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-­‐	
  PART	
  1	
  -­‐

What	
  is	
  avian	
  malaria?



Ronald Ross (1898)
Transmission by mosquitoes

Male-aria = bad air
Alphonse Laveran (1880)
Discovers Plasmodium

1940’s

Malaria	
  parasites



Ceratopogonidae

Culicidae

Simulidae

Plasmodiidae	
  
Plasmodium	
  (40	
  morphosp	
  /	
  290	
  cyt-­‐b	
  lineages)

Haemoproteidae
(Para)Haemoproteus	
  (74/436)

Leucocytozoidae
Leucocytozoon	
  (11/158)

Avian	
  malaria	
  parasites	
  (Haemosporidia)

Hippoboscidae



•	
  >	
  40	
  Plasmodium	
  morphospecies
(290	
  cyt-­‐b	
  lineages)

•	
  Plasmodium	
  relictum	
  (9	
  cyt-­‐b	
  lineages)

•	
  SGS1	
  most	
  common	
  P.	
  relictum	
  lineage	
  in
Europe	
  (46	
  different	
  hosts,	
  14	
  families	
  of
Passeriformes)

Mol Ecol Res 2009

Avian	
  malaria/haemosporidia
(WoS	
  2012-­‐5-­‐30)

Avian	
  malaria:	
  molecular	
  approach	
  



Martisen et al. 2008 Mol Phylogen Evol
3-genome phylogeny with 4 markers (2 mit, 1 apicompl, 1 nucl)
(outgroup = Leucocytozoon) / major clades associated with vector
shifts + other ‘traditional’ characteristics

Outlaw & Ricklefs 2011 PNAS
Outgroup-free phylogenetic recontruction using relaxed molecular clock
with uncorrelated rates

Avian	
  malaria	
  -­‐	
  PhylogeneKc	
  relaKonships

•	
  Huge	
  diversity	
  of	
  avian	
  haemosporidia,
influenced	
  by	
  vector,	
  host,	
  ecology…

•	
  Promising	
  model	
  to	
  inves:gate	
  host-­‐parasite
interac:ons	
  in	
  the	
  wild,	
  coevolu:onary
processes	
  and	
  parasite-­‐mediated	
  effects	
  on
host	
  life	
  histories
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Malaria:	
  the	
  life	
  cycle	
  of	
  Plasmodium	
  relictum	
  

Valkiunas	
  2005
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Infec:ous	
  diseases:	
  to	
  set	
  efficient	
  public	
  health/veterinary	
  policies,	
  need	
  a
beger	
  understanding	
  of	
  the	
  factors	
  affec:ng	
  their	
  spread

Models	
  and	
  predic:ons	
  of	
  epidemics
>>	
  Accurate	
  es:ma:on	
  of	
  the	
  parameters

Epidemiology	
  of	
  vector-­‐borne	
  pathogens

malaria West	
  Nile

chikungunya	
  (?)



R0	
  =
	
  m	
  VC	
  

r VC	
  =
	
  au	
  ai	
  b	
  c	
  e-­‐gn

g

density	
  of	
  vectors vectorial	
  capacity

dura:on	
  of	
  infec:on
in	
  the	
  host

Quan:ta:ve	
  effects
Qualita:ve	
  effects

mosquito	
  behaviour
(bi:ng	
  rate)

mosquito	
  suscep:bility

mosquito	
  infec:ousness

length	
  sporogonic	
  cycle

mosquito	
  mortality
(1/g	
  longevity)

>>	
  Factors	
  influencing	
  malaria	
  transmission

R0	
  expected	
  number	
  of	
  secondary	
  infec:ons	
  produced	
  by	
  a	
  single	
  infec:on	
  in	
  a	
  suscep:ble	
  popula:on

Epidemiology	
  of	
  vector-­‐borne	
  pathogens



Two	
  ways	
  of	
  manipula:ng	
  (increasing	
  transmisison,	
  R0)

-­‐	
  host-­‐to-­‐vector	
  transmission
-­‐	
  vector-­‐to-­‐host	
  transmission

AVIAN	
  MALARIA

-­‐	
  Alterna:ve	
  system	
  to	
  study	
  the	
  ecology	
  and	
  epidemiology	
  of	
  malaria	
  parasites
-­‐	
  Important	
  role	
  for	
  the	
  understanding	
  of	
  human	
  malaria	
  epidemiology

•	
  Can	
  malaria	
  manipulate	
  vector	
  behaviour?

•	
  Can	
  malaria	
  react	
  plas:cally	
  to	
  vector	
  s:muli	
  (bi:ng)?

Epidemiology	
  of	
  vector-­‐borne	
  pathogens

host

vector



-­‐	
  PART	
  2	
  -­‐

Can	
  malaria	
  manipulate	
  vector	
  behaviour?



