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Abstract: According to the Angolan Ministry of Health, in 2023, 10.3 million cases of malaria were 

reported, an increase of 23% compared to 2022, however, with several deaths 10,089, against 12,480 

in 2022, representing a percentage reduction of 19%. Background/Objectives: To investigate whether 

blood groups (ABO/Rh) can influence the response of biochemical markers in Plasmodium 

falciparum infection in patients admitted to some hospital units in Luanda/Angola. Methods: A 

longitudinal, prospective, and analytical study was carried out on 518 patients hospitalized for 

malaria in two hospital units in Luanda. Results: Of the 518 malaria patients included in the study, 

the ORh+ group represented (44.6%), followed by ARh+ (22.2%), BRh+ (22.0%), ABRh+ (6.9%), ORh- 

(2.7%), ARh- (1.0%) and BRh- (0.6%). Regarding sociodemographic data, there was no statistically 

significant relationship between age groups, area of residence, serum concentration of creatinine, 

urea, glucose, ALT, gamma GT, degree of parasitemia, antimalarial treatment, clinical condition, and 

clinical outcomes with blood groups (P < 0.05). However, there was a statistical relationship between 

gender, employment status, the blood concentration of direct bilirubin, total bilirubin, and AST with 

blood groups (P < 0.05). Conclusions: It was evident that the biochemical markers in the response to 

malaria infection can be influenced by the blood type of the individuals, especially direct bilirubin, 

total bilirubin, and AST, which showed a statistical relationship with the blood type of the patients 

studied. 
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1. Introduction 

According to the World Health Organization's 2022 World Malaria Report, Angola accounts for 

3.4% of cases and 2.4% of deaths from malaria globally, being one of the five countries responsible 

for more than half of the global malaria burden in infections and deaths and in that 12,474 deaths (a 

reduction of 9% compared to 2021), with a 15% reduction in malaria deaths observed in the same 

period in the six provinces focused on the PMI (2,546 deaths were reported in 2022 against 2,987 in 

2021) [1]. According to the Angolan Ministry of Health, in 2023, 10.3 million cases of malaria were 

reported, an increase of 23% compared to 2022, however, with several deaths 10,089, against 12,480 

in 2022, representing a percentage reduction of 19% [2].  

The indices of various biochemical and physiological markers can reflect the condition of 

complicated malaria, among which the most notable are the indices of glycemia, dyslipidemia, and 

elevated renal and hepatic functions, in addition to the lower antioxidant capacity that not only 

destroys the parasite but also induces endothelial damage [3]. Recent studies show that glycemic 

disturbances may result from disruption of glucose metabolism in malaria, leading to sequestration 
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of intraerythrocytic stages of the parasites in the arteries of the liver in severe P. falciparum infection, 

in addition to involving inhibition of ATP-sensitive potassium channels, which modulate the 

permeability of the pancreatic beta cell membrane to potassium, which may result in a marked influx 

of calcium and release of insulin with reduced blood glucose levels[4–6]. 

Severe malaria infection has also been associated with increased urea and creatinine, and renal 

ischemia may be caused by the parasite being sequestered in the anal microvasculature bed and 

raising urea and creatinine levels[7–9].In Plasmodium infection, high levels of conjugated and 

unconjugated bilirubin may be present, and serum levels of albumin, globulin, and total protein may 

remain unchanged. However, there are reports that high serum bilirubin is the first indicator of liver 

involvement, and this phenomenon occurs three days after infection, followed by increased serum 

aspartate transaminase (AST) and alanine transaminase (ALT) activities[10].  

For some years now, we have been studying the influence of ABO/Rh blood groups on the health 

of the Angolan population in diseases such as SARS-CoV-2, cardiovascular disease, HIV, leprosy, 

chronic kidney disease, patients with nephrotic syndrome and sickle cell anemia, hypertension, 

diabetes, and other diseases, and the results always end up surprising us, which shows that there is 

still much to be learned about blood groups, not only as important factors in blood transfusion but 

also in the health and disease process, as well as in the natural selection of Angolans[11–16]. 

Many studies have shown that the response by biochemical markers, in addition to being an 

indicator of the clinical and physiological state of the patients, can, therefore, favor or disfavor the 

response during infection by Plasmodium falciparum. However, there is a lack of studies that 

demonstrate whether blood groups (ABO/Rh) can influence the response of biochemical markers in 

malaria. Thus, the objective of this study was to investigate whether blood groups (ABO/Rh) can 

influence the response of biochemical markers in Plasmodium falciparum infection in patients 

admitted to some hospital units in Luanda/Angola. 

