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Abstract ABO blood groups have been proposed to

influence malaria parasite infection and disease severity in

individuals residing in different geographical areas. In

Thailand, genetic polymorphisms of blood groups and

susceptibility to malaria infection have rarely been inves-

tigated. The aim of this study was to assess the genotype

frequencies of ABO and Duffy blood groups and suscep-

tibility to malaria infection in two populations residing in

malaria-endemic areas of Thailand. 1100 malaria samples

and an identical number of samples from healthy subjects

were collected from Thai-Malaysian and Thai-Myanmar

areas. Genotyping of ABO and Duffy blood groups was

performed by sequence specific primer-polymerase chain

reaction. The distribution of ABO and Duffy blood groups

was similar in malaria-positive and negative subjects.

Blood group O was prevalent in both populations followed

by blood group B (BO genotype) and A (AO genotype),

respectively. In Plasmodium falciparum infections, blood

group A frequency was significantly higher in Thai-

Malaysian samples (P = 0.042) whereas blood group B

frequency was significantly higher in Thai-Myanmar

samples (P = 0.022). FY*A/*A frequency was significantly

higher in Plasmodium vivax infection (P = 0.036) while

FY*A/*B frequency was significantly higher in healthy

subjects (P = 0.005). The different ABO blood group fre-

quencies in the two populations may contribute to sus-

ceptibility to P. falciparum infection and the high

prevalence of FY*A/*A can confer a risk of P. vivax

infection. Further research in various ethnic groups is

needed to clarify the association between blood groups and

pathogenesis of malaria.
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Introduction

Malaria is an infectious disease which caused around

409,000 deaths in 2019 (WHO 2020). In Thailand, Plas-

modium vivax and P. falciparum are the main causes of

malaria infections (Ministry of Public Health 2020; Baum

et al. 2015). Most of the malaria cases occur in rural areas

or near forest covered regions along international borders

such as Thai-Myanmar, Thai-Cambodian and Thai

Malaysian (Rungsihirunrat et al. 2008; Thway et al. 2018).

Although malaria can be completely cured, some patients

develop severe symptoms which depend on several factors

(Andrade and Barral-Netto 2011). Susceptibility to Plas-

modium infection and pathogenesis of malaria result from a

combination of parasite, mosquito carrier, environment and

host factors such as blood groups (Andrade and Barral-

Netto 2011; Laishram et al. 2012). A blood group is

defined by a red blood cell antigen with different charac-

teristics controlled by a series of genes (Mitra et al. 2014).

The ABO and Duffy blood groups are important in many

biomedical fields including malariology (Mattos and

Moreira 2004; Martins et al. 2017).

Several studies from different geographical areas

reported associations between the ABO blood group and

malaria but with contradicting results (Gupta and Chowd-

huri 1980; Panda et al. 2011; Kuesap and Na-Bangchang

2018; Tekeste and Petros 2010; Pathirana et al. 2005;
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Zhang et al. 2017; Bayoumi et al. 1986). The ABO blood

group is associated with malaria severity with the O blood

group protective against severe malaria since it lacks the

receptors for the parasite rosetting ligands and the A and B

blood groups susceptible to malaria infection (Gupta and

Chowdhuri 1980; Panda et al. 2011; Kuesap and Na-

Bangchang 2018; Tekeste and Petros 2010; Pathirana et al.

2005). Nevertheless, some studies reported no significant

relationship between the ABO blood groups and malaria

(Zhang et al. 2017; Bayoumi et al. 1986; Degarege et al.

2019). While an association of the ABO blood group in

infection with P. falciparum has been reported such data is

limited for infection with P. vivax (Resende et al. 2017;

Gayathri et al. 2013).

Duffy blood group and susceptibility to P. vivax infec-

tion has been well-documented. The antigen of this blood

group, Duffy antigen receptor for chemokines (DARC),

serves as a receptor for P. vivax parasites. Homozygous

Duffy-negative individuals are naturally resistant to P.

vivax invasion while heterozygous Duffy-negative indi-

viduals are susceptible to P. vivax infections (Miller et al.

1976, 1977). There is only limited data concerning the

association between Duffy blood group and P. vivax

infection in Thailand (Pimpat et al. 2016).

The aim of this study was to investigate the phenotype

and genotype frequencies of ABO and Duffy blood groups

in malaria patients residing in endemic areas of Thailand.

The obtained results will assist in personal risk protection

and rational design of antimalarial drugs to overcome the

problems relating to treatment and control of malaria.

Materials and methods

Ethical consideration

Ethical approval for the study was obtained from the Ethics

Committee of Thammasat University (COA No.090/2561)

and National Blood Centre, Thai Red Cross Society (COA

No. NBC 4/2019).

