idendified, In a frs
amempl & descrhing thye inflluenos of makisa parasites on
the efficacy of rthe mosquite's immune response, we
recently showed thar the immune encapsulation response
of the mosquite dedes gopper is less cMectve alter a blood
mical infected with madaria parmites, in parocular a0 the
nme when the parasite has developed into che ookinete ar
carly oocyst (Bodee o @l 20025, As these are the smges
that are meosf sensitive to the mosguite’s encapsalation
rispanse [(Collins o af. 1986; Vaughan af . 1902; Gou-
agnd ot ol V99R), the reduced efficacy ol encapsulsrsan i
infecred mesquitoes could be the resulr of the parasiee’s
aClive sirabegy o suppress the mosquite’s immune
respanse. Alternatively, it could be 8 consequence of the
parazle™s elfect on the quality of the Blood m e vertcbrate
hast, &5 the immunacemperence of mosquitoes depends
on a sufficient blood meal (Chun e @l 1995%; Schware &
Koella 2002).

Thus, malatia parasiics may indréase their survival in
the mosquito Bos indirecly, by reducing the bload gualiy
of their vertebrate boss, or direcily, by acuvely suppressing

* Awgsar fr cormgpradance (koslbsEar auieu fr)
, D

# Prescne addrcis: Lab af of Flamt
Scences, PO Bow 2031, Banneahaven 7. &700 Wagenmgen, The
Nutherands, and Joine Malana Programme KCMC, 1N Box 7278,

Marshi, Kikmanses, Tanzano
& Presen addeess: Laborseine dEmmomelolle Midicake, Insivar Pasieor
da Didear, 36 Avenua Fasieur AP 220, Dakar, Sesegal

Proc. R Soc. Lawd B (2004 170, 1810-1&15
DL T R ph. 200, 2782

lal

the mosquata”s immune respense. To distinguish between
these possibdlities and thus o determine whether the
parasite  actively suppresses the mosquite’s immune
response, we measured the mosquito’s encopsulation
respanse with an expenmental design emabling us to
exdarine melependantly the direct elfect ol the parasite and
the indirecy effect of infected blood.

2. MATERIAL AND METHODS

We used Floncdiew galmaceuos steiie BA, o8 vedior Ao
avgpn and the domestic rece of B natursd hos, 3-4-week-old
white leghorm chickens [Falur galie domesicw), The chickens
wory maintaaned scronding bo European Union guidslines, The
coliny of e, sappt win derived fros 3 nataral Sencgilos
population in 1999 and mainained with & populacion size of
several hundred females in each generstion in an amempe o
mamiain genetic diversty ai & level close to ghat of the nataral
population, For the ex "
limre chisnber saimtesnead ar 28 £ 0.5 "0 and 70 £ 5% relative
Tumsdiny wich & 12 L : 12 [ cycle. We barched several dwousend
larvae symchronously by flooding eges under reduced pressare
for 20 min, added the larvae 0 1] of deminemlized waier i a
plastic pan and led then with & tedend asmount ol fud Tetrs-
Min [day 12 0.04 mp per leve, diy 2: 0008 mg per larva; day 3
0.12mg per larva; day 4: 0.24 mg per lapo; day 3, 7, 9, .
(.48 mg per larva)

The experiment was rup in thees replicates (emd we comirolled
For the differences senong neplicates in all seatbuical analyses, se:
below). In each replicars, we used three chickens, of whach we
mfected two with an intravencos ingection of 0% mi of infected
Hlood {ea. 15% parasitaemia). In cach replicate, we Hed cne of
ihe infected chickens &day alter mfection o obean infaoed

were resred moa
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The malaria parasite, Plasmodium falciparum,
increases the frequency of multiple feeding of
its mosquito vector, Anopheles gambiae

Jacob €. Koella®', Flemming L. Sorensen and K. A. Anderson
Departoseat of Soodogy, Disivensity of davkus, Debsersitepedben 8005, DR800 dhur &, Denvark