2. Materials and Methods 

Study Design and setting 

A longitudinal, prospective, and analytical study was conducted on 518 patients hospitalized 

for malaria in two hospital units in Luanda (Hospital Josina Machel and Hospital Geral de Luanda) 

between January 2023 and December 2024. The research ethics committee involving human beings 

evaluated the study. It was subsequently reviewed and approved by the Institute of Health Sciences 

scientific council at Agostinho Neto University. (nº371/GD/ICISA/UAN/2023). It was subsequently 

submitted for approval by the management of the clinic of the Josina Machel Hospital 

(nº36/DPC/HJM/2023) and the Hospital Geral de Luanda (nº272/DPC/HGL/2023). All patients and/or 

responsible family members were invited to participate in the study and, after accepting, had to sign 

an informed consent form before providing blood samples. Of the 1200 patients treated in the project, 

only 518 patients met the inclusion criteria for writing this manuscript. Patients under 12 years of 

age, pregnant women, patients with cerebral malaria, patients with comorbidities such as diabetes, 

hypertension, cardiovascular disease, kidney disease, polycystic kidney, and HIV, and individuals 

over 70 years of age were excluded from this study. 

Patient’s Enrolment Criteria and Sample Collection 

Professionals made the diagnosis of malaria from the hospitals where the study was conducted. 

After this diagnosis, our research team performed rapid malaria antigen tests (SD-Bioline Malaria 

AG Pf/PAN) and subsequently confirmed the diagnosis using a microscopy technique for direct 

visualization of the parasite by thickening peripheral blood stained with Giemsa. Patients who 

presented parasitemia of less than or equal to 50 p/mm3 were classified as low parasitemia, patients 

who presented parasitemia between 51 and 1,000 p/mm3 were classified as moderate parasitemia, 

patients who presented parasitemia between 1,001 and 10,000 p/mm3 were classified as high 

parasitemia, while patients who presented parasitemia above 10,000 p/mm3 were classified as high 

parasitemia [8,18]. A blood sample was taken from the patients in test tubes containing EDTA 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2025 doi:10.20944/preprints202502.2114.v1

https://doi.org/10.20944/preprints202502.2114.v1


 3 of 15 

 

(Ethylenediaminetetraacetic Acid) anticoagulant specific for ABO and Rh blood group phenotyping 

tests and blood group determination was performed using the microplate technique, which is an 

agglutination test between the patient's serum and Anti A, Anti B and Anti D reagents in each of the 

wells for phenotypic identification of blood groups (ABO and Rh). The samples were placed in three 

wells, and the subsequent well was associated with anti-A, anti-B, and anti-D reagents (Immucor, 

Portugal)[11–15]. 

The biochemical markers were analyzed using the Biobase (model BK-200, nº 

SHY2002220510382) Automatic Biochemical Analysis System, with Analysis Method End-point, 

Fixed-time, Rate(Kinetic), Turbidimetry (China). All test results were only considered clinically 

important when they showed variations well below or above 10% of the laboratory reference values 

established by the device. Thus, the lowest (Low) or highest (High) values for creatinine were 

considered using as reference values the average blood creatinine between 0.55-1.41 mg/dL, direct 

bilirubin ≤1.1 mg/dL, total bilirubin between 0.23-1.32 mg/dL, urea between 18.1-55.0 mg/dL, Glucose 

between 63.1-110.0 mg/dL, ALT between 18.7-36.3 U/L, AST 7.3-41.8 U/L and for Gamma GT between 

4.6-66.0 U/L. 

Statistical Analysis  

Descriptive statistics were calculated using the statistical program SPSS v20.0 (IBM SPSS 

Statistics, USA), and the results presented in graphs were developed using Sigmaplot 12.0 (Systat 

Software, Inc.). The descriptive analysis was presented with frequencies and percentages. The normal 

distribution of data was presented as mean and standard deviation (SD). Absolute and relative 

frequencies were determined. The Chi-square (X2) test was used to assess the relationship between 

categorical variables. All reported p-values are two-tailed and deemed significant when p<0.05.. 

3. Results 

Table 1 describes the sociodemographic data of the 518 malaria patients included in the study. 

