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Abstract 

Malarial infection is a common problem in tropical and subtropical countries. In current scenario P. falciparum malaria is a tough 

challenge to reduce infection in world wide. CD35 protein density on RBCs determines susceptibility to P. falciparum infection. 

An adhesion protein PfEMP-1 on surface of P. falciparum is responsible for adhering to CD35 a surface protein of RBCs. In our 

population, complement receptor Type-1 (CD35) gene polymorphism determine the density of CD35 protein on RBCs. As we 

know, CD35 protein is an adhesion protein for P. falciparum and high density confer chances to infection. 

For this study, we collected 270 blood sample (130, P. falciparum infected patient and 140, control) and estimate TNF-α level in 

both case and control population. Furthermore, we extracted genomic DNA and amplify the CR1 (CD35) gene of 1800 bp product, 

using thermal cycler. The PCR product was treated at SNP Intron 27 (T520C) with HindIII RFLP which generates 1300 bp and 

500 bp. 

Polymorphism of CR1 (CD35) gene, SNP Intron 27 (T520C) in our population reveals three genotypes HH, HL and LL. Genotype 

HL (P=0.0365*) frequent distributed in population and showing association between case and control. H- Allele for High density 

and L-Allele for Low density. The frequency of H allele (in case=66.92%, control=33.07%) is high in compare to L alleles (in case 

= 58.74%, control = 41.25%). Frequency of H and L allele (P= 0.0484*) is also significantly associated with case and control 

population whereas, carriage rate were not associated (P=0.2287). Elevated TNF-α level in blood serum reveals quantity of 

infection level and its showing strong association (P<0.0001 ***) with P. falciparum malarial infection. 
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Introduction 

The malaria is still very dangerous in the world. The World 

Health Organization (WHO) gave report in 2015, indicated 

that approximately 3.2 billion people nearly half of the 

world's population were at risk of malaria. Most malaria 

cases and deaths occur in sub-Saharan Africa. However, 

Asia, Latin America, and, to a lesser extent, the Middle 

East, are also at risk. In 2015, 97 countries and territories 

had ongoing malaria transmission. Between 2000 and 2015, 

malaria incidence among populations at risk (the rate of new 

cases) fell by 37% globally. In that same period, malaria 

death rates among populations at risk fell by 60% globally 

among all age groups, and by 65% among children under 5 

year [1]. 

The World Health Organization (WHO) estimated 225 

million malaria cases worldwide with 781,000 deaths due to 

Plasmodium infection per year. Four types of Plasmodium 

species (P. falciparum, P. vivax, P. malariae, and P. ovale) 

are responsible for almost all human infections. Plasmodium 

falciparum malaria is responsible for more than one million 

deaths that occur each year from malaria infection in Africa. 

Most of these deaths occur as a result of complications such 

as severe malaria associated anaemia (SMA) and cerebral 

malaria (CM) or coma [2].  

Compliment Receptor 1 (CR1), a protein on RBC cells that 

having role in immune complex clearance. It’s also known 

as C3b/C4b receptor or CD35. In humans this protein is 

encoded by CR1 gene is located at on the long arm of 

chromosome 1 at band 32 (1q32) and lies within a complex 

of immunoregulatory genes. The Compliment Receptor 1 

(CR1) gene polymorphism conform density of CD35 on RBC 

cells. The human CR1 binds to a major malarial adhesin, the P. 

falciparum erythrocyte membrane protein-one (PfEMP-1). 

High density of CR1 on erythrocyte indicates high risk of 

falciperum [3-6]. 

CR1 is an immune-regulatory protein found on the surface of 

erythrocytes and most leukocytes, and its functions include key 

complement regulation of complement activation and clearance 

of immune complexes. Furthermore, increasing evidences from 

several studies suggest that CR1 plays a critical role in the 

pathogenesis of Plasmodium falciparum (P. falciparum) 

malaria [7-8]. 

The human complement receptor 1 (CR1, C3b ⁄ C4b receptor, 

CD35) on erythrocytes is a membrane protein which plays an 

important role in immune clearance by transporting immune 

complexes (ICs) from peripheral blood to macrophages in liver 

and spleen. The rate of clearance of immune complexes from 

the circulation is directly related to the number of CR1 

molecules expressed on erythrocytes (CR1 ⁄ E ratio). 