Study population and sample collection

Study sites were malaria clinics or hospitals in malaria-

endemic areas from the Thai-Myanmar (Tak and Kan-

chanaburi provinces; western area) and Thai-Malaysian

(Yala provinces; southern area) borders. Male and female

participants were 18–60 years old and lived in the inves-

tigated endemic areas. In total, 2200 samples were included

in this study. 1100 positive malarial samples consisting of

genomic DNA (gDNA) of confirmed malaria from a pre-

vious collection (2012–2017) and EDTA blood samples or

finger prick dried blood spots (2018–2019) were collected

from malaria patients at the study sites. Detection of

malaria infection was initially by Giemsa-stained thick and

thin blood films (Tangpukdee et al. 2009) and confirmed by

nested polymerase chain reaction (nested PCR) that used

Plasmodium genus-specific primers for the initial PCR

(round 1) amplifications and species-specific primers for

the second (round 2) amplifications (Singh et al. 1999).

1100 healthy subject samples or prevalent data, non-

malaria subjects, were obtained from uninfected people

who lived in the same area close to the study sites or from

the Regional Blood Centre, Thai Red Cross Society. Non-

malaria subjects were screened from donors who had no

history of malaria infection by face-to-face interviews. All

samples were included in ABO blood group determination.

Two hundred samples from P. vivax infected patients and

an identical number of healthy subject samples from

western (Tak province) and southern (Yala province) areas

were included in Duffy blood group genotyping.

Blood group determination

Standard agglutination method (serological method) was

used to determine the phenotypes of positive controls for

ABO and Duffy blood groups by using commercial antisera

(National Blood Centre, Bangkok, Thailand). DNA sam-

ples with known phenotypes and genotypes were included

as controls, i.e., A, B, O, and AB for ABO genotyping and

Fy(a ? b -), Fy(a ? b ?), Fy(a - b ?), and Fy(a -

b -) for Duffy genotyping.

DNA extraction

Genomic DNA was extracted from blood samples using a

QIAamp DNA mini kit (Qiagen, California, USA)

according to the manufacturer’s instruction (QIAGEN

Supplementary Protocol) and stored at - 20 �C until used.

DNA amplifications

ABO blood group genotyping

ABO blood group was determined by sequence specific

primer-polymerase chain reaction (PCR-SSP). Four reac-

tion systems were used to identify A, B, and O blood

groups based on three different single nucleotide poly-

morphisms (SNPs) at position 261, 796, and 803, respec-

tively (Muro et al. 2012). Individual ABO blood group

genotyping included four PCR reaction systems. Reaction

system 1 detected the A and B alleles which have G at

position 261. Reaction system 2 detected the O allele that

has a deletion at position 261. Reaction system 3 detected

the B allele which has A at position 796 and reaction

system 4 detected the A and O alleles which have G at
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position 803 (Muro et al. 2012). The primers and reaction

conditions used for amplification of the four reaction sys-

tems were according to the previously described method

with some modifications (Muro et al. 2012). Each reaction

sample had a volume of 10 ll and contained, 1X Taq

buffer with KCl (Thermo Scientific, Massachusetts, USA),

3 mM MgCl2 (Thermo Scientific), 0.4 mM dNTPs (Bio-

line, London, United Kingdom), 0.3 lM reaction system 2

primers and 0.2 lM reaction systems 1, 3 and 4 primers

(Sigma, Lowa, USA), and 0.05 U Taq polymerase (Thermo

Scientific). The PCR conditions for amplification were as

follows: initial denaturation at 95 �C for 5 min, followed

by 35 cycles of 95 �C for 30 s, annealing at 67 �C (reaction

systems 1 and 3), 53 �C (reaction system 2), 55 �C (reac-

tion system 4) for 30 s and extension at 72 �C for 30 s, and

then final extension at 72 �C for 5 min. The amplified PCR

products were stained with Ultra PowerTM DNA safe dye

(Gellex International Co., Ltd., Machida, Tokyo, Japan),

separated by 2% agarose gel electrophoresis at 100 V for

40 min and visualized under UV illumination.