Among the blood groups found, we found that the ORh+ group represented the majority of patients 

treated (44.6%), followed by individuals ARh+ (22.2%), BRh+ (22.0%), ABRh+ (6.9%), ORh- (2.7%), 

ARh- (1.0%) and BRh- (0.6%). In the evaluation of blood groups according to age groups, it was found 

that the majority of individuals found in the study (58.9%) were young people aged between 19 and 

40 years, followed by adolescent individuals (25.5%) aged between 12 and 18 years. Except for the 

Brh- and ORh- groups, which had more than 30% of individuals over 40 years of age, all other groups 

had more than 80% of their population concentrated among adolescents and young individuals. 

Despite this, the statistical evaluation showed no relationship between age groups and blood groups 

(P=0.335). 

As for gender, it was found that men represented 52.3% of the entire population studied; 

however, an interesting fact was that women represented more than 53% of the population with the 

blood groups ABRh+, ARh- and ARh+, while men represented more than 56% of individuals with 

the blood groups BRh-, BRh+, ORh- and ORh+. The statistical evaluation confirmed this data, 

showing that there is a statistically significant relationship between gender and blood group of the 

patients studied (P=0.041). 

When assessing the patient's place of residence, considering their predisposition to infection 

with the disease, we found that the distribution by urban area (38.2%) and rural area (35.9%) was not 

very significant, except the BRh- -blood group, which showed a majority of individuals living in 

urban areas (66.6%), all other groups showed more than 60% of their population living between the 

peri-urban and rural areas. The statistical evaluation showed no relationship between the region of 

residence and the blood groups of the individuals studied (P = 0.142). 

When assessing the patients' employment status (occupation), we found that the majority of 

patients were students (54.2%), and more than 50% of the individuals with the ABR+, ARh+, BRh+, 

ORh- and ORh+ blood groups were students, which seems to justify the fact that it was in this group 

that the majority of adolescents and young individuals were identified. It was found that only 11.8% 
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of patients had a formal job, individuals with blood groups ABR+, ARh- and BRh- accounted for more 

than 20% of individuals with formal employment, while 42% of ORh+ patients were working 

informally. Although it may seem strange, the statistical analysis showed that there is a relationship 

between work conditions and blood groups (0.050), which raises future discussions regarding this 

data, especially about genetics/health/employment. 

Table 1. Sociodemographic data and blood groups (ABO/Rh). 

Sociodemograph

ic data 

Total Bloods Groups(ABO/Rh) X2 

N(%) ABRh+ ARh- ARh+ BRh- BRh+ ORh- ORh+ 
p-value 

518(100) 36(6.9) 5(1.0) 115(22.2) 3(0.6) 114(22.0) 14(2.7) 231(44.6) 

Age Groups 

Teenegers 132(25.5) 9(25.0) 1(20.0) 34(29.6) 1(33.3) 26(22.8) 3(21.4) 58(25.1) 

 

0.335 

Yougs 305(58.9) 22(61.1) 4(80.0) 63(54.8) 1(33.3) 76(66.7) 6(42.9) 133(57.6) 

Adults 58(11.2) 2(5.6) 0(0.0) 14(12.2) 0(0.0) 9(7.9) 4(28.6) 29(12.6) 

Elderly 23(4.4) 3(8.3) 0(0.0) 4(3.5) 1(33.3) 3(2.6) 1(7.1) 11(4.8) 

Gender 

Female 247(47.7) 26(72.2) 3(60.0) 61(53.0) 1(33.3) 50(43.9) 6(42.9) 100(43.3) 
0.041* 

Male 271(52.3) 10(27.8) 2(40.0) 54(47.0) 2(66.7) 64(56.1) 8(57.1) 131(56.7) 

Residence Zone 

Urban 198(38.2) 13(36.1) 1(20.0) 42(36.5) 2(66.7) 48(42.1) 1(7.1) 91(39.4) 
 

0.142 
Peri-urban 134(25.9) 8(22.2) 1(20.0) 22(19.1) 0(0.0) 30(26.3) 5(35.7) 68(29.4) 

Rural 186(35.9) 15(41.7) 3(60.0) 51(44.3) 1(33.3) 36(31.6) 8(57.1) 72(31.2) 

Working Condition 

Formal Worker 61(11.8) 8(22.2) 1(20.0) 14(12.2) 1(33.3) 9(7.9) 0(0.0) 28(12.1) 
 

