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Malaria and HIV/AIDSMalaria and HIV/AIDS

Impact of HIV/AIDSImpact of HIV/AIDS
–– Africa = 28.5 million cases (2/3)Africa = 28.5 million cases (2/3)

•• 73% of all pediatric infections worldwide73% of all pediatric infections worldwide

•• New infections in 2005: 3.2 millionNew infections in 2005: 3.2 million
•• Children with HIV/AIDS in 2005: >2.7 millionChildren with HIV/AIDS in 2005: >2.7 million

•• AIDS orphans in 2005: 14 millionAIDS orphans in 2005: 14 million

Impact of MalariaImpact of Malaria
•• 350350--500 million clinical cases per year 500 million clinical cases per year 

(primarily in sub(primarily in sub --Saharan Africa)Saharan Africa)

•• 1.51.5--2.7 million deaths (90% in children less 2.7 million deaths (90% in children less 
than 5 years due to nonthan 5 years due to non --immune status)immune status)

•• ~1 million deaths due to severe malaria in ~1 million deaths due to severe malaria in 
African children (~ 18African children (~ 18 --22% all22% all --cause mortality)cause mortality)



Malaria and HIV/AIDS in subMalaria and HIV/AIDS in sub --Saharan AfricaSaharan Africa

www.netcare.co.za/images/contentimg/ new/Africa_Mal aria.jpgwww.netcare.co.za/images/contentimg/ new/Africa_Mal aria.jpg

Clinical Clinical FeaturesFeatures of P. falciparum Malariaof P. falciparum Malaria

•• P. falciparum P. falciparum accounts for the greatest accounts for the greatest 
amount of malariaamount of malaria --related morbidity and related morbidity and 
mortality worldwidemortality worldwide

•• P. falciparumP. falciparum can cause severe malaria:can cause severe malaria:
-- hyperparasitemiahyperparasitemia
-- hypoglycemiahypoglycemia
-- metabolic acidosismetabolic acidosis
-- organ failure (e.g., kidneys)organ failure (e.g., kidneys)
-- cerebral malariacerebral malaria
-- severe anemia (Hb<5.0 g/dL)severe anemia (Hb<5.0 g/dL)
-- acute respiratory distressacute respiratory distress

Severe Malarial AnemiaSevere Malarial Anemia

Cerebral Malaria Cerebral Malaria 



Overlapping Clinical Features of Pediatric Overlapping Clinical Features of Pediatric 
Malaria, HIV/AIDS, and BacteremiaMalaria, HIV/AIDS, and Bacteremia

•• Common clinical features of malaria, Common clinical features of malaria, 
HIV/AIDS, and bacteremia in children:HIV/AIDS, and bacteremia in children:
-- feverfever
-- diarrheadiarrhea
-- failure to thrivefailure to thrive
-- organ dysfunction organ dysfunction 
-- anemiaanemia
-- acute respiratory distressacute respiratory distress

•• Children in Children in P. falciparum P. falciparum endemic areasendemic areas
often have malaria parasitemia (83%)often have malaria parasitemia (83%)

•• However, many children often have However, many children often have 
additional undiagnosed pathogens, such additional undiagnosed pathogens, such 
as HIV and bacterial infections,as HIV and bacterial infections, yet are yet are 
only treated for malariaonly treated for malaria

Conclusion:Conclusion: Appropriate management and control of pediatric inf ectious Appropriate management and control of pediatric inf ectious 
diseases in African children require diagnosis and concomitant diseases in African children require diagnosis and concomitant 
exploration of a number of different pathogensexploration of a number of different pathogens

Role of Immunity in MalariaRole of Immunity in Malaria
•• No pattern of immune responsiveness is yet No pattern of immune responsiveness is yet 

predictive of protection or pathogenesis predictive of protection or pathogenesis 

•• Degree of immune responsiveness is often Degree of immune responsiveness is often 
predictive of malaria pathogenesispredictive of malaria pathogenesis

•• Immune naImmune na ïïve individuals have a robust immune ve individuals have a robust immune 
response that causes or contributes to response that causes or contributes to 
increased pathogenesisincreased pathogenesis

•• Cerebral malaria and malarial anemia are often Cerebral malaria and malarial anemia are often 
associated with overassociated with over --expression of type 1 (proexpression of type 1 (pro --
inflammatory) mediators inflammatory) mediators 

•• Vaccine used in endemic areas may need to Vaccine used in endemic areas may need to 
take advantage of natural boosting by ongoing take advantage of natural boosting by ongoing 
parasite exposure to provide longparasite exposure to provide long --lived lived 
protectionprotection

•• Potential for enhanced immunoPotential for enhanced immuno --pathogenesis pathogenesis 
must be taken into account in vaccine must be taken into account in vaccine 
development effortsdevelopment efforts



Severe Malarial AnemiaSevere Malarial Anemia
Severe malarial anemia (SMA):Severe malarial anemia (SMA):

•• Responsible for the greatest malariaResponsible for the greatest malaria --associated associated 
morbidity and mortality resulting in ~1.2 million d eaths morbidity and mortality resulting in ~1.2 million d eaths 
per annumper annum

•• Mortality can be as high as 30% in holoendemic area sMortality can be as high as 30% in holoendemic area s

•• Greater than 50% of SMA mortality occurs within the  Greater than 50% of SMA mortality occurs within the  
first 24 hours of hospital admissionfirst 24 hours of hospital admission

•• SMA can be accompanied by cerebral malaria SMA can be accompanied by cerebral malaria 
(uncommon in holoendemic areas)(uncommon in holoendemic areas) and respiratory and respiratory 
distress distress 

•• Pathogenesis cannot be explained solely on the basi s Pathogenesis cannot be explained solely on the basi s 
of hemolysis of parasitized red blood cellsof hemolysis of parasitized red blood cells

•• Anemia is often disproportionate with the level of Anemia is often disproportionate with the level of 
parasitemiaparasitemia