Erythrocytes from different healthy individuals may show up to 

10-fold variation in the number of CR1 molecules per cell 

which may vary in range of 50–1,200 molecules per cell. CR1 

levels have been suggested to be genetically determined, by an 

autosomal codominant biallelic system. Several single 

nucleotide polymorphisms have been found in the CR1 gene, 

and at least three polymorphisms of CR1 gene are related to 

erythrocyte surface density of CR1 molecules, which in turn 

are related to the rate of immune complex clearance from the 
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circulation. The most widely studied three single nucleotide 

polymorphisms of CR1 gene are: A3650G (His1208Arg), 

intron 27 HindIII (T520C), and Pro1827Arg. Moreover, 

these three polymorphisms have been reported to be in 

strong linkage disequilibrium [5]. In many reports, CR1 

Intron 27 HindIII polymorphism has been suggested to 

result in high (H) and low (L) CR1 expression in the 

presence of T and C allele respectively [9-10]. 

 

Materials and Methods 

Study Population 

The study population consisted of 270 unrelated subjects 

comprising of 130 plasmodium falciperum infected patients 

and 140 ethnically matched controls of central Indian 

population were included in this study. Cases included 

consecutive patients who attended the Department of 

Medicine, Shyam Shah Medical College and Sanjay Gandhi 

Memorial Hospital, Rewa, Ayurveda Medical College, 

Rewa, Ranbaxy pathology Regional collection centre Rewa, 

District hospital Satna, Shahdol, Sidhi. P. falciperum 

malaria was diagnosed in accordance with World Health 

Organization (WHO Expert committee 2003) criteria.  

 

Anthropometric and Biochemical Measurements 

Anthropometry measurements 

Height and Weight were measured in light clothes and 

without shoes in standing position as per standard 

guidelines. Body Mass Index (BMI) was calculated as 

weight in kilograms divided by height in meters squared. 

Waist circumference was measured in standing position 

midway between iliac crest and lower costal margin and hip 

circumference was measured at its maximum waist to hip 

ratio (WHR) was calculated using waist and hip 

circumferences. Systolic and diastolic blood pressures were 

measured twice in the right arm in sitting position after 

resting for at least 5 minute using a standard 

sphygmomanometer and the average of the two reading was 

used. 

 

Blood Collection and Plasma/Serum Separation 

Venous blood samples were obtained from the subjects after 

12 hours of overnight fasting in vacutainers with and 

without appropriate anti-coagulants. Immediately, plasma 

and serum from the respective vacutainers were separated 

by centrifuging the tubes at 1000 rpm for 10 min. at 4˚C. 

 

Biochemical Analysis 

Biochemical parameters related to P. falciparum infection is 

elevated level of TNF-α cytokine in blood serum. The 

detection of serum level through human TNF-α ELISA kit 

(Diaclone, cat.no. 950090096). 

 

Slide Preparation and Confirmatory Test for P. 

Falciperum Malaria 

Confirmatory test for P. falciperum Malaria by using 

Malaria Ag P.f/P.v kit (Bio Standard Diagnostic Pvt. Lmt.) 

then prepare slide to identify roset formation and 

distinguishing the healthy and infected RBCs. 

 

DNA Isolation and Quantification 

Genomic DNA was extracted from whole blood by the 

modification of salting out procedure described by Miller 

and coworkers [11]. The isolated genomic DNAs were then 

tested for purity by measuring their absorbance values at 230 

nm, 260 nm, 280 nm and 300 nm using nanodrop (Systronic, 

India). A DNA preparation was considered to be good if it had 

A 260 nm / A 280 nm ratio as approximately 1.8 and A 300 nm 

was 0.1 or lesser. Gel electrophoresis of the genomic DNAs 

was carried out for qualitative estimation of samples prepared. 

A good DNA preparation appears as single band. A horizontal 

agarose slab gel electrophoresis apparatus (Bangalore Genei, 

Bangaore, India) was used. 

