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MALI	  POPULATION	  DIVERSITY	  AND	  MALARIA	  	  



Malaria = 3 sunami 
Per year in Africa= 

INTERNATIONAL SOLIDARITY AND 
ETHICAL CONCERNSè NEW TOOLS 

1] DIAGNOSTIC 
2] TREATMENT 
3] VACCINES 
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FROM	  LAB	  TO	  THE	  FIELD	  :	  MRTC	  studies	  sites	  

ICH/GCP	  sites	  
	  
	  
Other	  epidemio	  	  sites	  



MALARIA SPECIES IN HOMO SAPIENS 

•  1]	  Plasmodium	  falciparum	  (Africa)	  
•  2]	  Plasmodium	  malaria	  (Africa)	  
•  3]	  Plasmodium	  vivax	  (Africa)	  

•  4]	  Plasmodium	  ovale	  (Africa)	  
– Plasmodium	  ovale	  wallikeri	  
– Plasmodium	  ovale	  cur7si	  

•  5]	  Plasmodium	  knowlesi	  (SEA)	  



NATURAL	  HISTORY	  	  OF	  MALARIA	  IN	  ENDEMIC	  COUNTRIES:	  
CHANGING	  EPIDEMIOLOGY	  IN	  AFRICA	  



The	  four	  ocular	  fundus	  features	  comprising	  the	  malaria	  reOnopathy.	  In	  U5	  	   
 

(a)	  	  Whitening,	  shown	  here	  in	  the	  peri-‐macular	  area.	  	   (b)	  White-‐centered	  hemorrhages,	  in	  a	  pa<ent	  with	  whitening.	   

(c)	  Vessel	  changes.	  	  Note	  that	  the	  changes	  can	  be	  patchy.  

(d)	  Papilledema,	  more	  readily	  recognized	  with	  an	  indirect	  
ophthalmoscope	  because	  a	  binocular,	  three-‐dimensional	  
image	  can	  be	  aZained.  



Malaria	  prevenOon	  Measures	  and	  the	  
needs	  of	  molecular	  resistance	  surveillance	  

ChemoprevenOon	   Mechanical	  prevenOon	  

Monthly	  administra<on	  
	  of	  SP+AQ	  during	  the	  
	  transmission	  season	  

IPTp:	  3	  to	  4	  doses	  os	  SP	  
From	  the	  2nd	  trimester	  

Con<nuous	  distribu<on	  
Of	  LLINs	  through	  	  
Antenatal	  and	  
	  immuniza<on	  services	  

IRS	  



Vaccins	  anOpaludiques:	  Stades	  et	  Impact	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Pré-‐érythrocyOque	  
Vaccins	  pour	  prévenir	  l’infec<on	  	  
et	  impacter	  sur	  la	  maladie	  

Stade	  Sanguins	  
Vaccins	  pour	  éliminer	  la	  maladie	  

Bloquant	  la	  Transmission	  
Vaccins	  pour	  prévenir	  la	  transmission	  

Vaccins	  qui	  interrompent	  la	  Transmission	  du	  Paludisme	  



Anopheles 
blood	  stage 

The Plasmodium life cycle"
disease 

clinically	  silent sporozoite 

liver	  stage 
Mammalia 
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growth	  

mg!

hc!

What new in Plasmodium biology, transmission and building of natural 
immunity in vertebral host"

Hafalla et al., 2011!



Plasmodium liver stages: !
induction of immune responses !

Hafalla et al., 2011!



Phase Ib Trial in Adults of PfSPZ-Sanaria DIV Whole 
Sprozoite vaccine candifate in Mali: 2014-2016 !

72 hours p.i. 

Pf sporozoite!

adult serum (Kilifi)!
DAPI!

Pb sporozoite!



Principal	  InvesOgators: 	  Dr	  Mahamadou	  S.	  Sissoko,	  MRTC,	  USTTB,	  Mali	  
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Senior	  InvesOgators: 	  Ogobara	  Doumbo,	  	  MRTC,	  USTTB,	  Bamako,	  Mali	  
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&	  

IND	  Sponsor:	  Sanaria	  Inc.	  

Assessment	  of	  Safety	  and	  Immunogenicity	  of	  
Intravenous	  ImmunizaOon	  with	  radiaOon	  aZenuated	  
Plasmodium	  falciparum	  NF54	  Sporozoites	  (PfSPZ	  
Vaccine)	  in	  Healthy	  Malian	  Adults	  in	  Africa	  

	  



Background	  
Irradiated	  Sporozoites	  via	  Mosquito	  Bite	  

•  Development	  had	  not	  been	  
previously	  pursued	  due	  to:	  

–  Considered	  technically	  
imprac<cal	  or	  impossible	  

–  Considered	  unnecessary	  
since	  modern	  subunit	  
vaccines	  would	  solve	  the	  
problem	  