•• Balance between Balance between red blood cell production and red blood cell production and 
destructiondestruction determines anemia statusdetermines anemia status

Severe Malarial Anemia: EpidemiologySevere Malarial Anemia: Epidemiology
•• Disease severity, incidence, and age of onset of SM A is determinDisease severity, incidence, and age of onset of SM A is determin ed by the ed by the 

intensity of malaria transmissionintensity of malaria transmission

1) Holoendemic areas1) Holoendemic areas with stable transmission leads to SMA between 5 mos . with stable transmission leads to SMA between 5 mos . 
and 3 years (cerebral malaria is rare)and 3 years (cerebral malaria is rare)

2) Hyperendemic areas2) Hyperendemic areas with unstable transmission leads to anemia in older  with unstable transmission leads to anemia in older  
children (some cerebral malaria)children (some cerebral malaria)

3) Epidemic malaria and areas of low endemicity3) Epidemic malaria and areas of low endemicity result in both malarial result in both malarial 
anemia and cerebral malaria (cerebral malaria is mo re common)   anemia and cerebral malaria (cerebral malaria is mo re common)   
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Prevalence of anemia increases up Prevalence of anemia increases up 
to 17 mos to 17 mos 

Children < 24 mo at highest riskChildren < 24 mo at highest risk

Marked anemia is less common in Marked anemia is less common in 
children 3children 3 --5 yrs of age5 yrs of age

Desai, et al., ASTMH 49th Annual Meeting, Houston, Oct 28-Nov 2, 2000.



StageStage --Specific Immune ResponsesSpecific Immune Responses

Experimental Experimental 

observations indicate observations indicate 

that protective that protective 

immunity involves immunity involves 

multiple multiple differentdifferent

immune responses: immune responses: 

humoralhumoral and and cellularcellular . . 

Our efforts are currently Our efforts are currently 

aimed at defining the aimed at defining the 

innate immune innate immune 

responseresponse patterns in patterns in 

immune naimmune na ïïve infants ve infants 

and young childrenand young children

Hill, Nature Reviews/Immunology, Hill, Nature Reviews/Immunology, 2006.2006.

•• Like many other infectious diseases, susceptibility  to severe Like many other infectious diseases, susceptibility  to severe 
malaria differs considerably among individualsmalaria differs considerably among individuals

•• In areas of holoendemic malaria transmission such a s Siaya, nearIn areas of holoendemic malaria transmission such a s Siaya, near ly ly 
all children experience repeated infections prior t o acquiring all children experience repeated infections prior t o acquiring 
clinical immunity, clinical immunity, but only a small fraction (but only a small fraction ( ~~10%) of the children 10%) of the children 
develop SMAdevelop SMA

•• Many common variants interact to determine disease severity, butMany common variants interact to determine disease severity, but
phenotypic variability in malaria disease outcomes is significanphenotypic variability in malaria disease outcomes is significan tly tly 
influenced by genetic variation influenced by genetic variation –– particularly in immune response particularly in immune response 
genesgenes

•• Malaria is a polygenic disease with susceptibility resulting froMalaria is a polygenic disease with susceptibility resulting fro m the m the 
net result of interactions between many genes at di fferent locinet result of interactions between many genes at di fferent loci

•• Solution Solution –– wellwell --defined cohorts that consider all (or much of) the defined cohorts that consider all (or much of) the 
above variablesabove variables

Understanding the Genetic Basis of SMAUnderstanding the Genetic Basis of SMA



Working Model: ImmuneWorking Model: Immune --Mediated Mediated 
Suppression of Erythropoiesis Suppression of Erythropoiesis 

•• Balance between proBalance between pro -- and antiand anti --inflammatory cytokines culminate in effector molecu le inflammatory cytokines culminate in effector molecu le 
production that mediate suppression of erythropoies is production that mediate suppression of erythropoies is 

•• Polymorphic variability in innate immune response g enes regulatePolymorphic variability in innate immune response g enes regulate disease susceptibilitydisease susceptibility
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Potential Solutions to Control SMAPotential Solutions to Control SMA

•• Gain an understanding of the genetic and immunologi cal basis of Gain an understanding of the genetic and immunologi cal basis of protective protective 
immunityimmunity

•• Identify novel targets for therapeutic intervention  Identify novel targets for therapeutic intervention  

•• Determine reliable markers for measuring protection  and pathogenDetermine reliable markers for measuring protection  and pathogen esis for esis for 
use in targeted pharmacologic and/or vaccine trials  use in targeted pharmacologic and/or vaccine trials  

Kisumu Kisumu 
and Siaya, and Siaya, 
western western 
KenyaKenya

 N 

Ñ 

# 

U K W A L A 

B O R O 

U G U N J A 

Y A L A 
UOP Lab in Kisian/KEMRI 

Nairobi 

Mombasa 

Kisumu 

LAKE 

Kisumu City 

Siaya town 

0 5 0 1 0 0 
KM.  

Kisumu District 

Bondo District 

Siaya District 

Vihiga District 

Kakamega District Busia District 

Siaya District Hospital 

Main UOP lab in Siaya 
District hospital 



Siaya District: DemographicsSiaya District: Demographics
•• Equatorial climate with holoendemic Equatorial climate with holoendemic P. P. 

falciparumfalciparum transmission where  transmission where  
residents receive up to 300 infective residents receive up to 300 infective 
mosquito bites per annummosquito bites per annum

•• Population is estimated at ~1 million Population is estimated at ~1 million 
people, with 81,304 children below 5 people, with 81,304 children below 5 
years of ageyears of age

•• Infant mortality rates in children less 5 Infant mortality rates in children less 5 
years are up to 31% (highest in Kenya)years are up to 31% (highest in Kenya)

•• Malaria is the primary cause of Malaria is the primary cause of 
childhood morbidity and mortality childhood morbidity and mortality 
followed by respiratory infections and followed by respiratory infections and 
HIVHIV