 

0.050* 

Informal Worker 146(28.2) 5(13.9) 0(0.0) 33(28.7) 1(33.3) 33(28.9) 6(42.9) 68(29.4) 

Unemployed 30(5.8) 3(8.3) 2(40.0) 6(5.2) 0(0.0) 10(8.8) 1(7.1) 8(3.5) 

Student 281(54.2) 20(55.6) 2(40.0) 62(53.9) 1(33.3) 62(54.4) 7(50.0) 127(55.0) 

In the evaluation of the biochemical response of malaria patients according to blood type (Table 

2), when assessing the creatinine concentration, we noticed that most of the patients studied had high 

blood creatinine levels (37.4%), followed by patients who had normal blood creatinine levels (37.3%), 

however, 60% or more of the ABRh+, ARh-, BRh+ and ORh+ individuals had creatinine levels either 

below or above normal values, only individuals in the BRh- and ORh- groups (57% or more) had 

creatinine levels within the laboratory reference values. More than 34% of the individuals in the 

ARh+, ARh+, BRh+, and ORh+ groups had high blood creatinine levels (above 1.42 mg/dL). The 

statistical evaluation showed no relationship between blood creatinine levels and blood groups (P= 

0.141). 

In the evaluation of the response by blood concentration of direct bilirubin, we noticed that the 

majority of patients (59.1%) presented high levels of direct bilirubin in the blood (above 1.2 mg/dL), 

more than 55% of the individuals in the ABRh+, ARh+, Brh+, and ORh+ groups, presented high blood 

concentrations of direct bilirubin. However, more than 66% of the individuals in the ARh-, BRh- and 

ORh- types of blood groups presented normal blood concentrations of direct birubin. The statistical 

evaluation shows that there is a statistically significant relationship between the blood concentrations 

of direct bilirubin and the blood groups (P=0.024). 

When evaluating the blood concentration of total bilirubin in response to Plasmodium 

falciparum infection, we found that most patients (44.6%) had high levels of total bilirubin in the 

blood (above 1.33 mg/dL), followed by patients (30.7%) who had normal total bilirubin values. Only 

50% of the ABRh+ and ORh- individuals had normal total bilirubin values, 40% or more individuals 

in the ARh+, BRh+, and ORh+ groups had total bilirubin values above normal values, while 80% of 

the ARh- individuals had bilirubin values below normal. The statistical evaluation showed that there 
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was a statistically significant relationship between the blood concentrations of total bilirubin and the 

blood groups (P=0.004). 

In the evaluation of urea, it was found that most patients (42.0%) presented normal urea values 

(18.1-66.0 mg/dL), followed by individuals with urea values higher than the reference values (40.1%). 

It was observed that 60% of the ARh- individuals presented high urea concentrations in the blood, 

while 50% of individuals with Rh-and ORh- blood groups had normal blood urea values. The 

percentage of individuals with normal urea was lower in the other blood groups, however, 50% of 

the BRh- individuals presented urea values below the reference values. The statistical calculation 

showed that there was no significant relationship between the urea serum concentration and the 

blood type of the individuals studied (P=0.639). 

When assessing serum glucose in response to malarial infection, it was observed that most of 

the malaria patients studied (60%) had normal serum glucose levels. When assessing blood groups, 

it was observed that all individuals (100%) ARh- and Brh- had normal serum glucose levels, and 58% 

or more of the ABRh+, ARh+, BRh+, and ORh+ individuals had normal glucose levels. Low glucose 

levels were observed especially in ORh- individuals (42.9%), with high glucose levels observed in 

ABRh+, BRh+, ARh+, and ORh+ individuals, where more than 21% of the individuals in these groups 

had high serum glucose levels. The statistical evaluation showed that there was no statistical 

relationship between serum glucose concentration and the blood type of the patients (P = 0.115).  

In the evaluation of ALT (TGP) as a biochemical marker influenced by blood groups, we found 

that most of the patients studied presented ALT at values below the reference values (≤18.6 U/L), all 

(100%) of the ARh- and BRh- individuals presented below the reference values, in the ARh+, BRh+, 

and ORh+ individuals with low ALT, represented more than 53%. ALT with values above the 

reference values was observed in 32% or more individuals of the ABRh+, ARh+, BRh+, ORh-, and 

ORh+ blood groups. None of the blood groups studied presented at least 20% of individuals with 

ALT at normal values (18.7-36.3 U/L). Despite this, the statistical evaluation showed no relationship 

between the serum concentration of ALT and the blood type of the individuals infected with malaria 

(P= 0.152). 