16	  



Clinical	  Trials:	  PfSPZ	  DVI	  Trial	  
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Open-label evaluation of the 
safety, tolerability, 
immunogenicity and protective 
efficacy against CHMI of the 
PfSPZ vaccine at successively 
higher dosages. Subjects are 
enrolled in a step-wise, dose-
escalation manner 

20
15 

Seder et al.  Science.  2013 



PfSPZ	  Vaccine	  in	  Mali:	  Natural	  
Transmission	  

•  Pilot	  Safety	  Group	  –	  	  
completed	  in	  March	  
2014	  

•  Main	  Study	  Group	  –	  
Vaccina<on	  #5	  of	  5	  
completed	  in	  July	  
2014	  

•  502	  vaccina<ons	  
administered	  

•  PhaseIb:	  	  
in	  2016	  
	  



SPOROGONIC	  DEVELOPMENT	  AND	  DIPLOID	  AND	  
HAPLOID	  STAGES	  IN	  ANOPHELES	  

19	  



Direct	  Skin	  Feeds	  and	  TBV	  in	  Mali	  

20	  

•  Have	  been	  conducted	  in	  Mali	  since	  
the	  early	  1990’s	  

•  Mosquitoes	  reared	  in	  Bamako	  
–  Laboratory	  colony	  of	  A	  gambiae	  

established	  from	  a	  local	  catch	  in	  
2008	  are	  used	  

•  Mosquitoes	  are	  transported	  to	  the	  
site	  for	  feeds	  

•  2	  feeding	  pints	  with	  30	  pre-‐starved	  
mosquitoes/pint	  

•  Placed	  on	  subjects	  fro	  15-‐20	  
minutes	  

•  Topical	  anOhistamine/anOpruriOcs	  
offered	  following	  feeds	  to	  subjects	  

•  Only	  one	  DSF	  related	  AE	  in	  one	  
subject	  (Grade	  2	  erythema)	  has	  
been	  reported	  in	  over	  2,000	  DSF	  

Coulibaly,	  M	  et	  al.	  Symposium	  126:	  	  Malaria	  Transmission:	  
How	  Will	  We	  Assess	  Vaccines	  for	  Elimina?on	  and	  
Eradica?on?	  ASTMH2015	  	  



Malaria	  Vaccine	  Molecular	  endpoint	  :	  Strain-‐specific	  
efficacy	  against	  clinical	  malaria	  matching	  vaccine	  

strain	  3D7	  in	  NEJM	  2011	  
Efficacy	  64.3%	  
95%	  CI:	  14.0	  -‐	  91.6	  

Thera	  MA	  ,	  Doumbo	  OK	  ,	  Plowe	  CV	  et	  al.2011	  



Kaplan-‐Meier	  curves	  for	  the	  cumulaOve	  proporOon	  of	  children	  with	  ⩾1	  episode	  
of	  clinical	  malaria.	  

Sacarlal	  J	  et	  al.	  J	  Infect	  Dis.	  2009;200:329-‐336	  

RTS,S	  (VE=~50%	  (EMA	  58,	  WHO	  2015)	  

Efficacy	  30-‐60%	  
against	  clinical	  
disease	  and	  
infec<on	  



1]	  Plasmodium	  falciparum	  –Homo	  sapiens:	  6000-‐8000	  years	  of	  co-‐
evoluOon	  and	  co-‐adaptaOon	  

2]	  IN	  UTERO	  BURDEN	  OF	  MALARIA	  IN	  AFRICA:	  IMPACT	  ON	  
INTELLECTUAL	  DEVELOPMENT,	  SCHOOL	  ATTENDENCY	  AND	  NATION	  

WIDE	  	  CREATIVITY	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  



  BIOLOGY OF PREGNANCY ASSOCIATED MALARIA  

Receptors on placenta 
•  CSA   +++ 
•   Hyaluronic Acid  
•   Fc  IgG 
.  others receptors  ? 
  

Placenta,	  CSA	  Phenotypes	  /var2CSA	  

Micro	  	  vessel,	  CD36,	  ICAM1….	  

Adhesion molecules  

CD36, ICAM-1, E-Selectin,  
VECAM, PECAM-1/CD31 etc..	  

	  	  	  	  	  	  	  	  	  	  	  	  Fried & Duffy, 1996, 1998, 2000 and others from field 
to labs and toward PAM vaccines candidates, PhaseIa,b 



Systems	  Biology	  Approach	  and	  Big	  Data	  
Adapted from Schadt et al. 2009 

Metabolites	  

Genomics	  

Proteomics	  

Transcriptomics	  

Metabolomics	  
Epigenomics	  

Diet 
Drug Treatments 

Pathogens 



HOMO SAPIENS EST UN ECOSYSTEME ET UNE 
CHIMERE GENETIQUE 

•  1]	  	  POUR	  UNE	  CELLULE	  DITE	  HUMAINE	  

•  2]	  1000	  VIRUS	  

•  3]	  100	  BACTERIES	  

•  4]	  10	  ARCHAEA	  

– MAINTIENT	  DE	  L’HOMEOSTASIE	  ET	  MALADIE?	  





