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MATERIALS & METHODSMATERIALS & METHODS

Study siteStudy site : : 77 hamlets in hamlets in TanaosriTanaosri subdistrictsubdistrict , , SuanSuan PhungPhung, , 
RatchaburiRatchaburi

Family dataFamily data : : family structure of family structure of 2,4472,447 participants from participants from 
244244 families were constructed by using a questionnaire.families were constructed by using a questionnaire.

Data collectionData collection : Clinical malaria episodes associated with a : Clinical malaria episodes associated with a 
slide positive for bloodslide positive for blood--stage asexual and sexual PF, PV, stage asexual and sexual PF, PV, 
PM, PO and Mixed parasites at any density were collected.PM, PO and Mixed parasites at any density were collected.

Passive case detectionPassive case detection ;; June 1998June 1998--May 2005May 2005

Active case detectionActive case detection ; June 2003; June 2003--August 2004, every 45 daysAugust 2004, every 45 days

CrossectionalCrossectional studystudy ;; 2002, for pedigree and genotypic assay2002, for pedigree and genotypic assay
+

A.A. Phenotypic preparationPhenotypic preparation
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from sea level

IKONOS  Satellite image



LocationLocation
RTIC

Map of Tanawasri Sub-district
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TrophozoiteTrophozoite and gametocyte densityand gametocyte density ; ; 

MATERIALS & METHODS (Cont.1)MATERIALS & METHODS (Cont.1)

Clinical malaria  phenotype and data transformationClinical malaria  phenotype and data transformation

P. P. falciparumfalciparum
P. P. vivaxvivax

number of all malaria attacksnumber of all malaria attacks
P. P. falciparumfalciparum
P. P. vivaxvivax

Clinical malaria attacksClinical malaria attacks ; ; 



MATERIALS & METHODS (Cont.2)MATERIALS & METHODS (Cont.2)

PhenotypesPhenotypes TransformationTransformation

CovariatesCovariates

1. Number of clinical attack
2. Number of P. falciparum infection
3. Number of P. vivax infection

Negative binomial regression

Age-group, sex, hamlet and year of study (dummy variable)

6. P. falciparum gametocyte density
7. P. vivax gametocyte density

Log10 and Log10 +1 Log10 and Log10 +1 
linear regressionlinear regression

4. P. falciparum trophozoite density
5. P. vivax trophozoite density

Log10 linear regressionLog10 linear regression

(Stata v.8.0)



B. B. Genotypic preparationGenotypic preparation
Blood samplesBlood samples ;; 10 ml of venous blood was checked for 10 ml of venous blood was checked for 

CBC, Blood chemistry, Hemoglobin typing, G6PD and DNA CBC, Blood chemistry, Hemoglobin typing, G6PD and DNA 
extraction.extraction.

DNA extraction and DNA extraction and QuantitationQuantitation ; ; 3 ml of EDTA 3 ml of EDTA 
blood and blood and buccalbuccal swab (children < 5yrs) was extracted by swab (children < 5yrs) was extracted by 
PhenolPhenol--chloroform method and then quantified by chloroform method and then quantified by PicogreenPicogreen®®
FluorimetryFluorimetry

GenotypingGenotyping ; 400 ; 400 microsatellitemicrosatellite markers were genotyped markers were genotyped 
by CNG, France.by CNG, France.

MATERIALS & METHODS (Cont.3)MATERIALS & METHODS (Cont.3)



MATERIALS & METHODS (Cont.4)MATERIALS & METHODS (Cont.4)

Phenotypic preparation

Clinical attack

Parasite density

Genotypic preparation

DNA extraction      

400 microsatellite markers   
genotyping

Heritability estimation (h2)

Pedigree-based variance component model



Estimation of heritabilityEstimation of heritability
Variance component models

H0: Vp = Ve
H1: Vp = Ve + Vg

statistic χ2 , df 1 =  2Ln (L1/L0)

Vp = variation of phenotype
Ve = variation due to environment
Vg = variation due to genetics

Heritability = Vg/Vp

Statistic package: SOLAR version 2.1.4
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Number of clinical malaria attacks

From 3,484 individuals, 
1,638 (47%) experienced at 
least 1 clinical attack

Average number of 
attacks per person was 1.24

The incident rate 
2.4 cases per 1000 person-
year in P.falciparum and 
1.1 cases per 1000 person-
year in P. vivax

Passive case detection (1998-2005)



Number of clinical malaria attack among age-groups
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Correlation between number of clinical attacks, P. falciparum and
P. vivax attacks between <10 and ≥10 age-groups

RESULTSRESULTS

The RR of no. of clinical attacks was 1.2 (95%CI 1.12, 1.28) and 

The RR of no. of P. vivax infections was 2.34 (95%CI 2.06, 2.66) in 

children <10 yrs old times greater than the age ≥10 yrs old. 

The RR of no. of P. falciparum infection (RR 0.94 95%CI 0.86, 1.03, NS). 
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•Covariates in each model are as follows. Number of clinical attack traits; 
•model 1: hamlet, age-group, year and sex; 
•model 2: hamlet, age-group and year; 
•model 3: no. of P. falciparum infection, hamlet, age-group, year and sex; 
•model 4: no. of P. falciparum infection, hamlet, age-group and year; 
•model 5: no. of P. vivax infection, hamlet, age-group, year and sex; 
•model 6: no. of P. vivax infection, hamlet, age-group and year. 