•	
  	
  Contact	
  rate	
  between	
  hosts	
  and	
  vectors	
  is	
  a	
  fundamental	
  determinant	
  of
parasite	
  transmission	
  and	
  epidemiology

•	
  	
  Parasi:c	
  manipula:on	
  in	
  vectors:	
  altera:ons	
  of	
  phenotypic	
  traits	
  increasing
the	
  rate	
  of	
  contact	
  and	
  the	
  success	
  of	
  vector-­‐to-­‐host	
  transmission

•	
  	
  Parasites	
  could	
  also	
  manipulate	
  their	
  vertebrate	
  hosts	
  to	
  render	
  them	
  more
agrac:ve	
  to	
  vectors	
  (selec:ve	
  advantage	
  for	
  parasites)

ParasiKc	
  manipulaKon	
  and	
  vector-­‐borne	
  diseases



•	
  	
  Non-­‐random	
  bi:ng	
  if	
  mosquitoes	
  feed	
  dispropor:onately	
  more	
  ojen
	
  	
  	
  	
  on	
  infected	
  hosts

•	
  	
  Qualita:vely	
  and	
  quan:ta:vely	
  affects	
  the	
  dynamics	
  of	
  vector-­‐borne	
  parasites

ParasiKc	
  manipulaKon	
  and	
  vector-­‐borne	
  diseases
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Leishmania	
  &	
  sand	
  fly
(Roger	
  &	
  Bates	
  2007	
  PLoS	
  Pathog)

Plasmodium	
  &	
  mosquito
(Koella	
  et	
  al.	
  1998	
  PRSLB)

Trypanosoma	
  &	
  tsetse	
  fly
(Van	
  den	
  Abeele	
  et	
  al.	
  2010	
  PLoS	
  Pathog)

AlteraKon	
  of	
  the	
  biKng	
  behaviour	
  (quanKtaKve	
  manipulaKon)

Change	
  in	
  saliva	
  composi:on	
  (an:-­‐haemosta:c
molecules,	
  apyrase)	
  and	
  obstruc:on	
  of
alimentary	
  tract	
  associated	
  with	
  infec:on

•	
  Prolonged	
  feeding	
  :me	
  /	
  persistence
•	
  Difficulty	
  to	
  obtain	
  full	
  blood	
  meal	
  >
promo:ng	
  host	
  seeking	
  behaviour
•	
  Mul:-­‐host	
  feeding

>>	
  Altera:on	
  of	
  host-­‐choice	
  behaviour?



RR

\(5*H-#$,&#L&-<L(9%(1&'#/X$-%#(/&2X$*+-K%*KH(&'*<-.$+*K#<>

• Choice experiment
• mosquitoes uninfected vs infected by sporozoites
• birds uninfected vs chronic infection (55 dpi) 
• same parasite in birds and vectors

• 10 different pairs of birds

• 80 mosquitoes (40/40) allowed to feed for 2 hrs



•	
  Choice	
  toward	
  infected	
  hosts	
  (~60%)
•	
  No	
  overall	
  difference	
  in	
  feeding	
  preference	
  between	
  infected	
  and	
  uninfected	
  mosquitoes
•	
  Within	
  a	
  pair,	
  infected	
  and	
  non-­‐infected	
  made	
  similar	
  choice	
  (independant	
  of	
  the	
  rela:ve
agrac:vness	
  of	
  the	
  infected	
  bird)

•	
  The	
  malaria	
  parasite	
  within	
  the	
  bird	
  is	
  driving	
  the	
  choice	
  of	
  infected	
  mosquitoes
•	
  Same	
  parasites	
  in	
  birds	
  and	
  vectors	
  /	
  What	
  if	
  different	
  parasite	
  stocks/lineages?

Feeding	
  behaviour	
  of	
  infected	
  mosquitoes



ManipulaKon	
  of	
  vector	
  behaviour	
  -­‐	
  PerspecKves

What	
  makes	
  infected	
  birds	
  more	
  agrac:ve?

Malaria:	
  Exagera:on	
  of	
  a	
  molecule	
  targeted
by	
  mosquitoes	
  for	
  host	
  seeking	
  behaviour



-­‐	
  PART	
  3	
  -­‐

Can	
  malaria	
  react	
  plas:cally	
  to	
  mosquito	
  bi:ng?