Source:	  NIH	  Human	  	  
Microbiome	  Project	  



Diseases	  associated	  with	  microbiome	  composi<on	  

An<bio<c-‐associated	  diarrhea	  
Asthma/allergies	  
Autoimmune	  diseases	  
Cancer	  
Dental	  cavi<es	  
Depression	  and	  anxiety	  
Diabetes	  
Gastric	  ulcers	  
Cardiovascular	  disease	  
Inflammatory	  bowel	  diseases	  
Malnutri<on	  
Obesity	  
	  
Malaria?	  	  





Determining	  stool	  microbiome	  composiOon	  	  
by	  16s	  rRNA	  sequencing	  

J.	  Craig	  Venter	  Ins?tute	  



Microbiome	  composiOon	  is	  associated	  with	  protecOon	  from	  	  
P.	  falciparum	  infecOon	  but	  not	  febrile	  malaria	  

Febrile	  malaria	  risk	   	  P.	  falciparum	  infec<on	  risk	  (	  PCR+)	  

Microbiomes	  of	  subjects	  at	  lower	  risk	  of	  P.	  falciparum	  infec?on	  had	  higher	  	  
propor?on	  of	  Enterobacteriaceae/Escherichia/Shigella	  compared	  to	  	  

subjects	  at	  higher	  risk	  (3.2%	  versus	  0.7%,	  respec?vely)	  



Malaria	  chemotherapy	  	  and	  drug	  resistance	  molecular	  
mapping	  in	  Mali	  	  

33	  

Lumefantrine	  

Artesunate/Artemether/DHA	  

Artemisinine	  based	  	  
Combina<on	  Therapies	  (ACTs)	  

Amodiaquine	  
SP	  

Pyronaridine	  

Piperaquine	  

Mefloquine	  

Quinine/Artesunate	  

Uncomplicated	  malaria	  

Severe-‐complicated	  	  malaria	  

Molecular	  surveillance	  of	  drug	  resistance	  

Dried	  blood	  spots	  from	  malaria	  infected	  paOents	  



22/05/16	   Kone	  Aminatou	   34	  

Measurement	  of	  malaria	  drug	  resistance	  

Malaria	  infecOon	  from	  clinical	  trials	  

In	  vitro	  drug	  test	  
IC50	  

Molecular	  genotyping	  
(defining	  molecular	  proxys	  
	  of	  resistance)	  

Sequencing	  (for	  gene	  polymorphisms)	   qPCR(for	  gene	  copy	  number)	  

Microscopy	  or	  qPCR	  for	  
	  parasite	  clearance	  dynamics	  

Treatement	  outcome	  
ACPR:	  Adequate	  Clinical	  and	  
Parasitological	  Response	  

In	  vivo	  parasite	  drug	  response	  
In	  vitro	  parasite	  drug	  response	  

Culture	  adapta?on	  



K13-‐propeller	  muta<ons	  and	  
Artemisinine	  Resistance	  	  

C.	  Plowe,	  Nature,	  Jan	  2014	   35	  



PropagaOon	  of	  K13	  mutants	  parasites	  
in	  SEA:	  Molecular	  surveillance	  

36	  Adapted	  from	  Ashley	  et.	  al,	  NEJM,	  2014	  



K13	  polymorphism	  in	  PDNA	  sites	  in	  Africa	  



hop://universe-‐review.ca/I11-‐50microarray.jpg	  

Affymetrix 



Longitudinal	  cohort,	  tools	  in	  InfecOous	  Diseases	  studies:	  
Serological	  profiling	  against	  many	  falciparum	  pepOdes:	  

Arrays/OMICs	  

Crompton	  P	  D	  –Doumbo	  	  OK	  	  et	  al.	  PNAS	  2010;107:6958-‐6963	  



REVOLUTION OF MALDITOF TECHNOLOGY IN AFRICA 



9- antifungal treatment 
support

4- deposition of  
colony samples 
on the target

6- acquisition of the 
spectra

5- co-crystallization 
with the matrix

~10 min
1- clinical sample

7- Software compares spectra 
with those in the  reference 
library

8- identification results 

2- culture of an 
unknown 
microorganism

3- extraction



MaldiTof	  and	  Malaria	  Epidemiology	  	  

Mosquito species(a) 
First blood feeding  
source 

 
 
Second blood feeding 
source  

Number of specimens 
used blind tests against 
database (b) 

High LSVs obtained from blind 
tests against database (c) 

Vertebrate species 
identification of blood 
origin(d) 

An. gambiae S Human / 10 [1.834-2.320] (10) Human 

An. gambiae S Human Goat 10 [2.173-2.670] (10) Goat 

An. gambiae S Human Dog 10 [2.139-2.764] (10) Dog 

An. gambiae S Human Cow 10 [1.810-2.396] (10) Cow 

An. gambiae S Human Sheep 10 [1.802-2.296] (10) Sheep 

An. gambiae S Human Rabbit 10 [1.826-2.101] (10) Rabbit 

Total 10 60 

Table 2 Mosquitoes used to determine the effect o the second blood blood meals and blind tests according to 
post-blood feeding period and blood meal source 

??	  