When evaluating AST (TGO) in the biochemical response to Plasmodium falciparum infection, 

we found that most patients (63.3%) had AST above the reference values (≥41.9 U/L), in all blood 

groups, ABRh+, ARh+, BRh+, ORh- and ORh+ patients, where the percentage of individuals with high 

AST was higher than 53%. The AST concentration was higher than 40% in individuals in the ARh- 

and BRh- blood groups, and only 40% of patients in the ABRh+ blood group had low AST values. 

The statistical evaluation showed that there was a statistically significant relationship between blood 

AST concentrations and blood groups (P=0.022).  

In the evaluation of Gamma GT, under the influence of blood groups, it was shown that the 

majority of the patients studied (72.4%) had normal serum Gamma GT concentrations (4.6-66.0 U/L). 

In all blood groups, the percentage of individuals with normal Gamma GT was greater than 68%; 

however, in individuals ABRh+, ARh-, ARh+, BRh+, ORh- and ORh+, more than 20% of their patients 

had Gamma GT above normal values. Statistical analysis showed that there was no statistically 

significant relationship between blood groups and blood Gamma GT concentration (P=0.571). 

Table 2. Biochemical markers of blood groups (ABO/Rh). 

Biochemical 

Response 

Total Bloods Groups(ABO/Rh) X2 

N(%) ABRh+ ARh- ARh+ BRh- BRh+ ORh- ORh+  

p-value 518(100) 36(6.9) 5(1.0) 115(22.2) 3(0.6) 114(22.0) 14(2.7) 231(44.6) 

Blood Creatinine  Concentration (mg/dL) 

Low(≤0.54 mg/dL) 145(28.0) 15(41.7) 1(20.0) 20(17.4) 1(33.3) 35(30.7) 2(14.3) 71(30.7)  

 

0.141 

Normal(0.55-1.41 

mg/dL) 
193(37.3) 11(30.6) 1(20.0) 51(44.3) 2(66.7) 39(34.2) 8(57.1) 81(35.1) 
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High(≥1.42 mg/dL) 180(34.7) 10(27.8) 3(60.0) 44(38.3) 0(0.0) 40(35.1) 4(28.6) 79(34.2) 

Blood Direct Bilirubin Concentration (mg/dL) 

Normal(≤1.1 

mg/dL) 
212(40.9) 14(38.9) 4(80.0) 51(44.3) 2(66.7) 41(36.0) 11(78.6) 89(38.5) 

 

0.024* 

High(≥1.2 mg/dL) 306(59.1) 22(61.1) 1(20.0) 64(55.7) 1(33.3) 73(64.0) 3(21.4) 142(61.5) 

Blood Total Bilirubin (mg/dL) 

Low(≤0.22 mg/dL) 128(24.7) 6(16.7) 4(80.0) 23(20.0) 1(33.3) 25(21.9) 5(35.7) 64(27.7)  

0.004** Normal(0.23-1.32 

mg/dL) 
159(30.7) 18(50.0) 1(20.0) 42(36.5) 1(33.3) 27(23.7) 7(50.0) 63(27.3) 

High(≥1.33 mg/dL) 231(44.6) 12(33.3) 0(0.0) 50(43.5) 1(33.3) 62(54.4) 2(14.3) 104(45.0) 

Blood Urea  Concentration (mg/dL) 

Low(≤18.0 mg/dL) 92(17.9) 9(25.0) 0(0.0) 18(15.7) 1(50.0) 14(12.5) 2(14.3) 48(20.9)  

        

0.639 

Normal(18.1-55.0 

mg/dL) 
216(42.0) 13(36.1) 2(40.0) 47(40.9) 1(50.0) 53(47.3) 7(50.0) 93(40.4) 

High(≥55.1 mg/dL) 206(40.1) 14(38.9) 3(60.0) 50(43.5) 0(0.0) 45(40.2) 5(35.7) 89(38.7) 

Blood Glucose  Concentration (mg/dL) 

Low(≤63.0 mg/dL) 75(14.5) 4(11.1) 0(0.0) 20(17.4) 0(0.0) 13(11.4) 6(42.9) 32(13.9)  

