
Malaria  and  climate  
change:  it’s  complicated
AGCI   Workshop  :  Climate  Change  and  Human  Health  

September  13,  2016



“Malaria  is  ...  a  thousand  different  diseases  and  
epidemiological  puzzles.  
Like  chess,  it  is  played  with  a  few  pieces,  but
is  capable  of  an  infinite  variety  of  situations.”

Hackett  L:  Malaria  in  Europe,  an  ecological  study;  1937.



World-­‐wide  population  at  risk  for  
malaria,2013

Global  Malaria  Mapper,  WHO,  2016
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Malaria

Ê Five  species  of  Plasmodium  parasite  cause  malaria  in  humans:    
P.  falciparum;;  P.  vivax;;  P.  ovale;;  P.  malariae.  P.  knowelsi

Ê Most  severe  disease  caused  by  P.  falciparum  

Ê P.  falciparum  accounts  for  majority  of  malaria  cases  world-­wide



Malaria  life  cycle  in  humans

Mosquito  vector:
Anopheles  spp.  



Malaria-­‐related  Illness:  Infants  and  Non-­‐immunes

Repeated  infections:
Anemia,  intellectual  and  physical
growth  impairment

‘Severe’  malaria:
Profound  anemia,  CNS  pathology
with  comaand  seizures,  long  term
Sequela,  Acute  respiratory  distress  

Death,  primarily  due  to  P.  falciparum
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prognosis vary in each case. Malarial retinopathy consists 
of a group of retinal abnormalities that are unique to 
severe malaria and common in children with cerebral 
malaria. A large, prospective autopsy study of children 
who died from cerebral malaria in Malawi showed that 
malarial retinopathy was better than any other clinical or 
laboratory feature for distinguishing malarial from non-
malarial coma.26 Although most children with cerebral 
malaria regain consciousness within 48 h and seem to 
make a full neurological recovery, approximately 20% die 
and 10% have persistent neurological sequelae.27

Respiratory distress (deep breathing, Kussmaul’s 
respiration) is a clinical sign of metabolic acidosis,28 and 
has emerged as a powerful independent predictor of fatal 
outcome in falciparum malaria.20,29 It can be mis-
interpreted as cardiac failure and circulatory overload, 
especially if associated with severe tachycardia.

Severe malarial anaemia (fi gure 3; defi ned as 
haemoglobin concentration <50 g/L in the presence of 
P falciparum parasitaemia) is more common in children 
than in adults. Mortality of children with asymptomatic 
severe malarial anaemia is low (around 1%), but rises to 
more than 30% when anaemia is complicated by severe 
respiratory distress and metabolic acidosis.20

Hypoglycaemia (blood glucose concentration 
<2·2 mmol/L) is associated with a poor outcome in 
children with malaria20,29 and other severe childhood 
infections.30 Clinical evidence suggests that hypoglyc-
aemia in African children with severe malaria results 
from impaired hepatic gluconeogenesis rather than from 
quinine-induced hyperinsulinaemia.31 

Renal failure, caused by an acute tubular necrosis, a 
fairly frequent complication of severe malaria in adults, 
is rare in children.19

Severe anaemia, respiratory distress, and coma have 
been reported in infants and children with severe P vivax 
infection.14 Detailed prospective studies are needed to 
document this further and to exclude the possibility of 
concurrent bacteraemia or P falciparum co-infection.

Pathophysiology
Although there is overwhelming evidence in falciparum 
malaria for sequestration of parasitised erythrocytes in the 
microcirculation and excessive release of proinfl ammatory 
cytokines, opinion is divided over which of these represents 
the main driving force leading to disease and death.32–34 
Clarifi cation of this issue could have important implica-
tions for rational adjunctive therapy.

Sequestration of erythrocytes containing mature forms 
of P falciparum in the microvasculature of most vital 
organs is a well established feature of fatal falciparum 
malaria in adults;35 by contrast, confi rmation of its 
occurrence in children has been relatively recent.23 
Sequestration results from the interaction between 
parasite-derived molecules expressed on the surface of 
infected erythrocytes36 and receptors expressed on the 
surface of the vascular endothelium, of which intercellular 

adhesion molecule 1 (ICAM1) is probably the most 
important within the brain.37 Upregulation of ICAM1 and 
other endothelial receptors by the proinfl ammatory 
cytokine tumour necrosis factor (TNF) α is thought to 
promote cytoadherence of erythrocytes and platelet 
thrombi within the cerebral microvasculature.37,38 
Angiopoetin 2 sensitises vascular endothelium to the 
action of TNFα,39 and increased concentrations in adults 
and children with severe malaria are associated with 
poor clinical outcome.40 Raised concentrations of 
angiopoetin 2 might also compromise the integrity of the 
blood–brain barrier,41 leading to leakage of plasma 
proteins, perivascular oedema, and neuronal injury, 
although cerebral oedema is not usually pronounced. 
Instead, brain swelling is probably caused by increased 
blood volume secondary to sequestration of infected 
erythrocytes and increased cerebral blood fl ow.42 Evidence 
from autopsies in Malawian children with cerebral 
malaria suggests that there is dysregulation of the 
coagulation system,43 with accumulation of thrombi, 
microhaemorrhages, and platelets in cerebral 
microvessels.23,44 Reduced deformability of parasitised 
erythrocytes contributes to impaired microcirculatory 
fl ow and is a strong predictor of mortality in children and 
adults.45 Direct in-vivo observation of microcirculatory 
fl ow in adults with severe malaria has shown extensive 
microvascular obstruction in proportion to disease 
severity.46 Retinopathy in African children with cerebral 
malaria is associated with areas of capillary non-perfusion 
on fl uorescein angiography47 and, in fatal cases, 
histopathological evidence of sequestration in both the 
retinal48 and cerebral microvasculature.23