(a)	  Mosquitoes	  were	  collected	  from	  12	  hours	  following	  blood	  meals	  and	  their	  abdomen	  protein	  extracts	  were	  submioed	  
to	  MALDI-‐TOF	  MS.	  (b)	  Number	  of	  specimens	  used	  	  to	  blind	  test	  against	  the	  	  Database. (c) Into brackets are indicated the 
number of specimens with LSVs upper and lower than 1.8. (d) Vertebrate species blood origin are  indicated only for 
specimens with LSVs greater than 1.8. LSVs,	  log	  score	  values. 42	  



	  PotenOal	  of	  GWAS	  	  
(MalariaGEN	  Nature	  2015)	  



Signal	  of	  associa<on	  with	  severe	  
malaria	  across	  the	  FREM3/GYPE	  region	  	  

	  

The glycophorin gene cluster has a complex pattern of gene con-
version and structural variation that has been previously noted; indeed,
it has been proposed that selective pressure due to pathogens, including
malaria, has contributed to shaping diversity in this region10,13–16. Using
the human reference sequence and mapped sequence read data from
the 1000 Genomes Project, we identified the boundaries of a 350 kb
region of sequence homology surrounding these genes as well as a set of
segregating gene deletions (Extended Data Fig. 8). The lead imputed
marker (rs184895969) is located within 10 kb of this complex region.
Imputation accuracy within the region is low using current reference
data, so it is possible that the causal variant lies within the glycophorin
genes themselves but that this is obscured in the current imputed data
set. With this caveat, we computed a credible set of putatively causal
variants in the region; this set includes both the lead imputed marker
and a linked missense mutation (rs181620317) in FREM3 (Extended
Data Fig. 7b). We note that the protective allele at rs184895969 was
associated with increased GYPA transcription in published gene
expression data for HapMap lymphoblastoid cell lines17 (P 5 0.016;
Extended Data Fig. 9); other regional analyses are described in

Supplementary Notes 1 and 2. Improved African genome variation
reference panels7,18 are needed to understand the complex patterns of
variation in this region so that the causal variant of malaria resistance
can be fine-mapped with greater confidence.

A striking feature of these data is that all of the loci that reach
conventional criteria for genome-wide significance (P , 5 3 1028

using a fixed-effects model) are in or near genes that are important
for erythrocyte function (HBB, ABO, ATP2B4, FREM3/GYPE region),
the primary host cell of P. falciparum. Other erythrocyte-related genes
are identified in the discovery phase analysis but do not reach genome-
wide significance, including EPB41, which encodes erythrocyte mem-
brane protein band 4.1 and has been implicated as a possible receptor
for P. falciparum invasion19 (rs2985337: BFavg 5 3,443; fixed-effect
meta-analysis OR 5 1.16, 95% CI 5 1.09–1.23, P 5 1.2 3 1026; see
Extended Data Fig. 6).

The ABO locus contains a number of polymorphisms that are
shared between humans and other primates, and recent analyses
of sequence variation across species indicated that some of these
are ancient polymorphisms that have been maintained by balancing
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Figure 1 | Signal of association with severe malaria across the FREM3/GYPE
region. a, Evidence for association (log10 BFavg) in the discovery data. Black
plus signs denote SNPs that were directly typed, and black triangles denote
SNPs selected for typing on the Sequenom platform. Dotted red vertical lines
indicate a region of 0.25 cM 6 25 kb centred at the lead SNP (rs184895969).
Coloured circles denote the correlation (outer circles) and | D9 | (inner circles)

with rs184895969 in controls, computed from imputed haplotypes.
b, Polymorphisms shared between humans and chimpanzees, and previously
reported associations with other phenotypes. NHGRI, National Human
Genome Research Institute. c, d, Genes in the region and the HapMap
combined recombination rate.
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Forest	  plot	  on	  Sequenom	  data	  