 

Detection of Intron-27 (T520C); Single Nucleotide 

Polymorphism via PCR-RFLP 

The 520C genetic variant of CR1 is associated with the reduced 

expression of CR1 on erythrocytes through an unknown 

mechanism [13, 14] and is therefore described as the L allele, 

whereas the wild-type variant, 520T, is described as the H 

allele. The homozygous 520T/520T genotype (H/H) is 

associated with high-level CR1 expression. The homozygous 

520C/520C genotype (L/L) is associated with low-level CR1 

expression, and the heterozygous 520T/520C genotype (H/L) is 

associated with moderate-level expression due to the 

codominant H and L alleles. 

 

Primer Sequences 

The oligonucleotides sequences (primers) were designed for 

SNP Intron 27 (T520C), rs no. rs11118133 [6, 12]. 

Intron-27 (T520C); forward primer - 5’-

CAGCAGAGCCAACTTCTGACCC-3’ 

Intron-27 (T520C); reverse primer - 5’-

CCCTTGTAAGGCAAGTCTGG-3’ 

 

Pcr Mix 

For each DNA sample 25 μl of PCR reaction mixture was 

prepared containing 5 μl template DNA (final concentration 

100-200 ng/ μl), 2.5 μl of 10X Taq polymerase buffer (10 mM 

Tris HCl pH 8.8, 50 mM KCl, 1.5 mM MgCl2, 0.01% gelatin, 

0.005% Tween-20, 0.005% NP-40; final concentration 1X; 

(Merck), 1 μl of 10 mM dNTPs (Banglore Genei, Bangalore, 

India), 1 μl of 25 pmol/μl of forward and reverse primers, 0.2 

μl of 5U/ μl of Taq DNA polymerase (final concentration 1U; 

Genetix Biotech Asia Pvt. Ltd.,India) and sterile water to set up 

the volume of reaction mixture to 25 μl. 

 

Thermal Profile 

Thermal profile used for the amplification of desired segment 

of gene was as follows: Initial denaturation at 95˚C for 2 min 

and 35 cycles of denaturation at 95˚C for 1 min, annealing at 

54˚C for 1 min and extension at 74˚C for 1 min, followed by 

final extension at 74˚C for 10 min [6]. PCR products were 

separated on 2% agarose gel (2% w/v, Sigma) using a 100 bp 

molecular weight (MW) marker to confirm the PCR product 

size of 304 bp. 

 

Restriction Digestion by Hind III RFLP 

The T to C transition in Intron 27 CR1 gene when amplified by 

PCR was than incubated with HindIII restriction enzyme (New 

England Biolabs,USA). Digestion of the amplified 1800bp 

PCR product gave two fragments in PAGE of 1300bp and 500 

bp respectively if the product was excisable by HindIII. 

Depending on digestion pattern, individuals were scored as 

genotype LL when homozygous for presence of HindII site, 



 
International Journal of Biology Research 

95 
 

genotype HH when homozygous for absence of HindII site 

and genotype HL in case of heterozygosity (Figure 2). 

 

Result 

Our study based on slide preparation, confirmatory test for 

P. falciperum Malaria, ELISA for TNF-α level and 

polymorphic screening of CR1 (CD35) gene at SNP Intron 

27 (T520C) rs11118133. 

Slide Preparation and Confirmatory for P. Falciperum 

Malaria 

After confirmation of P. falciperum Malaria using clinical kit, 

we prepared slide and stained by violet then observed in 

compound microscope (Magnus 2.2). Fig.1, is showing Healthy 

RBCs in 100x magnification whereas Fig.2 is showing 

Plasmodium Infected RBCs (100x magnification).  

 

 
 

Fig 1: (a) 100x Healthy RBCs.  Fig 1: (b) 100x Plasmodium Infected RBCs. 
 

Anthropometric and Biochemical Measurements 

We studied on case (110) and control (130) in the respect of 

plasmodium infection according to antropometric 

measurements like BMI (Body Mass Index), WHR (Waist 

Hip Ratio), some sedative habits like smoking, drinking, and 

TNF-α level in serum. During plasmodium infection, weight 

loss is common problem due to breakdown of RBCs thus body 

weight and BMI is associated with plasmodium infection 

whereas TNF-α level in serum reveals strong association with 

plasmodium infection. Rest of these parameters listed in table 

no. 1, are non-significant.  