Severe malaria has features in common with severe 
sepsis syndromes. The pathophysiology of both disorders 
might refl ect a cytokine-driven systemic infl ammatory 
response.32 Clinical symptoms of malaria are associated 
with cyclic rupture of infected erythrocytes and the 

Figure 3: Malarial anaemia—pallor of child’s palm with his mother’s for 
comparison
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How  does  an  
epidemiologist  think  of  
scale  in  studying  
malaria?  



World-­‐wide  population  at  risk  for  
malaria,2013

Global  Malaria  Mapper,  WHO,  2016



World-­‐wide  population  at  risk  for  
malaria,2013

Global  Malaria  Mapper,  WHO,  2016
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Variability  of  malaria  transmission  in  Kenya

Rainey,  2007,  Moorman,  2005

  Age Group (years) 
  1-4  5-9 10-14 All ages 
  n (%) n (%) n (%) n (%) 
Kisumu      

 No. of subjects  34 (32) 37 (35) 35 (33) 106 (100) 
 EBV seropositive 32 (94) 37 (100) 35 (100) 104 (98) 
 Mean hemoglobin (g/dl) 9.72 12.25 12.51 11.53 
 Subjects with P.f. positive smear 26 (77) 27 (73) 29 (83) 82 (77) 
 Mean body temperature (oC) 36.80 36.76 36.89 36.82 

Nandi      
 No. of subjects 39 (30) 50 (38) 41 (32) 130 (100) 
 EBV seropositive 36 (92) 50 (100) 41 (100) 127 (98) 
 Mean hemoglobin (g/dl) 12.18 12.82 13.29 12.77 
 Subjects with P.f. positive smear 3 (8) 7 (14) 11 (26) 21 (16) 
 Mean body temperature (oC) 37.21 37.18 37.09 37.16 

 



Microgeographic variability  of  
malaria

Study  Area:  Nyanza  Province

©  Jeanette  Jane  Rainey,  2007

Low  BL  risk  region
“Cold  Spot”
(SEME  )

High  BL  risk  region
“Hot  Spot”
(KANYAWEGI)



Significant  geographical  variability  in  malaria  
prevalence  even  within  small  geographic  region

eBL Low  Incidence                  eBL High  Incidence    p value  

n=107 n=151

Sumba  et  al.,  British  J.  Cancer  2010



Summary

ÊGeographic  variability  of  malaria  prevalence  
even  within  small  region.  

Ê The  percent  of  children  (the  not-­‐yet  immunes)  
that  have  parasites  in  their  blood  is  an  indicator  
of  how  much  malaria  exists  within  a  region.    



Antibodies  to  malaria  have  a  short  
half-­‐life
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Immunity  to  malaria  slow  to  develop



Summary

ÊGeographic  variability  of  malaria  prevalence  
even  within  small  region.  

Ê The  percent  of  children  (the  not-­‐yet  immunes)  
that  have  parasites  in  their  blood  is  an  indicator  
of  how  much  malaria  exists  within  a  region.

Ê Immunity  to  malaria  is  slow  to  develop,  only  
protects  against  disease  and  not  to  re-­‐infection.

ÊMalaria  can  be  considered  a  chronic  infection  of  
children  in  holoendemic  regions

Ê



Adapted  from  Martens  and    Thomas

Immunity

Transmissio
n



How  does  climate  affect  malaria  
prevalence  and  distribution?

the  predicted  climate-­‐malaria  models  hold  
true  only  if  no  actions  are  taken.

Earth  and  Planetary  Sciences » "Human  and  
Social  Dimensions  of  Climate  Change",  
Impact  of  Climate  Change  on  the  Geographic  
Scope  of  Diseases



Malaria  interventions  
have  reduced  parasite  
prevalence  in  last  
decade

Insecticide  treated  bed  nets

Indoor  residual  spraying

New  anti-­‐malaria  drugs

Malaria  Atlas  Project



Does  climate  change  result  in  malaria  
transmission  in  new  regions  of  Africa?

Yes No

TRENDS  in  Parasitology  Vol.21  No.2  February  2005



Malaria  and  climate  change:  
unanswered  questions

ÊHow  do  we  bring  the  scales  of  climatology  
and  malaria  epidemiology  together  to  
increase  our  predictive/analytic  power?  

ÊHow  do  interventions  affect  our  modeling  
of  disease?  

ÊDoes  malaria  contribute  to  other  chronic  
diseases?    