1t has ofien boen sugpesnd that vecor-bome parsies alier their vecars leading behavioer i incress
their ransmission, but these claims are often based on laborawry stadies and lack rigorous testing in &
narural situation. We show in this Geld study thar the mealaria parasive, Flandion falvdgoms, aliers the
loec-feveling biebaviomr of its mersequite voctor, Anaphaler gavobras 04, in twe wans First, mosguaitnes infiocted
with sporowoiies, the parasice stage that = transmitted from the mosgquito o a human, sook up langer blood
meeals than uninfecied mosquines. Whereas 2% of the uninfecied mosquitoes had obeained a full blood
menl, B2 % ol the infected ones had engorged folly. Second, nsecuitces harhouring sposoeaites were moge
likeely 1 Bt several prople per nighs, Twenry-two per oot ol the infeced moquinees, b oy 10%, of the

uminferted mosgaitoes, comtained bioosd from as least ban peny

. Wiie

Awche that the observed changes in

I
bl -ferding behaviour alknw the parasite 1o spread more rapidly among human hosis, and thes confinm
that the parasite manipulaces che mosguite to increase its own rarsemission

Keywords: Anagheles grmbiar; Mlassedvm Sinpewn; makaria life cycle; blood feeding: behavioural

manipulation; transmission succes

1. INTRODUCTION

A the rane ol Ursnam ssicn ol vertor-harme parasies i
emed by the bating rabe of the vectar, cvolsdion shoukd
favour parasites with the ahility o manipalate the hiting
behaviowr of their vecror hoses. Not ondy will an increase in
Ltnlsg rare bring with i & proparisanal increase in the para-
aite's branamzsion o, i will sk hiae spacdaminlogiesl
conseguences, In particolar, moreasing the biting rage will
lead o a decrease in the size of the vecior population
required 10 sustain the parasite [Dobson 19880), thus
making the pursste more dall

Several surdfies support the idea that parasites do indeod
imcrease the hiting rate of their veciors. A commaon
mwechanism appears o be that the parasive inpairs ihe
weetar's abiliny so obain o fall Bocd meal and thepefore
imluces the weeioe i bite several times before it s Gally
engurged, Lashmavis-infecied zamdfies, for example; have
difficulry civaining a full hlood meal, profably becaws ibe
blood flow through the forega is impaired | Jefleries of ai.
1986). Theselore, infecied sandibes probe more often than
wnlederted i and, as the probung bs nfectious, several
Bieests cam b infected by ooe By (Beach of o, 905, The
plague bacterium Yersivis pestis, transmiteed by the tropical
rat flea Newagswlle chespic, hlocks the proveniriculus of the
Ben and causes regargitarion when the lea is blood feeding
iBacar & Marun WM Trypamsoises can allea he
recrptine sensills of fheir ssctse fy hosts, s that
imlzeted #lics probe more froquently than aninfected fie

Lo eradicale.

e
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[ Jenmi & ol 156 Roberts 1961). As parasites are frequesly
trassmitted during probing, wansmission is likely s be
seil. Hiwever, not &ll experin 5 have Tnueel thess
behmviomral changes | Moloa FIRY Meloo & Dar FHGL
The mosi detailed siudies of aliered feeding behaviour
mediated by parasiies have been done with the malaria
system, where sporozcites of the parasite Mornsdism galiao-
drum lorer the agneiiss actively an the salivary plasels of
infecdid Apder avgih, As a result, an inlicted mosgmite’s
ahility i locate blood i impaired, amd it probes for a
longer time than an uninfected individual {Rossigmal & ai.
1984). In the laboramey, P flcghenun spormsnie in nale-
rally inliscted  dvopbeles gamebfar increass not onky the
duration of probing, bt also the mumber of probes and the
likelihcao that the mosquitnes will begin w probe [Wekesa
a al, 1992], These laboraiory siudies on alrered eding
behavious are complersentad by & sy in a natural
setiimg, where A puvcnfater infecied with # falsagarm or
# vizgx obtained a full Wood meal earlier in the night than
uminfected mosquitoes (Roella & Packer 1996). Possible
incerpretations of this cbeervation are that infected mosqui-
tee=i are b [kely o invesrapt thedr feading when they are
disturbeed, or that they are more likely to resume their
feeding il they have been interrupted.

Howewer, it & not clear wheiher the incremsed bivisg
Trequency suggested by these soudies translares s ineresed
transmezsion of (e parasites. Fies, sl e Kodla &
Packer's study were labaratory based, amd were condscted
parily with unmatural bot-parasite systems and anaes-
thetized keets (Rossignel o of. 1984; Wekesa ef af, 1997
Secomd, demosstrating 2 higher number of bives is nm
sulficient 1o conchede enbanced transmissson. Inoreased
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Malaria Infection Increases
Attractiveness of Humans to

Mosquitoes
Lacroix, et. al. 2005. PLoS Biology

3 types of children:

1. Uninfected

2. Infected w/asexual stage
3. Infected w/gametocytes