Duffy blood group genotyping

Duffy blood group was determined by PCR-SSP. Two

reaction systems were used to identify FY*A and FY*B

alleles based on SNPs in exon 2 from G to A at position

125 (Olsson et al. 1998). The primers and reaction condi-

tions used for amplification of FY*A and FY*B alleles were

according to the previously described method with some

modifications (Olsson et al. 1998). Co-amplification of the

human growth hormone (HGH) gene as internal control

was performed as previously described (Olsson et al. 1998;

Chen and Flegel 2005). Briefly, the 10 ll PCR reaction

mixture comprised 1X Taq buffer with KCl (Thermo Sci-

entific), 2 mM MgCl2 (Thermo Scientific), 0.4 mM dNTPs

(Bioline), 0.3 lM primers (Sigma), and 0.05 U Taq poly-

merase (Thermo Scientific). The PCR conditions were as

follows: initial denaturation at 96 �C for 5 min, followed

by 10 cycles of 94 �C for 20 s, annealing at 69 �C for

1 min, 20 cycles of 94 �C for 30 s, 64 �C for 1 min, 72 �C
for 1 min then final extension at 72 �C for 5 min. The

amplified PCR product was stained with Ultra PowerTM

DNA safe dye (Gellex International Co., Ltd.), separated

by 1.5% agarose gel electrophoresis at 100 V for 40 min

and visualized under UV illumination.

The FY*X allele was identified by PCR-SSP. PCR was

performed for samples which had negative results for the

FY*B allele. The reaction systems were based on SNPs in

exon 2 from C to T at position 265 (Palacajornsuk et al

2015). The primers and reaction conditions used for

amplification of FY*X allele were according to the previ-

ously described method with some modifications (Palaca-

jornsuk et al. 2015). HGH gene was used as an internal

control by co-amplification with FY*X allele (Nathalang

et al. 2015). Briefly, the 10 ll PCR reaction mixture

comprised 1X Taq buffer with KCl (Thermo Scientific),

1.5 mM MgCl2 (Thermo Scientific), 0.2 mM dNTPs (Bi-

oline), 0.4 lM FYB-FW and FYX-RV primers (Sigma),

0.2 lM HGH-F and HGH-R primers (Sigma), and 0.1 U

Taq polymerase (Thermo Scientific). The PCR conditions

were as follows: denaturation at 95 �C for 1 min followed

by 30 cycles of 95 �C for 30 s, 67 �C for 30 s, extension at

728C for 45 s, and final extension at 728C for 5 min. The

PCR product was stained with Ultra PowerTM DNA safe

dye (Gellex International Co., Ltd.), separated by 1.2%

agarose gel electrophoresis at 100 V for 40 min and visu-

alized under UV illumination.

Data analysis

Statistical analysis was performed using the SPSS statisti-

cal package (version 15.0 SPSS Inc., Chicago, Illinois,

USA). The frequencies of malaria species, ABO blood

group and Duffy blood group were summarized as per-

centages (%). Differences between groups were analysed

using the Chi-square test (v2). Statistical significance level
was set at a = 0.05.

Results

The 1100 positive malaria samples analysed in this study

consisted of 200 samples from P. falciparum patients and

900 samples from P. vivax patients. In terms of site, 260

samples were from the western areas (Tak 171 and Kan-

chanaburi 89 samples) and 840 samples from the southern

area. The 1100 samples from healthy, non-malaria subjects

consisted of 200 samples from the western areas and 900

samples from the southern area.

ABO blood group

ABO blood group in malaria patients and healthy subjects

The phenotypic frequencies of ABO blood groups in

malaria infected samples and healthy subjects are presented

in Table 1. The most prevalent ABO blood group in

malaria patients was O (37.1%) and the least was AB

(7.6%). A similar trend was found in healthy subjects. The

O blood group was also most prevalent in P. falciparum

(32.0%) and P. vivax (38.2%) patients. The frequency of

blood group A was significantly higher in P. falciparum

patients (P = 0.044), while no significant difference was

found for all blood groups in P. vivax infection.
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The genotype of ABO blood group in malaria patients

A representative agarose gel showing analysis of the ABO

genotypes after PCR-SSP is shown in Fig. 1. The genotype

frequencies of ABO blood groups in malaria infected

samples are shown in Table 2. Six ABO genotypes (AA,

AO, BB, BO, OO, and AB) were observed. Of these, OO

(32%) had the highest frequency in P. falciparum infec-

tions, followed by BO (23.0%), AO (22.5%), AB (8.5%),

BB (7.5%), and AA (6.5%) genotypes. The same pattern

was found in P. vivax infections. The OO genotype was the

predominant ABO blood group in patients infected with P.

falciparum (32.0%) and P. vivax (38.2%). This finding was

eventually correlated to the higher frequencies of AO and

BO genotypes compared to the homozygous AA and BB

genotypes. Although, the genotype pattern was not indicate

significant p value difference between the two species of

infection, AA and BB genotype frequencies in P. falci-

parum infection were almost 1.6 and 1.8 times higher than

in P. vivax infection.