•• Highest HIV rates in Kenya: 17% Highest HIV rates in Kenya: 17% 
prevalence in adults, 36% in pregnant prevalence in adults, 36% in pregnant 
women presenting at antenatal clinicwomen presenting at antenatal clinic

•• HIV prevalence in children is unknownHIV prevalence in children is unknown

University of New Mexico/KEMRI Laboratories University of New Mexico/KEMRI Laboratories 
and Pediatric Research Facilities in Siayaand Pediatric Research Facilities in Siaya

Established clinical laboratory facilities to Established clinical laboratory facilities to 
perform:perform:

1)1) Comprehensive hematological investigationsComprehensive hematological investigations

2)2) Identification of hemoglobinopathies and genetic Identification of hemoglobinopathies and genetic 
disorders (e.g., sickle cell anemia, G6PD disorders (e.g., sickle cell anemia, G6PD 
deficiency, etc.)deficiency, etc.)

3)3) Diagnosis of malaria, pediatric HIV, and blood Diagnosis of malaria, pediatric HIV, and blood 
borne bacterial pathogensborne bacterial pathogens

Improved clinical infrastructure:Improved clinical infrastructure:

1)1) Extensive renovations of the hospital (running Extensive renovations of the hospital (running 
water, electricity, sanitation, mosquito control water, electricity, sanitation, mosquito control 
measures, etc.)measures, etc.)

2)2) Donation of >250,000 USD worth of medical Donation of >250,000 USD worth of medical 
supplies and equipment in partnership with Global supplies and equipment in partnership with Global 
Links (Links ( www.globallinks.orgwww.globallinks.org ))

3)3) Established first pediatric ARV program in western Established first pediatric ARV program in western 
Kenya with the CDC and Ministry of Health, KenyaKenya with the CDC and Ministry of Health, Kenya



University of New Mexico/KEMRI Laboratories University of New Mexico/KEMRI Laboratories 
in Kisumu and UNM IMRTPin Kisumu and UNM IMRTP

Established molecular research facilities at the Established molecular research facilities at the 
Centre for Global Health Research:Centre for Global Health Research:

1)1) MolecularMolecular --based identification of pediatric HIVbased identification of pediatric HIV --1 1 
(proviral DNA PCR) (proviral DNA PCR) –– this facility now serves as this facility now serves as 
an HIV reference laboratory for western Kenyaan HIV reference laboratory for western Kenya

2)2) Genetic and molecular immunological research Genetic and molecular immunological research 
activitiesactivities

Improved scientific and clinical skills:Improved scientific and clinical skills:

1)1) Established University of Pittsburgh International Established University of Pittsburgh International 
Malaria Training and Research Program (2002) in Malaria Training and Research Program (2002) in 
partnership with Kenyatta University (Nairobi) partnership with Kenyatta University (Nairobi) 
and Maseno University (western Kenya) and Maseno University (western Kenya) 

2)2) Trained African scientists and clinicians in basic Trained African scientists and clinicians in basic 
research methodologies, stateresearch methodologies, state --ofof --thethe --art art 
molecular techniques, and management of molecular techniques, and management of 
pediatric infectious diseasespediatric infectious diseases

3)3) To date trained over 15 longTo date trained over 15 long --term and 80 shortterm and 80 short --
term traineesterm trainees

CommunityCommunity --Based ActivitiesBased Activities

Fig 3.  GIS mapping of Siaya District. Fig 3.  GIS mapping of Siaya District. 

Improved community outreach activities:Improved community outreach activities:
1)1) Utilized geospatial mapping to followUtilized geospatial mapping to follow --up children for up children for 

investigating longitudinal outcomes of pediatric investigating longitudinal outcomes of pediatric 
infectious diseases (malaria, HIV, and bacteremia) infectious diseases (malaria, HIV, and bacteremia) 

2)2) Trained caregivers to identify serious childhood Trained caregivers to identify serious childhood 
illnesses for earlier presentation at hospitalillnesses for earlier presentation at hospital
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Study Design for Sample and Data Collection

birth
3 mo 6 mo 9 mo 12 mo 15 mo 18 mo 21 mo 24 mo

Recruitment Follow-up

27 mo 30 mo
birth

3 mo 6 mo 9 mo 12 mo 15 mo 18 mo 21 mo 24 mo

Recruitment Follow-up

27 mo 30 mo

Increased Prevalence of AnemiaIncreased Prevalence of Anemia --Promoting CoPromoting Co --infections infections 

•• HIV/AIDS, bacteremia, pneumonia, urinary tract infe ctions, hookwHIV/AIDS, bacteremia, pneumonia, urinary tract infe ctions, hookw orm, nutritional status (nutritional orm, nutritional status (nutritional 
deficiencies), hemoglobinopathies, hematinic defici ency,  G6PD ddeficiencies), hemoglobinopathies, hematinic defici ency,  G6PD d eficiencyeficiency

•• One or all of these features may be present is case s of malarialOne or all of these features may be present is case s of malarial anemiaanemia

 HC UM MlMA MdMA SMA p 

No. of individuals 70 38 148 167 257  

Age (mos) 9.1 (0.9) 12.2 (1.4) 12.4 (0.6) 11.9 (0.5) 9.9 (0.4) <0.001 a 

Gender (female, %) 62.1 51.4 39.3 51.6 51.0 0.070 b 

Sickle cell trait, %  21.0 18.2 19.1 14.3 9.6 0.002 b  

G6PD deficiency, % 11.1 13.3 1.4 10.6 10.3 0.140 b 

Parasitemia (/mL) 0 81725 
(16368) 

51989 
(5251) 

49033 
(5288) 

64663 
(6621) 