Vector-­‐transmiTed	
  parasites

host

vector

parasite

Beger	
  understanding	
  of	
  the	
  specific	
  rela:onships	
  between	
  Plasmodium	
  and	
  its	
  vector
to	
  control	
  malaria	
  epidemiology

Parasite	
  density	
  is	
  key	
  in	
  transmission

Parasite	
  density	
  varies
-­‐	
  in	
  :me	
  and	
  space	
  at	
  the	
  popula:on	
  level
-­‐	
  during	
  the	
  course	
  of	
  infec:on	
  at	
  the	
  individual	
  level
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-­‐-­‐>	
  Obvious	
  benefit	
  for	
  transmission	
  if	
  the	
  up-­‐regula:on
of	
  parasite	
  in-­‐host	
  growth	
  and	
  gametocytogenesis	
  does
not	
  happen	
  at	
  random	
  but	
  in	
  response	
  to	
  the	
  appearance
of	
  vectors

Relapses:	
  evidence	
  for	
  a	
  role	
  of	
  vectors?

(from	
  White	
  2011)•	
  Adapta:on	
  to	
  the	
  (seasonal)	
  fluctua:ons	
  in	
  the	
  abundance	
  of
vectors:
	
  	
  	
  -­‐	
  pulse	
  vs.	
  non-­‐pulse	
  vectors	
  (Allan	
  &	
  Mahrt	
  1989)

	
  	
  	
  -­‐	
  long	
  patency	
  vs.	
  frequent	
  relapse	
  in	
  P.	
  vivax	
  (White	
  2011)



Relapses:	
  what	
  does	
  theory	
  tell	
  us?

Plas:c	
  transmission	
  strategies	
  can	
  evolve	
  in	
  response	
  to	
  vector	
  density	
  fluctua:ons



-­‐-­‐>	
  Obvious	
  benefit	
  for	
  transmission	
  if	
  the	
  up-­‐regula:on
of	
  parasite	
  in-­‐host	
  growth	
  and	
  gametocytogenesis	
  does
not	
  happen	
  at	
  random	
  but	
  in	
  response	
  to	
  the	
  appearance
of	
  vectors

Relapses:	
  evidence	
  for	
  a	
  role	
  of	
  vectors?

(from	
  White	
  2011)•	
  Adapta:on	
  to	
  the	
  (seasonal)	
  fluctua:ons	
  in	
  the	
  abundance	
  of
vectors:
	
  	
  	
  -­‐	
  pulse	
  vs.	
  non-­‐pulse	
  vectors	
  (Allan	
  &	
  Mahrt	
  1989)

	
  	
  	
  -­‐	
  long	
  patency	
  vs.	
  frequent	
  relapse	
  in	
  P.	
  vivax	
  (White	
  2011)

•	
  Relapse	
  triggered	
  by	
  the	
  bi:ng	
  of	
  uninfected	
  vectors:
	
  	
  	
  -­‐	
  match	
  between	
  disease	
  prevalence	
  and	
  vector	
  abundance
	
  	
  	
  	
  (longitudinal	
  cohort	
  studies;	
  Paul	
  et	
  al.	
  2004;	
  Hulden	
  et	
  al.	
  2008)
	
  	
  	
  -­‐	
  enhanced	
  asexual	
  replica:on	
  and	
  gametocytogenesis	
  as	
  a
	
  	
  	
  consequence	
  of	
  mosquito	
  bi:ng
	
  	
  	
  (rodent	
  malaria;	
  Billingsley	
  et	
  al.	
  2005,	
  but	
  not	
  in	
  Shutler	
  et	
  al.	
  2005)
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Avian	
  malaria:	
  	
  experimental	
  and	
  field	
  work	
  on	
  various	
  aspects	
  of	
  host-­‐parasite	
  interac:ons

Besides	
  its	
  divergence	
  with	
  human	
  malaria,	
  s:ll	
  gives	
  valuable	
  inputs	
  for	
  understanding	
  the
ecology,	
  evolu:on	
  and	
  epidemiology	
  of	
  malaria

S:ll	
  a	
  lot	
  to	
  do	
  using	
  this	
  experimental	
  system

For	
  more	
  details

-­‐	
  Malaria	
  infec:on	
  increases	
  bird	
  agrac:veness	
  to	
  uninfected	
  mosquitoes.	
  Ecology	
  LeTers,	
  16:	
  323-­‐329
-­‐	
  Both	
  infected	
  and	
  uninfected	
  mosquitoes	
  are	
  agracted	
  toward	
  malaria	
  infected	
  birds.	
  Malaria	
  Journal,	
  12:	
  79
-­‐	
  Evolu:on	
  of	
  plas:c	
  transmission	
  strategies	
  in	
  avian	
  malaria.	
  PLoS	
  Pathogens,	
  10:	
  e1004308

-­‐	
  Altera:ons	
  of	
  mosquito	
  feeding	
  behaviour	
  by	
  the	
  avian	
  malaria	
  Plasmodium	
  relictum	
  (to	
  come)
-­‐	
  From	
  bird	
  to	
  mosquito:	
  within-­‐host	
  dynamics	
  and	
  transmission	
  of	
  avian	
  malaria	
  (R.	
  Pingeault	
  et	
  al.,	
  to	
  come)