 

Table 1: Comparison of anthropometric parameters of Malaria patients and controls 
 

Characteristics Cases(130) Controls(140) P-value 

n(Men/Women) 130(75/55) 140(86/54)  

Age(years) 50.6±10.5 52.3±12.2 0.2224, ns 

Height(cm) 159.50±13.40 160.20±12.00 0.6511, ns 

Weight (Kg)    

Women 60.5 ±6.70 62.4 ± 5.50 0.0112* 

Men 62±6.60 64.0±6.1 0.0102* 

BMI (kg/m2)    

Women 24.3±6.2 26.4 ± 8.2 0.0190* 

Men 26.2±2.5 27.4± 5.3 0.0195* 

Waist circumference (cm)    

Women 88.60±7.2 87.45±6.5 0.1690, ns 

Men 90.0±6.0 89.0±8.0 0.2491, ns 

Hip (cm)    

Women 96.0±6.0 96.5±5.0 0.4564, ns 

Men 92.0±4.0 91.5±5.5 0.3968, ns 

WHR    

Women 0.96±0.05 0.95±0.08 0.2232, ns 

Men 0.98±0.08 0.99±0.01 0.1436, ns 

Cigarette smoking 

(Smoking/ Non-Smoking) 

 

56/74 58/82 
X2=0.07508, 

(P=0.7841),ns 

Alcohol consumption 

(Drinking/ Non- Drinkig) 
58/72 62/78 

X2 =0.002967, 

(P=0.9566), ns 

TNF-α Cytokine Level in serum (pg/mL) 24.7 ± 9.52 10.2 ± 6.41 (P<0.0001) *** 

*denotes level of significant change between case and control 
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Detection of genetic polymorphism in CR1 (CD35) gene: 

PCR amplification with specific primers gave 1904-bp 

product which was digested with HindIII enzyme (New 

England Biolabs, Boverly, MA) for 16 h at 37˚C. The wild-

type genotype (HH) was digested, whereas the mutated 

homozygous genotype (LL) was cut as a doublet of 1300 and 

500 bp. The heterozygous genotype (KQ) was represented as 3 

fragments of 1800, 1300, and 500 bp as depicted in figure-2. 

 

 
 

Fig 2: Restriction digestion with HindIII enzyme. 

 

Chi Square Test 

Table No.2, containing Genotype, Allele frequency and 

carriage rate of CR1 (CD35) gene. Case –Control study in 

respect of Chi Square Test reveals that two type allele 

present in three genotype HH, HL, LL. For this statistical  

 

analysis, we used Graph Pad Prism software. In table No. 2 

Allele frequency and carriage rate are showing significantly 

associated whereas genotypic frequency showing slightly 

association.  
 

Table 2: Frequency distribution and association of Genotype, allele frequency and carriage rate of CR1 (CD35) polymorphism in population of 

Vindhyan region using Chi Square Test 
 

CR1(CD35) Gene Case N= 130 N% Control N=140 N% Chi Square Value Χ2 (P Value) 

Genotype HH 57 43.84 52 37.14 
6.623, (0.0365*) 

Df=2 
HL 60 46.15 58 41.42 

LL 13 10.00 30 21.42 

Allele H 174 66.92 168 58.74 3.896, (0.0484*) 

Df=1 L 86 33.07 118 41.25 

Carriage 

Rate 

H 117 61.57 110 55.55 1.449, (0.2287) 

Df=1 L 73 38.42 88 44.44 

N – Number of individuals in study group 

%- Genotype allele frequency and carriage rate expressed in percentage. 

(* denotes the level of significant association between case and control) 

 

Fisher Exact Test 

Fisher  Exact  test  between  case  and  control  for Genotype 

frequency, allele frequency and carriage rate is showing P-

value and Odds ratio. 
 

Table 3: Fisher Exact Test values of CR1 (CD35) polymorphism 
 

CR1(CD35) Gene Case N= 130 N % Control N=140 N % P Value Odds Ratio 

Genotype 

HH 57 43.84 52 37.14 0.2673, Ns 1.321, (0.8115 To 2.152) 

HL 60 46.15 58 41.42 0.4627, Ns 1.212, (0.7485 To 1.962) 

LL 13 10.00 30 21.42 0.0123* 0.4074,( 0.2021 To 0.8213) 

Allele 
H 174 66.92 168 58.74 0.0517, Ns 1.421, (1.002 To 2.016) 

L 86 33.07 118 41.25  0.7037, (0.4961 To 0.9982) 

Carriage Rate 
H 117 61.57 110 55.55 0.2572, Ns 1.282, (0.8551 To 1.923) 

L 73 38.42 88 44.44  0.7799, (0.5201 To 1.169) 

N – Number of individuals in study group 

%- Genotype allele frequency and carriage rate expressed in percentage. 