0.113 a 

HDP, n (%) 0 29 (82.9) 102 (73.4) 108 (70.1) 154 (75.5) 0.411b 

Red Blood Cell Indices       

   RBC (x1012/L) 5.1 (0.1) 4.8 (0.1) 4.2 (0.1)**   3.2 (0.1)** 2.2 (0.1)** <0.001 a 

   Hb (g/dL) 11.8 (0.1) 11.6 (0.1) 9.3 (0.1)** 6.9 (0.1)** 4.8 (0.1)** <0.001 a 

   Hct (%) 36.0 (0.4) 35.2 (0.5) 28.4 (0.2)** 21.6 (0.2)** 15.1 (0.2)** <0.001 a 

   ARN ( x109/L) 81.6 (11.0) 78.6 (11.4) 101.7 (6.1)* 131.8 
(8.5)** 

118.9 
(7.1)** 

<0.001 a 

RPI < 2.0, n (%) 52 (89.7) 31 (88.6) 134 (95.7) 136 (87.7) 194 (95.6) 0.008 b 

Co-infection Status       

  1 HIV-1(exp), % 12.9 10.5 17.6 21.6 19.8 0.184 b 

  2 HIV-1(+), % 2.8 0*** 3.4 3.0 8.2 0.039 b 

  3 Bacteremia(+), % 4.2 4.2*** 5.4*** 8.9 13.6* 0.024 b 



Prevalence of AnemiaPrevalence of Anemia --PromotingPromoting
CoCo--infections infections 

•• In 882 children the overall prevalence of coIn 882 children the overall prevalence of co --infection was: bacteremia infection was: bacteremia (12%)(12%), HIV, HIV--1 1 
exposed exposed (24%)(24%), and HIV, and HIV--1 positive 1 positive (6%)(6%)
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Nti, et al., Nti, et al., AIDS,AIDS, 2005.2005. Davenport, et al., Davenport, et al., AIDSAIDS. submitted.. submitted.
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Impact of HIVImpact of HIV --1 on SMA 1 on SMA 

 SMA (Hb < 5.0 g/dL) a SMA (Hb < 6.0 g/dL) b HDP ( � 10,000 parasites/ � L) 

 OR 95% CI p OR 95% CI p OR 95% CI p 

HIV-1(-) 1.00 - - 1.00 - - 1.00 - - 

HIV-1(exp) c 1.37 0.63 – 2.99 0.430 2.17 1.25 – 3.78 < 0.01 1.18 0.70 – 1.96 0.535 

HIV-1(+) c 5.93 2.14 – 16.45 < 0.001 8.71 3.37 – 22.51 < 0.0001 0.64 0.27 – 1.53 0.320 

HIV-1(+) d 4.33 1.47 – 12.72 < 0.01 4.00 1.51 – 10.62 < 0.01 0.55 0.22 – 1.37 0.199 

 

Multivariate logistic regression, controlling for a ge and genderMultivariate logistic regression, controlling for a ge and gender , was used to determine the , was used to determine the 
association of HIVassociation of HIV --1 status [i.e., HIV1 status [i.e., HIV --1(1(--), n=194; HIV), n=194; HIV --1(exp), n=100, or HIV1(exp), n=100, or HIV --1(+), n=23] with SMA and 1(+), n=23] with SMA and 
HDP.  HDP.  

aa Definition of SMA according to WHO criteriaDefinition of SMA according to WHO criteria
bb Modified definition of SMA based on Hb distribution s within an Modified definition of SMA based on Hb distribution s within an ageage-- and geographicallyand geographically --referenced referenced 
population.population.
cc Odds ratio relative to HIVOdds ratio relative to HIV --1(1(--) group.) group.
dd Odds ratio relative to HIVOdds ratio relative to HIV --1(exp) group.1(exp) group.

Otieno, et al., Otieno, et al., AIDSAIDS, 2006., 2006.

Bacterial Isolates in Children with Malaria  Bacterial Isolates in Children with Malaria  

Most common blood Most common blood 
culture isolates were culture isolates were S. S. 
aureusaureus and and S. typhimuriumS. typhimurium

Greater percentage of Greater percentage of 
Gram (Gram ( --) isolates (27.9%), ) isolates (27.9%), 
which also showed the which also showed the 
greatest impact on Hb greatest impact on Hb 
(mean 8.2 g/dL) relative to (mean 8.2 g/dL) relative to 
Gram (+)Gram (+) --infected children infected children 
(9.0 g/dL) (9.0 g/dL) 

Similarly, children with Similarly, children with 
Gram (Gram ( --) bacteremia had ) bacteremia had 
higher HIVhigher HIV --1 rates (14.6%) 1 rates (14.6%) 
than either Gram (+) than either Gram (+) 
bacteremic children (10%) bacteremic children (10%) 
or aseptic children (11%)  or aseptic children (11%)  
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Malarial Anemia Pathogenesis:Malarial Anemia Pathogenesis:
Hematological FindingsHematological Findings

•• Severity of anemia is largely unrelated to the leve l of parasiteSeverity of anemia is largely unrelated to the leve l of parasite miamia

•• In the absence of coIn the absence of co --infection, suppression of erythropoiesis is common in infection, suppression of erythropoiesis is common in 
children with malarial anemia (reticulocyte product ion index, RPchildren with malarial anemia (reticulocyte product ion index, RP I<2.0)I<2.0)

•• RPI is a measure of reticulocyte production that co rrects for boRPI is a measure of reticulocyte production that co rrects for bo th the degree th the degree 
of anemia and the early release of reticulocytes fr om the bone mof anemia and the early release of reticulocytes fr om the bone m arrow in arrow in 
anemic patientsanemic patients

OngOng ’’echa, et al., Am J Trop Med Hyg. 2005. echa, et al., Am J Trop Med Hyg. 2005. 