Estimation of heritability according to no. of clinical attacks, P.falciparum and P. vivax infections, 

after adjusted for confounding factors by using Negative binomial regression models
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Estimation of heritability according to mean and maximum trophozoite and gametocyte density of P. falciparum and 
P. vivax after adjusted for confounding factors by using Log(10) linear regression models

•Covariates in each model are as follows. Trophozoite and gametocyte density traits:

• model 1, hamlet, age-group, year and sex; model  2, hamlet, age-group and year
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LIMITATIONS

1. Because of our cohort study has been conducted during a long 
period, so we could not control all of the environmental factors
that were related to changes over time and we also could not 
adjust all of confounding factors from our phenotypes. 

2. The h2 to clinical malaria only estimated the genetic 
contributions that act additively but  some known resistance 
genes (Williams et al., 2005) and variability in parasite 
virulence genes interacts with host genetic polymorphisms 
(Kwiatkowski, 2005), will not contribute to the h2 estimation 
here. 
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Proportion of malaria cases by Plasmodium spp.

P. malariae 0.7%

P. ovalae 0.3%

Mixed 1%

P. falciparum 66%
P. vivax 32%



4811311388282543032104110109All
0005 (71.4)2   (28.6)7    (4.6)1511462005
116113 (31.0)243 (66.8)364 (15.0)242113702004
01494 (28.9)226 (69.5)325 (14.5)224613392003
002164 (32.8)334 (66.8)500 (17.1)291715382002
414255 (32.5)521 (66.4)785 (18.8)416719032001

2407298 (31.4)621 (65.4)950 (22.8)417017952000
1426319 (34.6)580 (63.0)921 (26.5)348212581999
562140 (31.0)298 (66.0)451 (30.3)14877601998

MixedhPogPmfPve(%)Pfd (%)Clinattackc (%)EpisodebPersonaYear

Number of clinical malaria episodes by years during 1998-2005

a Number of person, bmalaria episode, cclinical malaria attack, dP. falciparum, 
eP. vivax, fP. malariae, gP. ovalae and hmixed infection respectively.



48113113882825430321041All

616198467678 (21.2)31947 (G)

522184363556 (20.0)27826 (F)

922229438680 (25.3)26865 (E)

423115246370 (20.8)17804 (D)

726161431607 (22.1)27403 (C)

313108238353 (31.4)11232 (B)

14193936421059 (15.7)67361 (A)

MixedgPofPmePvdPfcClinattackb (%)EpisodeaHamlet

Number of clinical malaria episodes among 7 hamlets

a Number of malaria episode, bclinical malaria attack, cP. falciparum, dP. vivax, 
eP. malariae, fP. ovalae and gmixed infection respectively.



48113113882825430321041All

1127252509781 (18.1)42149 (unknown)

16364518651341 (31.2)74972 (Female)

2161868514512181 (50.7)93301 (Male)

MixedgPofPmePvdPfcClinattackb (%)EpisodeaSex

Number of clinical malaria attacks due to sex

a Number of malaria episode, bclinical malaria attack, cP. falciparum, dP. vivax,
eP. malariae, fP. ovalae and gmixed infection respectively.
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Number of clinical attack
6A5A4A3A2A1A

Model*

Percentage of Genetic h2 (SE)No. of 
recordsa

Trait

Estimation of the genetic contribution to the number of clinical malaria attacks and blood-stage 
parasite density among Karen in Ratchaburi, Thailand

a Number of records recruited from 2,027 individuals of total pedigrees 
* Covariates in each model are as follows. Number of clinical attack traits: model 1A, hamlet, age-group, 
year and sex; model 2A, hamlet, age-group, year; model 3A, number of P. falciparum infection, hamlet, 
age-group, year and sex; model 4A, number of P. falciparum infection, hamlet, age-group, year; model 5A, 
number of P. vivax infection, hamlet, age-group, year and sex; model 6A, number of P. vivax infection, 
hamlet, age-group, year. 



Estimation of the genetic contribution to the number of clinical malaria attacks and blood-stage 
parasite density among Karen in Ratchaburi, Thailand (cont.)

4B2B

NENENENE475P. vivax (90 days)

NENENENE475P. vivax

10(6)9(6)9(6)9(6)868P. falciparum

Negative results included

NENENENE206P. vivax (90 days)

NENENENE206P. vivax

60(36)60(36)NENE 92P. falciparum

Negative results excluded

Gametocyte density
50(14)48(14)50(14)48(14)475P. vivax (90 days)

53(14)48(14)52(14)46(14)475P. vivax

NENENENE868P. falciparum

Trophozoite density
3B1B

Model*

Percentage of Genetic h2 (SE)No. of 
recordsa

Trait

a  Number of records recruited from 2,027 individuals of total pedigrees 
* Covariates in each model are as follows. Trophozoite and gametocyte density traits: model 1B, maximum parasite density by hamlet, age-group, 
year and sex; model 2B, maximum parasite density by hamlet, age-group and year; model 3B, mean parasite density by hamlet, age-group, year 
and sex; model 4B, mean parasite density by hamlet, age-group and year. 