The association of ABO blood groups and malaria

infection in different endemic areas

Table 3 shows the comparison between ABO blood group

and malaria infection in the two endemic areas. The A

(38.7%) and B (35.5%) blood groups showed the highest

frequencies in P. falciparum infected patients from Thai-

Malaysian and Thai-Myanmar areas, respectively. Their

frequencies were statistically significantly different in these

areas with P = 0.042 and P = 0.022, respectively

(Table 3). The O blood group was dominant in P. vivax

infected patients from Thai-Malaysian (37.2%) and Thai-

Myanmar areas (45.1%).

Duffy blood group

A representative agarose gel showing analysis of the Duffy

genotypes after PCR-SSP is shown in Fig. 2. FY*A/*A

(83.5%, 75.0%) was the predominant Duffy blood group

followed by FY*A/*B (13.0%, 24.0%), and FY*B/*B

(3.5%, 1.0%) in both P. vivax infected patients and healthy

subjects (Table 4). The FY*Null/*Null blood group, Fy(a–

Table 1 Prevalence of ABO blood groups in malaria cases (P. falciparum and P. vivax) and healthy subjects

Subjects ABO blood groups Total

A

n (%)

B

n (%)

O

n (%)

AB

n (%)

Malaria patients 281 (25.6) 327 (29.7) 408 (37.1) 84 (7.6) 1100 (100.0)

P. falciparum 58 (29.0)* 61 (30.5) 64 (32.0) 17 (8.5) 200 (18.2)

P. vivax 223 (24.8) 266 (29.6) 344 (38.2) 67 (7.4) 900 (81.8)

Healthy subjects 247 (22.4) 344 (31.3) 429 (39.0) 80 (7.3) 1100 (100.0)

Significant differences indicate in bold font

Data are presented as number (%)
*Significantly higher than in healthy subjects (P = 0.044)

Fig. 1 Example of an Ultra PowerTM DNA safe dye stained 2.0%

agarose gel electrophoresis of PCR-SSP products for ABO genotyp-

ing. Lanes 1–4 = A (AO), lanes 5–8 = B (BO), lanes 9–12 = B (BB),

lanes 13–16 = O (OO). Reaction system 1 (lanes 1, 5, 9) resulted in a

79 bp product for A and B alleles detection, reaction system 2 (lanes

2, 6, 14) in a 74 bp product for O allele detection, reaction system 3

(lanes 7, 11) in a 109 bp product for B allele detection and reaction

system 4 (lanes 4, 8, 16) in a 104 bp product for A and O alleles

detection. M = 25 bp ladder marker (Bioline, London, United

Kingdom)

123

J Parasit Dis (Jan-Mar 2022) 46(1):178–185 181



b–) phenotype, was not found in any study participant. The

frequency of FY*A/*A was significantly higher in P. vivax

infected patients than in healthy subjects (P = 0.036)

whereas frequency of FY*A/*B was significantly higher in

healthy subjects than in P. vivax infection (P = 0.005).

Frequency of FY*B/*B was higher in P. vivax infected

patients than in healthy subjects but not significantly dif-

ferent. The mutation of the FY*X gene at nucleotide

position 265 was not found in 167 FY*B negative samples.

Discussions

This study revealed a high prevalence of the O blood group

in healthy individuals and in malaria patients in the studied

Thai population. These results were similar to a study in

East China in which the O blood group was the most

common blood group among malaria cases (Zhang et al.

2017), severe and non-severe falciparum malaria anemia

children in Kenya (Ahmed et al. 2020), and that of

uncomplicated falciparum cases in Odisha, India (Panda

et al. 2011). Furthermore, the results also agreed with a P.

vivax study in South India (Gayathri et al. 2013).

Table 2 ABO blood group genotypes in malaria infected blood samples

ABO blood groups Malaria infection P value

Phenotype Genotype P. falciparum
n (%)

P. vivax
n (%)

A AA 13 (6.5) 38 (4.2) 0.198

AO 45 (22.5) 185 (20.6) 0.500

B BB 15 (7.5) 38 (4.2) 0.066

BO 46 (23.0) 228 (25.4) 0.587

O OO 64 (32.0) 344 (38.2) 0.106

AB AB 17 (8.5) 67 (7.4) 0.661

Total 200 (100) 900 (100) 0.160

Data are presented as number (%)

Table 3 Comparison of the prevalence of ABO blood groups in malaria samples from two malaria endemic areas of Thailand

Malaria infection Areas ABO blood group

n (%)

Total

n (%)