 HC  UM  MlMA  MdMA  SMA  P value 

No. of individuals 58 35 140 155 206  

Age, mos. 9.1 (0.9) 12.2 (1.4) 12.4 (0.6) 11.9 (0.5) 9.9 (0.4) <0.0001 

Gender,(female (%) 62.1 51.4 39.3 51.6 51.0 0.070 

Hb, g/dL 11.8 (0.1) 11.6 (0.1) 9.3 (0.1)** 6.9 (0.1)** 4.8 (0.1)** <0.0001 

Hct, % 36.0 (0.4) 35.2 (0.5) 28.4 (0.2)** 21.6 (0.2)** 15.1 (0.2)** <0.0001 

RPI - 1.99 (0.49) 1.41 (0.09) 1.34 (0.08) 1.08 (0.07) <0.0001 

Parasitemia, /m) - 81725 
(16368) 

51989 
(5251) 

49033 
(5288) 

64663 
(6621) 

0.113 

HDP, n (%) - 29 (82.9) 102 (73.4) 108 (70.1) 154 (75.5) 0.411 

Strategy for Analyses of Genetic Markers of Strategy for Analyses of Genetic Markers of 
Disease Susceptibility to SMA: Disease Susceptibility to SMA: 

Candidate Gene ApproachCandidate Gene Approach
•• Control for confounding factors such as nutritional  status, gendControl for confounding factors such as nutritional  status, gend er, er, 

and sickle cell trait and sickle cell trait 

•• Determine and exclude coDetermine and exclude co --infections (i.e., bacteremia and HIVinfections (i.e., bacteremia and HIV --1 1 
exposure and infection)exposure and infection)

•• Separate analyses for disease presentations (SMA, H b <6.0 g/dL; Separate analyses for disease presentations (SMA, H b <6.0 g/dL; 
and HDP, parasitemia >10,000/and HDP, parasitemia >10,000/ mmmmmmmmL) L) 

•• Select polymorphisms in innate immune response gene s with Select polymorphisms in innate immune response gene s with 
demonstrated associations of disease susceptibility  and functiondemonstrated associations of disease susceptibility  and function al al 
changes in gene products in malaria and/or other in flammatory changes in gene products in malaria and/or other in flammatory 
diseasesdiseases

•• Once genetic variants of interest are identified, i nvestigate Once genetic variants of interest are identified, i nvestigate 
mechanisms of protection/pathogenesis by examining functionalitymechanisms of protection/pathogenesis by examining functionality
of polymorphismsof polymorphisms



Strategy for Analyses of Genetic Markers Strategy for Analyses of Genetic Markers 
SingleSingle --nucleotide Polymorphisms (SNPs)nucleotide Polymorphisms (SNPs)

•• VariationVariation in the DNA sequences of affect in the DNA sequences of affect 
how humans develop diseases and how humans develop diseases and 
respond to pathogens, chemicals, drugs, respond to pathogens, chemicals, drugs, 
vaccines, and other agentsvaccines, and other agents

•• SingleSingle --nucleotide polymorphism (SNP) nucleotide polymorphism (SNP) = = 
DNA sequence variation in a single DNA sequence variation in a single 
nucleotide nucleotide —— A, T, C, or G A, T, C, or G —— in the in the 
genome (or other shared sequence)genome (or other shared sequence)

•• Within a population, SNPs can be Within a population, SNPs can be 
assigned a assigned a minor allele frequency minor allele frequency —— the the 
lowest allele frequency at a locus that is lowest allele frequency at a locus that is 
observed in a particular population observed in a particular population 

DNA molecule 1 differs from DNA DNA molecule 1 differs from DNA 
molecule 2 at a single basemolecule 2 at a single base --pair pair 
location (a C/T polymorphism)location (a C/T polymorphism)

SNPs and Disease SusceptibilitySNPs and Disease Susceptibility

Genotype Transition Number 
COX-2 -512  C/T 1 
IL-1a -889 C/T 2 
IL-1a 4845  G/T 3 
IL-1b -511  G/A 4 
IL-1b -137  G/C 5 
IL-1b -31 C/T 6 
IL-1b 3957  G/A 7 
IL-10 -1082 T/C 8 
IL-10 -819  C/T 9 
MIF -173  G/C 10 
NOS2 -954 G/C 11 
TNF-a -238 G/A 12 
TNF-a -308  C/T 13 
TNF-a -376  C/T 14 

Genotype Transition Number 
COX-2 -512  C/T 1 
IL-1a -889 C/T 2 
IL-1a 4845  G/T 3 
IL-1b -511  G/A 4 
IL-1b -137  G/C 5 
IL-1b -31 C/T 6 
IL-1b 3957  G/A 7 
IL-10 -1082 T/C 8 
IL-10 -819  C/T 9 
MIF -173  G/C 10 
NOS2 -954 G/C 11 
TNF-a -238 G/A 12 
TNF-a -308  C/T 13 
TNF-a -376  C/T 14 
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Summary:Summary:

•• Complex association between SNPs and disease suscep tibilityComplex association between SNPs and disease suscep tibility

•• Some SNPs protect against the development of SMA, b ut not parasiSome SNPs protect against the development of SMA, b ut not parasi temiatemia

•• Other SNPs protect against parasitemia, but not SMAOther SNPs protect against parasitemia, but not SMA

•• Several SNPs enhance susceptibility to both SMA and  parasitemiaSeveral SNPs enhance susceptibility to both SMA and  parasitemia

•• Complex association between genotypic variants that  does not alwComplex association between genotypic variants that  does not alw ays follow a dosing effect ays follow a dosing effect 

Generated 22,000 genotypes in 21 different innate i mmune responsGenerated 22,000 genotypes in 21 different innate i mmune respons e genes in >800 childrene genes in >800 children



Strategy for Assigning Functionality: Strategy for Assigning Functionality: 
Measurement of Soluble MediatorsMeasurement of Soluble Mediators

•• Measure soluble mediators Measure soluble mediators 
(cytokines, chemokines, (cytokines, chemokines, 
and growth factors) in a and growth factors) in a 
multimulti --plex fashion (25plex fashion (25 --plex plex 
LuminexLuminex --based assaybased assay

•• Examine association Examine association 
between genetic variation between genetic variation 
and levels of inflammatory and levels of inflammatory 
mediators in the various mediators in the various 
experimental groupsexperimental groups