selection over millions of years20. The current findings are of particular
interest since the FREM3/GYPE region is one of the most prominent
examples of putative ancient balancing selection in a genome-wide
analysis of haplotype sharing between humans and chimpanzees4.
The peak GWAS signal at this locus is less than 45 kb away from the
shared human–chimpanzee haplotypes, which fall within the region
covered by the credible set (Extended Data Fig. 7b), although they do
not exhibit a strong association with severe malaria (Supplementary
Note 3). To explore the genealogical relationship between the putative
ancient balanced polymorphisms (ABPs) and SNPs associated with
severe malaria in the FREM3/GYPE region, we inferred an ancestral
tree21 from the African (YRI 1 LWK) part of the 1000 Genomes
Project data and used it to order haplotypes in the region, labelled
with the positions of ABPs, malaria-associated SNPs, and other var-
iants of interest (Fig. 3). All three haplotypes carrying the protective
allele at the directly typed marker with most evidence of association
(rs186873296) carry the minor allele at the ABP markers (D9 5 1,
P 5 0.017). By inferring the positions of putative causal mutations
on the estimated genealogical tree21 at the lead imputed marker
(rs184895969) we found evidence for a single protective mutation in
Kenya (log10 BF 5 3.09; OR 5 0.6) estimated to lie on the branch
ancestral to the protective allele at the lead marker. Although the most
likely position for an additional mutation was on the branch ancestral
to the ABPs, a single haplotype explains most of the signal of asso-
ciation in this region.

These observations raise the question of whether malaria resistance
loci are more likely to be found in regions of the genome that show
evidence of ancient balancing selection. We therefore analysed the
relationship between the regions of association in our GWAS and
125 regions of the genome found previously4 to contain haplotypes
shared between humans and chimpanzees. The SNPs defining these
haplotypes (ABPs) were not themselves enriched for association with
severe malaria (P . 0.1, Methods). We used a simulation approach to
assess the physical proximity of ABPs to the peak of association within
the 34 strongest regions of association (tier 1) and 73 weaker signals
(tier 2), and observed a significant relationship with tier 1 over a range
of length scales (Extended Data Fig. 10a, d). We also identified the
nearest gene to the lead marker within each association region as well
as the gene nearest to each ABP haplotype, and performed a gene-
based test for genome-wide enrichment. Strong evidence for enrich-
ment was seen at tier 1 loci (OR 41.0; P 5 4 3 1027 by Fisher’s exact
test, Psim 5 5 3 1024 using a simulation approach described in Methods,
and P 5 13 1024 using the INRICH algorithm22; Extended Data Fig.
10b–d) and a weaker trend at tier 2 loci (OR 7.7, Psim 5 0.15). Apart from
ABO and FREM3/GYPE, there were six other GWAS loci (four in tier
1, two in tier 2) where the nearest gene to the lead marker was also
the nearest gene to an ABP haplotype (DSCAM, NRG1, CNTNAP5,
TMEM132C, CACNA2D1, RYR2). Although the current association
evidence at these loci does not satisfy conventional criteria for gen-
ome-wide significance and they should be regarded as putative until
convincingly replicated, it is noteworthy that they are all involved in
key aspects of membrane biology (Supplementary Note 3).

In the largest genetic association study of malaria to date, we have
identified a new locus of resistance to severe malaria that lies next to a
cluster of glycophorin genes involved in erythrocyte invasion by
P. falciparum, and that also overlaps a locus of putative ancient bal-
ancing selection identified by analysis of haplotype sharing between
humans and chimpanzees. It is possible that malaria is not the cause of
the ancient balancing selection, or that it is just one of a number of
opposing evolutionary driving forces, as at ABO, where blood group O
reduces the risk of severe malaria but increases the risk of severe
cholera23. Nonetheless, these new findings raise the intriguing
question of whether natural selection on malaria susceptibility has
been shaping genetic diversity in humans and their ancestors for
millions of years. P. falciparum is closely related to the chimpanzee
parasite P. reichenowi and other parasites of African great apes24–26.

It has been proposed that P. falciparum was introduced into human
populations from chimpanzees or gorillas in the recent past, but this
remains a matter of intense debate25–27. Population genetic data are
consistent with an ancient origin followed by a marked expansion of
the parasite population approximately 10,000 years ago, coincident
with the introduction of agriculture28. The P. falciparum genome
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Figure 2 | Evidence for association at SNPs in the FREM3/GYPE region,
assuming an additive model of association. a, Forest plot showing sample
size, estimated OR and 95% CI for the lead imputed SNP in each population
and under fixed-effect meta-analysis. The frequency of the protective allele in
controls in each population is shown to the right. b, The posterior weight
on different models of heterogeneity at rs184895969 under the prior used in the
GWAS. Cor., correlated effects model; Cor./Str., correlated-structured-effect
model; Fix., fixed effects model; Fix./Str., fixed-structured-effect model; Ind.,
independent effects model. Models are described in Methods. c, Forest plot
for the Sequenom-typed SNP rs186873296 in discovery and replication
samples, with fixed-effect meta-analysis across all populations and across
East African populations (here taken as Kenya, Malawi, Tanzania and
Cameroon.)
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Summary	  

•  Iden<fica<on	  a	  novel	  malaria	  resistance	  locus	  
close	  to	  a	  cluster	  of	  genes	  encoding	  
glycophorins	  	  

•  Iden<fica<on	  of	  a	  haplotype	  at	  this	  locus	  that	  
provides	  33%	  protec<on	  against	  severe	  
malaria	  	  



Plasmodium vivax infections in Duffy-negative 
patients (2) 

•  Brazil1: 2 cases of P. vivax 
identified in Duffy (-) patients by 
PCR. 