A B O AB

P. falciparum infection Thai-Malaysian border 24 (38.7)* 12 (19.3) 20 (32.3) 6 (9.7) 62 (100.0)

Thai-Myanmar border 34 (24.6) 49 (35.5)** 44 (31.9) 11 (8.0) 138 (100.0)

P. vivax infection Thai-Malaysian border 199 (25.6) 229 (29.4) 289 (37.2) 61 (7.8) 778 (100.0)

Thai-Myanmar border 24 (19.7) 37 (30.3) 55 (45.1) 6 (4.9) 122 (100.0)

Significant differences indicate in bold font

Data are presented as number (%)

*Statistically significant difference from P. falciparum infection in Thai- Myanmar border (P = 0.042)

**Statistically significant difference from P. falciparum infection in Thai- Malaysian border (P = 0.022)

Fig. 2 Example of an Ultra PowerTM DNA safe dye stained 1.5%

agarose gel electrophoresis of PCR-SSP products for Duffy genotyp-

ing. Lanes 1, 2, 9–10 = FY*A/*B, lanes 3, 4, 7–8 = FY*A/*A, lanes 5,
6 = FY*B/*B. Reaction system 1: lanes 1, 3, 7, 9 show a 711 bp

product for FY*A alleles detection whereas lane 5 is negative for

FY*A alleles detection. Reaction system 2: lanes 2, 6, 10 show a

711 bp product for FY*B alleles detection whereas lanes 4, 8 are

negative for FY*B alleles detection. M = 100 bp ladder marker

(Thermo Scientific, Massachusetts, USA). Internal control: 434 bp

PCR product of Human Growth Hormone gene
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Significant differences in the genotype frequencies of

the ABO blood group were not observed between P. fal-

ciparum and P. vivax infections but the percentage of

patients homozygous for AA and BB in P. falciparum

infection was higher than in P. vivax infection. This may

suggest an association of A and B antigen dosage with P.

falciparum infection. A previous study reported that the O

blood group could protect against higher parasitemia in P.

falciparum infection (Migot-Nabias et al. 2000). Further-

more, different ethnic populations in different areas were

also an important factor associated with P. falciparum

infection (Migot-Nabias et al. 2000).

It has been proposed that ethnic differences contribute to

variation and severity of diseases (Tekeste and Petros

2010; Rowe et al. 2007). In this study, the association of

ABO blood group and malaria infection in different

endemic areas of Thailand was investigated. Along the

Thailand and Myanmar border (western area) is an ethnic

diverse area with a population composed of many ethnic

groups such as Thai-Karen and Thai-Myanmar while along

the border with Malaysia (southern area) the population are

Thai-Malays. In P. falciparum infection, the prevalence of

the A blood group was significantly higher in samples from

the southern area (38.7%, n = 24) than the western area

(24.6%, n = 34) of Thailand (P = 0.042), whereas, the

prevalence of the B blood group was significantly higher in

the western area (35.5%, n = 49) than the southern area

(19.3%, n = 12) (P = 0.022). Contradictory results were

observed in a study in Ethiopia that found common O

blood groups in different minor ethnic groups (Tekeste and

Petros 2010; Zerihun et al. 2011). However, a study in

Awash, Metehara and Ziway areas in Ethiopia found high

prevalence of A blood group in severe malaria cases

whereas high prevalence of the O blood group was found in

uncomplicated P. falciparum infection and healthy controls

(Tekeste and Petros 2010).

Although the prevalence of the Duffy blood group

among P. vivax infected patients in Thailand has been

previously studied (Pimpat et al. 2016), the sample size

was limited to a small cohort study with 40 samples. In this

study, when compared 200 P. vivax infections and 200

healthy subjects, FY*A/*A frequency was significantly

increased in P. vivax infections (p = 0.036) but FY*A/*B

was significantly increased in healthy subjects (p = 0.005).

These data may suggest that FY*A/*A was susceptible to P.

vivax infection while FY*A/*B was protective to P. vivax

infection in the study population. The predominant FY*A/

*A antigen could be preferred as receptor for attachment of

P. vivax to reticulocytes which accounts for its higher

prevalence in the study sites consistent with the previous

study in Thailand (Pimpat et al. 2016). In contrast, this

result was different from a study in Brazil which stated that

the susceptibility to P. vivax infection and disease severity

depended on the Fyb antigen (King et al. 2011). This could

be due to the ethnic variations of the study populations.

Conclusions

The study indicated that A and B blood groups are more

susceptible to P. falciparum infection while O blood group

are most prevalent in study population. FY*A/*A are more

susceptible to P. vivax infection as compared with healthy

subjects. Therefore, it is suggested to further study the

association of blood group and malaria infection to clarify

correlations and mechanisms of infection.
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