•• Ideal for low starting Ideal for low starting 
volumes and precise, highvolumes and precise, high --
throughput  analysesthroughput  analyses

Dysregulation in Innate Immune Dysregulation in Innate Immune 
Response Genes in Severe Malarial Response Genes in Severe Malarial 

Anemia: Role of Macrophage Anemia: Role of Macrophage 
Migration Inhibitory Factor (MIF)Migration Inhibitory Factor (MIF)



Macrophage Migration Inhibitory FactorMacrophage Migration Inhibitory Factor

•• ProPro --inflammatory cytokine inflammatory cytokine -- regulates regulates 
additional innate inflammatory additional innate inflammatory 
mediators mediators ((Thierry and Thierry, Nat. Rev. Immunol., Thierry and Thierry, Nat. Rev. Immunol., 

2003.2003.) ) 

•• Increased in blood vessel walls of Increased in blood vessel walls of 
Malawian children with fatal cerebral Malawian children with fatal cerebral 
malaria; comalaria; co --localized with iNOS localized with iNOS ((Clark, Clark, et alet al ., ., 

Malaria J., 2003.Malaria J., 2003. ))

•• Increased in blood of mice infected with Increased in blood of mice infected with 
P. chabaudiP. chabaudi : correlated with severity of : correlated with severity of 
anemia; suggested to suppress anemia; suggested to suppress 
erythropoiesis erythropoiesis ((Martiney, Martiney, et alet al ., Inf. Immun., 2000.., Inf. Immun., 2000. ))

•• Our recent study in Gabonese children was the first  examining MIOur recent study in Gabonese children was the first  examining MI F F 
production in peripheral blood of children with production in peripheral blood of children with P. falciparumP. falciparum malaria malaria 
((Awandare, Awandare, et alet al ., Clin. Immunol., 2006.., Clin. Immunol., 2006. ))

Healthy children (aparasitemic and afebrile for 1 m onth or more)Healthy children (aparasitemic and afebrile for 1 m onth or more) stratified into:stratified into:

1) Prior mild malaria (PMM, n=16): history of mild malaria  1) Prior mild malaria (PMM, n=16): history of mild malaria  

2) Prior severe malaria (PSM, n=12): history of sev ere malaria2) Prior severe malaria (PSM, n=12): history of sev ere malaria

MIF Production in Healthy Gabonese Children MIF Production in Healthy Gabonese Children 
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Awandare Awandare et alet al ., ., Am J Trop Med Hyg., Am J Trop Med Hyg., 2007 2007 

p < 0.05



Circulating MIF Concentrations in Kenyan Circulating MIF Concentrations in Kenyan 
Children with Malarial AnemiaChildren with Malarial Anemia

Clinical Categories

HC UM MlMA MdMA SMA 
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n=39 n=26 n=75 n=98 n=109

Awandare, Awandare, et alet al .,., Infect. Immun.,Infect. Immun., 2007. 2007. 

Genetic Variation in the MIF GeneGenetic Variation in the MIF Gene

•• G to C transition at G to C transition at --173 creates a potential AP4 binding site173 creates a potential AP4 binding site

•• --173 SNP and 173 SNP and --794 CATT repeat variability influence both basal an d 794 CATT repeat variability influence both basal an d 
stimulistimuli --induced MIF production, and influence susceptibilit y to induced MIF production, and influence susceptibilit y to 
inflammatory diseases (arthritis, asthma, and ulcer ative colitisinflammatory diseases (arthritis, asthma, and ulcer ative colitis ))

•• Given the role of MIF in the control of inflammatio n and innate Given the role of MIF in the control of inflammatio n and innate 
immune responses, functional MIF polymorphisms coul d influence immune responses, functional MIF polymorphisms coul d influence 
susceptibility to severe malariasusceptibility to severe malaria

Adapted from Thierry and Thierry, Nat. Rev. Immunol ., 2003.Adapted from Thierry and Thierry, Nat. Rev. Immunol ., 2003.



MIFMIF--173 Genotypes and Severe Malaria173 Genotypes and Severe Malaria

•• Proportions of children with HDP differed significa ntly across gProportions of children with HDP differed significa ntly across g roupsroups

•• No significant differences in proportions of SMA ac ross groups No significant differences in proportions of SMA ac ross groups 

MIF -173 genotype
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Awandare, Awandare, et alet al ., ., Genes Immun., Genes Immun., 2006.2006.

*p < 0.05 vs. GG

MIFMIF--173 Association with Disease Severity173 Association with Disease Severity

Multivariate logistic regression controlling for  a ge, gender, aMultivariate logistic regression controlling for  a ge, gender, a nd sicklend sickle --cell trait cell trait 

Clinical definition MIF -173 genotype 

  GG         
n=90 (19%) 

GC           
n=204 (43%) 

CC          
n=183 (38%) 

Parasitemia    
 Proportion, % 80 78 71 
 Odds ratio (95% CI) 1 0.9 (0.5-1.6) 0.6 (0.3-1.1) 
 p-value NA 0.682 0.116 

High density parasitemia    
 Proportion, % 54 67 69 
 Odds ratio (95% CI) 1 1.7 (1.0-3.11) 1.9 (1.1-3.5) 
 p-value NA 0.064 0.038 

Anemia    
 Proportion, % 61 59 52 
 Odds ratio (95% CI) 1 0.9 (0.5-1.5) 0.7 (0.4-1.2) 
 p-value NA 0.591 0.196 

Severe malarial anemia    
 Proportion, % 43 34 44 
 Odds ratio (95% CI) 1 0.8 (0.4-1.4) 1.1 (0.6-2.0) 
 p-value NA 0.349 0.775 
     
 

Awandare, Awandare, et alet al .,  .,  Genes  Immun., Genes  Immun., 2006.2006.