0.115 Normal(63.1-110.0 

mg/dL) 
313(60.4) 21(58.3) 5(100.0) 69(60.0) 3(100.0) 74(64.9) 5(35.7) 136(58.9) 

High(≥110.1 

mg/dL) 
130(25.1) 11(30.6) 0(0.0) 26(22.6) 0(0.0) 27(23.7) 3(21.4) 63(27.3) 

Blood ALT  Concentration (U/L) 

Low(≤18.6 U/L) 284(54.8) 17(47.2) 5(100.0) 64(55.7) 3(100.0) 62(54.4) 9(64.3) 124(53.7)  

0.152 Normal(18.7-36.3 

U/L) 
38(7.3) 3(8.3) 0(0.0) 5(4.3) 0(0.0) 15(13.2) 0(0.0) 15(6.5) 

High(≥36.4 U/L) 196(37.8) 16(44.4) 0(0.0) 46(40.0) 0(0.0) 37(32.5) 5(35.7) 92(39.8) 

Blood AST  Concentration (U/L) 

Low(≤7.2 U/L) 27(5.2) 3(8.3) 2(40.0) 6(5.2) 0(0.0) 6(5.3) 2(14.3) 8(3.5)  

0.022* Normal(7.3-41.8 

U/L) 
163(31.5) 14(38.9) 2(40.0) 37(32.2) 2(66.7) 28(24.6) 3(21.4) 77(33.3) 

High(≥41.9 U/L) 328(63.3) 19(52.8) 1(20.0) 72(62.6) 1(33.3) 80(70.2) 9(64.3) 146(63.2) 

Blood Gama GT  Concentration (U/L) 

Low(≤4.5 U/L) 11(2.1) 0(0.0) 0(0.0) 3(2.6) 0(0.0) 4(3.5) 0(0.0) 4(1.7) 

0.571 
Normal(4.6-66.0 

U/L) 
375(72.4) 21(58.3) 4(80.0) 79(68.7) 3(100.0) 86(75.4) 11(78.6) 171(74.0) 

High(≥66.1 U/L) 132(25.5) 15(41.7) 1(20.0) 33(28.7) 0(0.0) 24(21.1) 3(21.4) 56(24.2) 

When we sought to evaluate the mean of the biochemical markers creatinine, direct bilirubin 

and total bilirubin (Figure 1.A) in individuals of the same blood group, we found that when 

evaluating the mean (with its standard deviation) of creatinine among individuals of the different 

blood groups, the general mean of creatinine in the patients studied was 4.48 ± 16.36 mg/dL, the only 

individuals who presented a mean of creatinine between the reference values (between 0.55-1.41 
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mg/dL) were patients of the BRh- blood group (0.64 ± 0.47 mg/dL), all the other blood groups 

presented creatinine values higher than the reference values and the highest mean of creatinine were 

observed in ARh- individuals (13.13 ± 11.62 mg/dL), followed by individuals of the groups 

BRh+(5.51±25.55 mg/dL) and ORh+(4.82±15.90 mg/dL) and ARh+(3.72±11.6 mg/dL). 

In the evaluation of direct bilirubin, we noticed that only the general mean of direct bilirubin in 

the patients studied was 5.62 ± 12.13 mg/dL, individuals of the ARh- blood group were the only 

patients who presented Direct Bilirubin values (0.50 ± 0.53 mg/dL) between the reference values (≤ 

1.1 mg/dL), the other groups presented direct bilirubin values much higher than normal values, 

especially among individuals of the BRh + blood group (6.98 ± 11.57 mg/dL), BRh- (6.82 ± 11.32 

mg/dL) and ARh + (6.82 ± 19.68 mg/dL).  

When evaluating the mean total bilirubin in the individuals included in the study, it was found 

that the mean total bilirubin in this population was 3.03 ± 6.20 mg/dL, where only individuals ARh- 

(0.35 ± 0.34 mg/dL), BRh- (1.32 ± 1.88 mg/dL) and ORh- (1.34 ± 3.17 mg/dL) presented total bilirubin 

values close to or between the reference values (between 0.23-1.32 mg/dL), all other groups presented 

higher total bilirubin values, especially individuals ARh + (3.47 ± 6.80 mg/dL), BRh + (3.37 ± 5.37 

mg/dL) and ORh + (2.97 ± 6.81 mg/dL). 
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Figure 1. A- Mean ± SD concentration of creatinine, direct bilirubin, and total bilirubin in blood groups 

(ABO/Rh). 