(* denotes the level of significant association between case and control) 
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Graphical Representation of Genotype frequency, Allele 

frequency and Carriage rate:  

In our population, HL genotype frequency was high in both 

case (46.15%) and Control (41.42%) and allele frequency of 

H allele were high in both case (66.92%) and control 

(58.74%). Thus carriage rate of H- allele is also high in case 

(61.57%) and control (55.55%). 
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Fig 3: Genotype Frequency of CR1 (CD35) Gene. 
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Fig 4: Allele Frequency of CR1 (CD35) Gene. 
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Fig 5: Carriage rate of CR1 (CD35) Gene. 

Discussion 
Malaria is a life threatening disease caused by parasites that are 

transmitted to people through the bites of infected female 

mosquitoes. Most of these deaths occur as a result of 

complications such as severe malaria associated anaemia 

(SMA) and cerebral malaria (CM) or coma [15]. Genetic 

disorders that diminish the severity of malaria, including 

sickle-cell disease and thalassemia, demonstrate that mutations 

causing otherwise deleterious conditions have become fixed in 

human populations in specific areas as a result of selective 

pressure related to malaria pathogenesis [16-17]. 

In our study, we focused on polymorphism of CR1 (CD35) 

gene and its association with Plasmodium falciparum malaia in 

vindhya region (including Rewa, Satna, Sidhi, Sahdole, 

district) of Madhya Pradesh, India. We first prepare blood 

smear of malarial infected and healthy individuals (Figure No. 

1). Microscopic observation is showing RBCs with malarial 

infection (Figure No. 1 B) then conformational testing for 

Plasmodium falciparum, used clinical kit.  

We studied 130 case and 140 control including men and 

women separately. First we analyzed anthropometric and 

biochemical parameters (table no.1) in which anthropometric 

parameter BMI was significantly associated with malarial 

infection in men (P = 0.0195*) and women (P = 0.0190*) that 

means weight loss observed during malarial infection whereas 

other parameters like age, height and WHR were not 

associated. Life style factor like Cigarette smoking and Alcohol 

consumption were also non significantly associated with 

malarial infection where as biochemical parameter, TNF-α 

Cytokine Level in serum were showing strong association 

(P<0.0001 ***) with malarial infection. 

In our study, we found two allele of CD35 gene. first H-allele 

and second L-allele. Thus three genotype HH, HL, and LL seen 

in vindhyan population. H allele having 1800bp whereas L 

allele spliced into 1300bp and 500 bp. The frequency of HL 

genotype were high than HH and LL genotype [χ2 (P Value) = 

6.623, (0.0365*)]. The allele frequency of H were high then L 

[χ2 (P Value) =3.896, (0.0484*)]. Carriage rate of H allele were 

also high [χ2 (P Value) =1.449, (0.2287)].Thus we also studies 

Fisher Exact Test of population. The genotype LL is showing 

association between case and control (P = 0.0123*) odds ratio 

(0. 0.4074) whereas Allele fisher exact (P= 0.0517) and 

carriage rate (P= 0.2572) were not associated with malarial 

infection. 

Our study was polymorphism in expression level of CD35 

protein on RBCs. this studies was nearly similar to study in 

Papua New Guinea, a malaria endemic area, Cockburn et al. 

found that a polymorphism that caused a reduction in the 

number of CR1 molecules on erythrocytes conferred protection 

against severe malaria. He found that the frequencies of the L/L 

allelic variant were highest in population that caused low-level 

expression of CR1 on erythrocytes [18]. But in my population H 

allele in high frequency that means CR1 expression is high and 

highly susceptible to plasmodium infection. 

 In addition, African population, Another SNP of CR1, 

A4828G (R1601G), is highly prevalent in malaria endemic 

areas of Africa, but a study in Gambia showed that it was not 

associated with severe malaria [19]. However, the findings of a 

similar study of various European populations supported the 

role CR1 (CD35) polymorphism in malarial infection [20]. 