Functional Significance of MIFFunctional Significance of MIF --173 173 

•• MIFMIF--173C allele is associated with higher baseline MIF production173C allele is associated with higher baseline MIF production

•• GG individuals have the lowest baseline MIF product ion, but seemGG individuals have the lowest baseline MIF product ion, but seem to be most responsive to be most responsive 
to malaria infection to malaria infection 

GG GC CC GG GC CC
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P<0.05

P<0.05

Frequencies, n (%)

MIF -794 genotypes AC Non-SMA SMA Total P

5,5 45 (33.6) 70 (25.8) 42 ( 31.1) 157 (29.1) 0.226

5,6 38 (28.3) 102 (37.6) 35 (25.9) 175 (32.4) 0.031

5,7 13 (9.7) 15 (5.5) 15 (11.1) 43 (8.0) 0.102

5,8 0 (0) 1 (0.4) 0 (0) 1 (0.2) NT

6,6 21 (15.7) 43 (15.9) 16 (11.9) 80 (14.8) 0.534

6,7 8 (6.0) 20 (7.4) 10 (7.4) 38 (7.0) 0.856

6,8 0 (0) 0 (0) 4 (3.0) 4 (0.7) NT

7,7 9 (6.7) 19 (7.0) 12 (8.9) 40 (7.4) 0.746

8,8 0 (0) 1 (0.4) 1 (0.7) 2 (0.4) NT

total 134 (100) 271 (100) 135 (100) 540 (100)

MIF -794 alleles

5 141 (52.6) 258 (47.6) 134 (49.6) 533 (49.4) 0.404

6 88 (32.8) 208 (38.4) 81 (30.0) 377 (34.9) 0.044

7 39 (14.6) 73 (13.5) 49 (18.2) 161 (14.9) 0.207

8 0 (0) 3 (0.5) 6 (2.2) 9 (0.8) NT

total 268 (100) 542 (100) 270 (100) 1080 (100)

MIFMIF--794 CATT794 CATT55--88 Polymorphism DistributionPolymorphism Distribution

Awandare, Awandare, et alet al .,  .,  J  Inf Dis., J  Inf Dis., 2009.2009.



Disease category

Risk relative to 5/5 genotype

5/X X/X 

Parasitemic
Odds ratio 1.57 1.43

95% CI 0.96 – 2.58 0.85 – 2.42

P 0.071 0.179

HDP
Odds ratio 1.16 1.07

95% CI 0.70 – 1.93 0.62 – 1.84

P 0.562 0.818

SMA
Odds ratio 0.74 0.92

95% CI 0.43 – 1.25 0.52 – 1.63

P 0.260 0.773

Association of MIFAssociation of MIF --794 CATT794 CATT55--88 Polymorphism with Polymorphism with 
Disease SeverityDisease Severity

•• Individuals with >5 CATT repeats are ~50% more like ly to be paraIndividuals with >5 CATT repeats are ~50% more like ly to be para sitemic, although sitemic, although 
differences are statistically significance.differences are statistically significance.

X = number of repeats >5 (i.e., 6, 7, or 8)X = number of repeats >5 (i.e., 6, 7, or 8)

Strategy for Analyses of More Informative Strategy for Analyses of More Informative 
Selection: Haplotypic ConstructionSelection: Haplotypic Construction

•• HaplotypeHaplotype = combination of alleles at multiple loci that are = combination of alleles at multiple loci that are 
transmitted together on the same chromosometransmitted together on the same chromosome

•• HaplotypeHaplotype may refer to as few as two loci or to an entire may refer to as few as two loci or to an entire 
chromosome depending on the number of recombination  events chromosome depending on the number of recombination  events 
that between a given set of locithat between a given set of loci

•• HaplotypeHaplotype is a set of single nucleotide polymorphisms (SNPs) on a is a set of single nucleotide polymorphisms (SNPs) on a 
single chromatid that are statistically associatedsingle chromatid that are statistically associated

•• Associations between haplotypes and identification of a few alleAssociations between haplotypes and identification of a few alle les les 
of a haplotype block can be used to identify all ot her polymorphof a haplotype block can be used to identify all ot her polymorph ic ic 
sites in its regionsites in its region

1)  1)  --173G       C173G       C
2)  CATT(52)  CATT(5--8)8)

5G5G
5C5C
6G6G
6C6C

7G7G
7C7C
8G8G
8C8C

GenotypesGenotypes HaplotypesHaplotypes
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Relationship between MIF HaplotypesRelationship between MIF Haplotypes
and SMAand SMA

•• Haplotypes 6G, 7C and 8C appear to be associated wi th susceptibiHaplotypes 6G, 7C and 8C appear to be associated wi th susceptibi lity to SMAlity to SMA

*P<0.05, #P<0.10, compared to non-SMA

Risk of SMA according to presence of haplotypes

6G haplotype 7C haplotype 7C or 8C haplotypes

Odds ratio 0.49 1.48 1.71

95% CI 0.31 – 0.77 0.88 – 2.48 1.04 – 2.82

P 0.002 0.132 0.035

Association of MIFAssociation of MIF --173 SNP and MIF173 SNP and MIF --794 CATT794 CATT55--88

with Disease Severitywith Disease Severity
Multivariate logistic regression controlling for  a ge, gender, HMultivariate logistic regression controlling for  a ge, gender, H IVIV--1 status and sickle1 status and sickle --cell trait cell trait 

•• 7C or 8C with 7C or 8C with --173CC: odds ratio (95% CI) = 173CC: odds ratio (95% CI) = 2.90 (1.51 2.90 (1.51 -- 5.57), 5.57), PP=0.001 =0.001 
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Functional Association of MIF Haplotypes with Functional Association of MIF Haplotypes with 
Circulating MIFCirculating MIF

•• Baseline MIF significantly decreased in children wi th 7C or 8C hBaseline MIF significantly decreased in children wi th 7C or 8C h aplotypes; no difference aplotypes; no difference 
in children with acute diseasein children with acute disease