In the evaluation of the mean urea as a biochemical marker influenced by blood groups in 

Plasmodium falciparum infection response, we found that the general mean urea in patients with 

malaria included in the study was 81.80±95.98 mg/dL, and only blood group that presented mean 
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urea within the laboratory reference values (between 18.1-55.0 mg/dL) were patients in the BRh- 

group (37.09±21.77 mg/dL). In all other groups, mean blood urea values were much higher than 

normal, especially in patients in the ARh- (155.04±119.05 mg/dL) and ARh+ (103.72±128.60 mg/dL) 

blood groups.  

When assessing serum glucose in patients with malaria, we found that the patients had an 

average blood glucose level of 100.23±60.03 mg/dL. The average of most individuals by blood group 

studied presented average serum glucose values within the reference values (between 63.1-110.0 

mg/dL), with the exception of patients in the ABRh+ group who had an average blood glucose level 

slightly higher than normal values (118.27±127.83 mg/dL). 

In the evaluation of the mean ALT (TGO), we found that the general mean ALT in patients with 

malaria was 42.77 ± 62.49 U/L, except patients with the BRh+ blood group who presented ALT values 

(34.23 ± 33.23 U/L) within the reference values (26.2-36.3 U/L), some blood groups presented ALT 

values well below normal values, especially the ARh- (13.64 ± 3.50 U/L), BRh- (14.60 ± 10.51 U/L) 

blood groups or values above normal values as was the case of patients with the ORh- (61.92 ± 102.41 

U/L), ARh+ (47.73 ± 82.64 U/L), ABRh+ (44.42 ± 54.56 U/L) and ORh+(44.08±60.81 U/L).  

The mean AST value observed in patients with malaria was approximately 99.58±198.32 U/L, 

where only patients of the ARh- blood group presented mean AST values(23.16±27.22 U/L) within 

the laboratory reference values (7.3-41.8 U/L), all other groups of patients presented mean AST values 

above the values considered normal, the most expressive AST values were observed in individuals 

of the ABRh+ (105.67±132.72 U/L), ARh+(116.68±341.98 U/L) and ORh+(96.82±145.17 U/L) and 

BRh+(94.40±111.02 U/L) blood groups.  

In the Gamma GT assessment, we observed that the patients monitored had a mean Gamma GT 

value of 58.60±91.12 U/L), the majority of individuals with blood groups studied presented Gamma 

GT values within the reference values (between 4.6-66.0 U/L), the only exception was observed in 

individuals with ABRh+ blood groups who presented a mean Gamma GT value higher than normal 

(78.90±149.16 U/L). 

When assessing the clinical condition of patients, which may be influenced by blood types (Table 

3), we found that 40.5% of patients had high parasitemia (> 10,000 p/mm3). This condition was 

observed in almost all blood groups studied, where more than 40% of patients from all blood groups 

had high parasitemia, where 66.7% of individuals from the BRh- group had high parasitemia, the 

only exception being in the BRh+ blood group (33.0%). The statistical evaluation showed no 

relationship between the parasite load and blood groups (P=0.449). 

In the assessment of the clinical condition, it was found that most individuals studied had a 

moderate clinical picture. However, more than 28% of individuals from all blood groups studied had 

severe cases of the disease, the only exception being observed in the ARh- group, where all 

individuals had a moderate case of malaria. More than 80% of the individuals studied, regardless of 

blood group, presented a moderate to severe clinical condition. Statistical analysis did not show any 

relationship between the patient's clinical condition and blood groups (P=0.763). 

Regarding the most indicated hospital treatment, we found that the majority of patients studied 

were treated with Artesunate (66.8%) of the individuals studied, this treatment was indicated in more 

than 60% of patients in the ABR+, ARh+, BRh-, BRh+, ORh- and ORh+ groups, however, the strange 

thing was that it was observed that 60% of ARh- patients were treated with Coartem and 33% of BRh- 

patients were treated with Arthemeter. The statistical analysis did not show any statistically 

significant relationship between the antimalarial treatment and the blood groups of the patients 

studied (P= 0.134). 