The work of A. Srivastava & B. Mittal for Indian population 

suggest that decreased expression of complement receptor 1 
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(CR1) on erythrocytes confirm reduced clearance of 

immune complexes, conferring interindividual variation for 

gallbladder cancer (GBC) susceptibility. They studied role 

of CR1 (A3650G RsaI and Intron 27 HindIII) 

polymorphisms in gallstone disease and GBC in north 

Indian population. Genotyping was done by PCR-RFLP. 

They did not find any association of A3650G RsaI and 

Intron 27 HindIII with gallstone disease and GBC, but they 

stabilize polymorphism of CR1 gene (Intron 27 HindIII) and 

their role in immune complex clearance [21]. My study is 

also reveal Intron 27 HindIII polymorphism in north Indian 

population and stabilizes an association to P. falciparum 

malarial infection. 

L. Xiang et.al. studied quantitative expression of 

complement receptor type 1 (CR1) on erythrocytes is 

regulated by two CR1 alleles H and L that differ in having 

genomic HindIII fragments. The HindIII RFLP were 

analyzed in genomic DNA of 85 Caucasians and 75 African 

Americans; sites encoding the other amino acid substitutions 

were analyzed less extensively. Two major haplotypes 

defined prototypic H and L alleles in both ethnic groups, 

suggesting that these alleles existed before the African and 

European populations diverged. Decreased erythrocyte CR1 

expression is associated with impaired clearance of immune 

complexes from blood. Persistence of the L allele in all 

populations that have been analyzed may suggest protective 

allele to malarial infection [12]. This study is similar to our 

study population having odds ratio below from 0.5 (0.4074) 

in LL genotype.  

Another role of Complement receptor-type 1 (CR1, CD35) 

is the immune-adherence receptor, a complement regulator, 

and an erythroid receptor for Plasmodium falciparum during 

merozoite invasion and subsequent rosette formation 

involving parasitized and non-infected erythrocytes [23]. P.B. 

Tetteh-Quarcoo et. al. Studied in Plasmodium falciparum 

infection, complement receptor-1 (CR1) on erythrocyte’s 

surface and ABO blood group play important roles in 

formation of rosettes which are presumed to be contributory 

in the pathogenesis of severe malaria. Meta-analysis 

revealed that the CR1 exon 22 low expression 

polymorphism is significantly associated with protection 

against severe malaria. The results of the present study 

demonstrate that common CR1 variants significantly protect 

against severe malaria in an endemic area [24]. Our study is 

also showing high expression of CR1 on RBCs facilitate 

binding of plasmodium and increased level of TNF-α 

Cytokine in blood. TNF-α is anti-inflammatory cytokine and 

act as a marker to malarial infection [25]. TNF-α level in 

Healthy and case population reveal strong association 

(P<0.0001***) that is similar to P.B. Tetteh-Quarcoo study. 

In our population, frequency of H allele is high than L allele 

that means CD35 protein density is high in RBCs surface 

and those individuals are highly susceptible Plasmodium 

falciparum malaria. Our study nearly close to A. Srivastava 

& B. Mittal’s studies in north Indian population. 

 

Conclusions 

Malaria is a chronic disease in tropical and subtropical 

countries. Plasmodium falciparum born malaria is a highly 

dangerous to human beings. We studied, polymorphism of 

Complement receptor type 1 (CD35) gene in vindhyan 

population including rewa, satna and sidhi district. The 

density of CD35 protein confers susceptibility to P. falciparum 

malaria. In our population, we found three type of genotype 

HH, HL, and LL in which genotype frequency of HH and HL 

genotype is high in population in comparison to LL genotype. 

In addition, we found H allele is high in frequency than L 

allele. H allele for high density of CD35 proteins on surface of 

RBCs and L allele for low density. CD35 protein is an adhesion 

protein for plasmodium, it means high density facilitate to 

binding with more plasmodium and person became highly 

susceptible to malarial infection. Thus, we can say that our 

population is prone to malarial infection where H alleles are 

significantly associated with P. falciparum malaria infection 

whereas L alleles having protective effect.  
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