•• No significant association between 6G haplotype and  circulating No significant association between 6G haplotype and  circulating MIF in either controls MIF in either controls 
or children with malariaor children with malaria

ConclusionConclusion
•• The genetic basis of SMA is best defined by examini ng a compreheThe genetic basis of SMA is best defined by examini ng a comprehe nsive nsive 

panel of immune response genes and constructing hap lotypespanel of immune response genes and constructing hap lotypes

•• MIF is suppressed in children with SMAMIF is suppressed in children with SMA

•• MIF MIF --173 genotype is associated with susceptibility to H DP, but not S173 genotype is associated with susceptibility to H DP, but not S MA: MA: 
GG genotype appears to be protective against HDPGG genotype appears to be protective against HDP

•• Variation at MIF Variation at MIF --173 influences both baseline and Hz173 influences both baseline and Hz --stimulated MIF stimulated MIF 
productionproduction

•• MIF MIF --794 CATT794 CATT55--88 polymorphism is not significantly associated with polymorphism is not significantly associated with 
susceptibility to SMA or HDP susceptibility to SMA or HDP 

•• The 6G haplotype is associated with protection from  SMA and incrThe 6G haplotype is associated with protection from  SMA and incr eased eased 
MIF productionMIF production

•• The 7C and 8C haplotypes are associated with enhanc ed SMA and The 7C and 8C haplotypes are associated with enhanc ed SMA and 
decreased MIF productiondecreased MIF production



Significant Reductions in MortalitySignificant Reductions in Mortality

0

5

10

15

20

25

%
 H

os
pi

ta
l M

or
ta

lit
y

2001 2006

22%

7%

0

5

10

15

20

25

%
 H

os
pi

ta
l M

or
ta

lit
y

2001 2006
0

5

10

15

20

25

%
 H

os
pi

ta
l M

or
ta

lit
y

2001 2006

22%

7%

Means of Achieving Significant Means of Achieving Significant 
Reductions in Mortality:Reductions in Mortality:

1)1) Improved clinical diagnosis of Improved clinical diagnosis of 
malaria, HIV, and bacteremiamalaria, HIV, and bacteremia

2)2) Improved clinical management of Improved clinical management of 
pediatric infectious diseases pediatric infectious diseases 
(hematological investigations, (hematological investigations, 
antimicrobial resistance testing, antimicrobial resistance testing, 
effective antimalarials,  effective antimalarials,  
implementation of pediatric ARVs implementation of pediatric ARVs 

3)3) Improved infrastructure (clean water, Improved infrastructure (clean water, 
laboratory development, increased laboratory development, increased 
staffing, and improved laboratory and staffing, and improved laboratory and 
clinical training) clinical training) 

4)4) Education of the community to Education of the community to 
identify serious childhood illnesses identify serious childhood illnesses 
(earlier presentation at hospital)(earlier presentation at hospital)

Overall ConclusionsOverall Conclusions

•• Malarial anemia is a Malarial anemia is a 
heterogeneous syndrome heterogeneous syndrome --
differs according to:differs according to:

1)1) Previous exposurePrevious exposure

2)2) Host genetic backgroundHost genetic background

3)3) Secondary infections Secondary infections –– high high 
rates of  secondary infections rates of  secondary infections 
influence malaria disease influence malaria disease 
outcomes and susceptibility outcomes and susceptibility 
(bacteremia, HIV, etc.)(bacteremia, HIV, etc.)

•• Complicated interaction Complicated interaction 
between the  parasite and host between the  parasite and host 
genes, and environmental genes, and environmental 
factorsfactors

Secondary Secondary 
InfectionsInfections
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EfficacyEfficacy
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InterpretationInterpretation
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Acute vs. Chronic Malarial AnemiaAcute vs. Chronic Malarial Anemia
1) Acute malaria1) Acute malaria –– common in uncommon in un --exposed (immuneexposed (immune --nanaïïve individuals) ve individuals) 

•• Rapidly progressive anemia with sudden onset of fev erRapidly progressive anemia with sudden onset of fev er

•• Erythropoietic correction of anemia can take 3Erythropoietic correction of anemia can take 3 --4 weeks4 weeks

•• Reduced erythropoiesis is due to suppression of ery thropoiesis, Reduced erythropoiesis is due to suppression of ery thropoiesis, altered iron altered iron 
metabolism, and dyserythropoiesismetabolism, and dyserythropoiesis

2) Chronic malaria2) Chronic malaria –– more common in previously exposed individuals more common in previously exposed individuals 

•• Insidious anemia as a result of prior exposure and some degree oInsidious anemia as a result of prior exposure and some degree o f antif anti --disease disease 
immunityimmunity

•• Parasitemia is typically lowParasitemia is typically low

•• Erythropoiesis likely not effective due to dyseryth ropoiesisErythropoiesis likely not effective due to dyseryth ropoiesis

Pigmented monocytePigmented monocyteInternuclear chromatin bridgeInternuclear chromatin bridge Bone marrow sinusoid with pRBCsBone marrow sinusoid with pRBCs

Wickramasinghe and Abdalla. Blood and bone marrow c hanges in malaria. Bailliere's Clinical Haematology  Vol. 13, 
No. 2.



Hemozoin: An ImmunoHemozoin: An Immuno --stimulatorystimulatory
Parasitic ProductParasitic Product

Plasmodia Plasmodia 
BiosynthesisBiosynthesis

HemozoinHemozoin

HemeHeme

HemoglobinHemoglobin

GlobinGlobin

Peptides & Peptides & 
Amino AcidsAmino Acids

ProteaseProtease

BiocrystallizationBiocrystallization

65.1% protein65.1% protein

15.5% FP15.5% FP--IX (core backbone)IX (core backbone)

5.9% carbohydrate5.9% carbohydrate

<0.1% lipid and nucleic acid<0.1% lipid and nucleic acid

Goldie, Goldie, et al.,et al., Am. J. Trop. Med. Hyg., 1990.Am. J. Trop. Med. Hyg., 1990.