  
•  Madagascar2: 

–  P. vivax prevalence: 8.8% in Duffy 
(-) patients 

–  High parasitemia observed 
–  Duffy (-) genotype match phenotype  
–  P. vivax gametocytes observed in 

Duffy (-) patients 
–   More than 50% of P. vivax 

infections in Duffy (-) in some areas 
–  P. vivax break dependency to Duffy 

antigen to invade RBCs 1	  Cavasini	  CE.	  2007	  
2	  Ménard	  D.	  2010	  	  

Figure 15. Distribution of P vivax in 
Madagascar2	  



Plasmodium vivax infections in Duffy-
negative and in Mali 

•  P. vivax is absent or rare in West and 
Central Africa  

•  East Africa: low prevalence  
•  P. vivax is endemic in some 

populations of Sudan, Somalia, 
Ethiopia, Djibouti (predominantly 
Duffy positive)1. 

•  P. vivax identified in Equatorial 
Guinea (8 cases) and Angola (7 
cases) by PCR and Duffy antigen 
genotyping2. 

•  Mali3:  
 - Prevalence in north Mali: 30% 
 - Duffy antigen not confirmed  
 by molecular techniques 

1Mathews	  HM.	  1981 
2Mendes	  C.	  2011	  
3Bernabeu	  M.	  2012	  

Figure 16. P. vivax in Mali3 



 Carte des zones à risque de paludisme au Mali [MRTC, PNLP 2015] 
Combinaison des zones climatiques, la prévalence de l’infection et la durée 
de la saison de transmission 

MALARIA RISK MAP OF MALI (D Coulibaly et al., 
2015) 	  

49	  



50	  

Malaria	  Transmission	  hotspot	  in	  Bandiagara,	  Mali,	  D	  Couloubaly	  et	  al.,	  2015	  



Typhi,	  2	  for	  Escherichia	  coli,	  1	  for	  
Acinetobacter	  baumanii,	  
1	  for	  an	  undetermined	  acinetobacter	  
species,	  
1	  for	  Aeromonas	  hydrophila,	  1	  for	  H.	  
influenzae,	  
1	  for	  Pseudomonas	  aeruginosa,	  1	  for	  
non-‐Typhi	  salmonella,	  
and	  1	  for	  Shigella	  flexneri).	  Bacteremia	  
originated	  in	  the	  gastrointes<nal	  tract	  
of	  5	  pa<ents	  
(including	  4	  with	  typhoid	  fever)	  and	  in	  
the	  
urinary	  tract	  of	  2	  pa<ents,	  whereas	  
origina<ng	  
sites	  in	  the	  other	  11	  cases	  of	  
bacteremia	  could	  
not	  be	  elucidated.	  Urinary	  tract	  
infec<ons	  were	  
iden<fied	  in	  59	  of	  144	  children	  (41.0%)	  
tested	  by	  

Typhi,	  2	  for	  Escherichia	  coli,	  1	  for	  	  
Fig	  4A:	  Distribu<on	  des	  maladies	  en	  
fonc<on	  de	  la	  nature	  des	  	  pathogènes	  
(bactériennes,	  virales	  ou	  parasitaires)	  
Fig	  4B:	  	  Chevauchement	  entre	  tous	  
les	  pathogènes	  iden<fiés,	  
indépendamment	  des	  critères	  
cliniques	  et	  biologiques	  u<lisés	  pour	  
la	  détermina<on	  du	  diagnos<c	  
(41.0%)	  tested	  by	  

Typhi,	  2	  for	  Escherichia	  coli,	  1	  for	  La	  
distribu<on	  des	  maladies	  pathogènes	  
par	  type	  (bactériennes,	  virales	  ou	  
parasitaires)	  est	  présenté	  à	  la	  Figure	  
4A.	  	  
La	  Figure	  4B	  montre	  le	  chevauchement	  
entre	  tous	  les	  pathogènes	  iden<fiés,	  
indépendamment	  des	  critères	  
cliniques	  et	  biologiques	  u<lisés	  pour	  
déterminer	  un	  diagnos<c	  (41.0%)	  
tested	  by	  
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SMC	  and	  the	  NouakchoZ	  iniOaOve	  2013	  
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SMC	  target	  areas	  in	  West	  Africa:	  D.	  Coulibaly	  et	  al.,	  2015)	  



	  IPTp-‐SP-‐standard	  2	  doses	  vs	  3	  doses	  
Kayentao	  K….Doumbo	  OK	  et	  al.,	  JID	  2005	  

Diakite	  O.	  Maiga	  …	  Doumbo	  OK	  et	  al.,	  CID	  2011	  
Kayentao	  K….Doumbo	  OK	  &	  Feiko	  et	  al.,	  JAMA	  2013	  

Semaine	  de	  gestaOon 

ConcepOon	   Naissance 
20 30 10 

Dose	  1	  
16	  Weeks	  

 

Dose	  
36	  Weeks	  

	  
Mouvement	  

 



Authors:	  Kayentao	  K,	  Garner	  P,	  Anne	  van	  Eijk	  A,	  
Naidoo	  I,	  Roper	  C,	  Mulokozi	  A,	  MacArthur	  J.,	  
Luntamo	  M,	  Ashorn	  P,	  Doumbo	  O,	  ter	  Kuile	  F	  
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Mise	  à	  jour	  de	  la	  PoliOque	  de	  
l’OMS	  sur	  IPTp-‐SP	  ,	  Avril	  2013	  

•  Tot	  au	  deuxieme	  trimestre	  
•  A	  chaque	  visite	  de	  CPN	  programmee	  jusqu’a	  
l’accouchement,	  au	  moins	  un	  mois	  d’intervalle	  

•  Derniere	  dose	  jusqu’a	  l’accouchement	  sans	  
dangers	  

–  DOT	  
–  Peut	  etre	  administre	  sans	  manger.	  
–  Pas	  administre	  chez	  les	  femmes	  sous	  co-‐trimoxazole	  
–  Eviter	  l’acide	  folique	  à	  >	  5mg	  par	  jour	  
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Chimioprévention du Paludisme dans la population cible en zone 
d’endémie. 

	  

•  FEMMES ENCEINTES 
–  MILDA+ TIPp-SP >= 3 DOSES A PARTIR DU 

SECOND TRIMESTRE 
–  1ER TRIMESTRE: MILDA + TDR ET SELS 

QUININES (EN CAS DE SIGNES) 
–  CTAs a partir du second trimestre 

•  ENFANTS DE MOINS DE 5 ANS 
–  MILDA + CPS AVEC  AQ+SP  POUR 

PREVENTION DU PALUDISME SAISONNIER 
–  TDR + CTA, EN CAS DE SIGNES 

	  



 Chimioprévention du Paludisme dans la population cible en zone 
d’endémie. 

	  

•  POPULATIONS DU NORD 
–  NON PREMUNIE DONC POSSIBILITE  D’EPIDEMIES (1988, 

1999, 2015) 
–  CIRCULATION DE Plasmodium vivax (avec possibilite de 

reviviscence a partir des hypnoozoites dans le foi des mois, voir 
des annees apres le retour du nord des soldats et leurs familles). 

–  MILDA ET CPS –AQ+SP EN CAS D’EPIDEMIE POUR TOUS 
LES AGES (exemple 2015). 

•  MILITAIRES ET LEURS FAMILLES 
–  GRAND RISQUE DES MILITAIRES DU NORD SERVANT AU 

SUD ==è MILDA et CPS-AQ+SP ET DES MILLITAIRES DU 
SUD AYANT SEJOURNER PLUS DE 2 ANS AU NORD AVEC 
LEURS FAMILLLES. 

–  RESTE IDEM POPULATIONS ENDEMIQUES (MILDA, CPS, 
TPI, TDR/ACT) 

	  



QUESTION3:	  	  
PEUT	  UTILISER	  LES	  CTAs	  POUR	  PRENDRE	  EN	  
CHARGE	  UN	  PALUDISME	  PER	  OS	  CHEZ	  UNE	  
FEMME	  ENCEINTE	  ?	  	  

	  1]	  OUI	  MAIS	  >=	  Second	  trimestre	  de	  
	  grossesse	  
	  2]	  AL	  ET	  DHA-‐PQ	  sont	  mieux	  tolorees	  a	  
	  efficacite	  comparable	  vs	  ASAQ,	  MF-‐AS	  
	  3]	  Importance	  des	  donnees	  de	  
	  pharmacovigilance	  chez	  la	  femme	  
	  enceinte	  



Umberto	  D	  et	  al.,	  NEJM	  2016	  
Flow	  chart	  de	  réparOOon	  des	  femmes	  

Fig.1:	  Randomisa<on	  des	  femmes	  et	  analyse	  de	  la	  
popula<on	  



Résultats	  (Umberto	  D	  et	  al.,	  NEJM	  2016)	  

•  N=	  3428	  de	  femmes	  enceintes	  incluses	  
•  Tableau	  I:	  répar<<on	  des	  femmes	  par	  bras	  de	  
traitement	  

Nbre	  	  inclus	  

AL	   881	  

ASAQ	   843	  

DHA-‐PQ	   855	  

MF-‐AQ	   849	  

Total	   3428	  



Efficacité	  	  thérapeuOque	  CTAs	  
Umberto	  D	  et	  al.,	  NEJM	  2016)	  

•  Tableau	  II:	  Efficacité	  thérapeu<que	  des	  CTAs	  
dans	  le	  Paludisme	  Associe	  a	  la	  Grossesse	  

PCR	  	  corrigée	   PCR	  non	  corrigée	  

AL	   96,1	  	  	  	  	  p<0,001	   52,	  5	  	  	  	  	  	  p<0,001	  

ASAQ	   98,5	   82,5	  

DHA-‐PQ	   99,2	   86,9	  

MF-‐AS	   96,8	   73,8	  



Umberto	  D	  et	  al.,	  NEJM	  3016	  
Niveau	  de	  clairance	  parasitaire	  sous	  les	  4	  CTAs	  

au	  cours	  du	  suivi	  
	  	  
q D1:	  	  clearance	  parasitaire	  était	  lente	  	  dans	  le	  bras	  AL	  

p<0,001	  
AL:	  24,8%	  	  posiOf	  a	  D1	  (217/875)	  
ASAQ:	  6,9%	  (57/828)	  
DHA-‐PQ:	  8%	  (67/837)	  
MF-‐AS:	  13,5%	  (113/837)	  
	  
q 	  D2	  :	  GE	  négaOve	  chez	  99,5%	  	  des	  femmes	  	  (4	  CTAs)	  
	  
q 	  InfecOon	  placentaire	  :	  p=0,47	  (4	  CTAs=comparables)	  
q 	  Poids	  de	  naissance:	  :	  p=0,40	  (4	  CTAs	  =	  comparables)	  
	  



TOLERANCE	  DES	  CTAs	  au	  cours	  du	  
PAG	  

(Umberto	  D	  et	  al.,	  NEJM	  2016)	  
•  SAE:	  72	  femmes	  à	  D63	  

–  1	  décès	  par	  méningite	  :	  MF-‐AS	  
–  10	  SAEè	  ASAQ:	  5,	  DHA-‐PQ:	  1,	  MEF-‐AS:	  4	  

Evénements	  indésirables	  +++	  	  avec	  ASAQ	  et	  MEF-‐AS	  
p<0,001	  

Asthénie,	  perte	  de	  poids	  ,	  douleurs,	  nausées,	  
vomissements	  

HallucinaOons:	  ASAQ	  
Insomnie	  
Faible	  pouls	  	  
Hypotension	  



IMPACTS	  DES	  CTAs	  SUR	  L’ISSU	  DE	  LA	  
GROSSESSE1	  (Umberto	  D	  et	  al.,	  NEJM	  2016)	  
q 	  Avortements:	  13	  
AL:1	  et	  3	  dans	  chacun	  des	  autres	  bras	  
q 	  Mort-‐nés:	  78	  

AL:	  1,9%	  (16/856)	  
ASAQ:	  	  2,1%	  (17/815)	  
DHA-‐PQ:	  2,77%	  (22/818)	  
MF-‐AS:	  2,8%	  (_23/821	  



Dicko	  AA,	  Sagara	  I,	  Doumbo	  OK	  et	  al.,	  
Un	  essai	  de	  chimio	  préven<on	  du	  

paludisme	  saisonnier	  plus	  
l'azithromycine	  chez	  les	  enfants	  africains	  

22/05/16	   68	  



Site	  d’étude	  :	  Bougouni	  
•  150	  km	  sud	  de	  Bamako	  	  
•  Bonne	  route	  goudronnée	  

–  35	  villages	  	  couverts	  	  	  
–  11	  CSCom	  
–  1	  CSRef	  
	  

Bougouni,	  Mali	  
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OrganisaOon	  et	  mise	  en	  œuvre	  
1	  District	  Sanitaire	  de	  Bougouni	  

11	  CSCom	  	  

35	  villages	  
10	  Ecoles	  

12.979	  enfants	  recensés	  

10.949	  Enfants.	  
Randomisés	  

10.039	  Enfants.	  	  
enrôlés	  

500	  Elèves	  
enquêtés	  



Personnels impliqués dans la mise en œuvre 

11	  DTC	  
26	  ASC	  	  

340 Personnels  

22	  agents	  
	  	  	  MRTC	  	  

15	  ASC	  	  
Système	  

11	  ASC	  	  
	  Etude	  

11	  Inf.	  CSCom	  
permanents	  

97	  agents	  pour	  
administra<on	  

27	  infirmiers*	  	  	   97	  Relais	  

16	  Infirmiers	  
temporaires	  

27	  agents*	  	  
recensement	  

60	  témoins	  pour	  les	  
consentements	  individuels	  NB:	  
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*Les	  27	  infirmiers	  sont	  aussi	  les	  agents	  qui	  ont	  effectué	  le	  recensement	  



q 10.949 Randomisés (2015) 

q 9405 ont reçu les médicaments de l’étude (2014) 
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Infec<on	  Palustre	  (2014)	  

2,8	   5,6	  
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Infec<on	  Palustre	  (2015)	  

6,3	   8,2	  
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MALI	  TEAMS	  