 In the evaluation of clinical outcomes, we found that 81.9% of the patients studied were 

discharged from the hospital. This rate was also reflected in the blood groups, since in individuals 

ABRh+, ARh-, ARh+, BRh-, BRh+, ORh+, and ORh+, the hospital discharge rate was between 77 and 

100%, especially in Rh- individuals, except for ORh-. The ORh-blood group had the highest mortality 

rate (14.3%), followed by ORh+ (6.5%), BRh+ (6.1%), ABRh+ (2.8%) and ABRh+ (2.6%). Individuals 

who had the highest rate of hospital stay (more than 7 days) were from the ABRh+ (19.4%), BRh+ 
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(16.7%), and ARh+ (13.9%) blood groups. However, the statistical evaluation did not show a 

statistically significant relationship between clinical outcomes and blood groups (P= 0.479). 

Table 3. Clinical condition and blood groups (ABO/Rh). 

Clinical data Total Bloods Groups(ABO/Rh) X2 

N(%) ABRh+ ARh- ARh+ BRh- BRh+ ORh- ORh+  

p-value 518(100) 36(6.9) 5(1.0) 115(22.2) 3(0.6) 114(22.0) 14(2.7) 231(44.6) 

Parasitemic Level 

Low(≤50p/mm3) 157(30.3) 7(19.4) 2(40.0) 44(38.3) 1(33.3) 37(32.5) 5(35.7) 61(26.4)  

 

0.449 

Moderate(51-1000 

p/mm3) 
135(26.1) 13(36.1) 1(20.0) 29(25.2) 0(0.0) 20(17.5) 3(21.4) 69(29.9) 

High(1001-10.000 

p/mm3) 
210(40.5) 15(41.7) 2(40.0) 38(33.0) 2(66.7) 51(44.7) 6(42.9) 96(41.6) 

Hyper(≥10.001 

p/mm3) 
16(3.1) 1(2.8) 0(0.0) 4(3.5) 0(0.0) 6(5.3) 0(0.0) 5(2.2) 

Clinical Condition 

Light 71(13.7) 6(16.7) 0(0.0) 16(13.9) 0(0.0) 15(13.2) 2(14.3) 32(13.9)  

0.763 Moderate 283(54.6) 18(50.0) 5(100.0) 61(53.0) 2(66.7) 56(49.1) 8(57.1) 133(57.6) 

Severe 164(31.7) 12(33.3) 0(0.0) 38(33.0) 1(33.3) 43(37.7) 4(28.6) 66(28.6) 

Antimalarial treatments 

Artesunate 346(66.8) 26(72.2) 2(40.0) 82(71.3) 2(66.7) 80(70.2) 10(71.4) 144(62.3)  

0.134 Arthemeter 70(13.5) 6(16.7) 0(0.0) 14(12.2) 1(33.3) 17(14.9) 3(21.4) 29(12.6) 

Coartem 102(19.7) 4(11.1) 3(60.0) 19(16.5) 0(0.0) 17(14.9) 1(7.1) 58(25.1) 

Outcomes 

Discharged 424(81.9) 28(77.8) 5(100.0) 96(83.5) 3(100.0) 88(77.2) 11(78.6) 193(83.5)  

        

0.479 

Long 

Hospitalization 
66(12.7) 7(19.4) 0(0.0) 16(13.9) 0(0.0) 19(16.7) 1(7.1) 23(10.0) 

Dead 28(5.4) 1(2.8) 0(0.0) 3(2.6) 0(0.0) 7(6.1) 2(14.3) 15(6.5) 

4. Discussion 

The study showed a distribution of blood groups where the ORh+ blood group was more 

representative, followed by ARh+ and BRh+ individuals and the Rh+- and ABRh+ blood groups in 

smaller percentages, similar data (Table 1), had already been found in previous studies, carried out 

by some of our research in Angola, where in patients with malaria ABRh+ (6.6%), ARh- (2.0%), ARh+ 

(24.7%), were BRh+ (21.2%), ORh- (2.5%) and ORh+ (42.9%), in patients with Leprosy, ORh+ (51.9%), 

BRh+ (27.4%), ARh+ (18.7%), ABRh+ (1.0%) and BRh- (1.0%), in patients with diabetes where patients 

ORh+ (44%), ARh+ (27%), BRh+ (23%) and ORh- (2%) and in individuals with HIV where patients 

ORh+ (46.9%), BRh+ (25.4%) and ARh+ (23.1%) and ABRh+ (4.6), without the presence of Rh-

[12,13,18,19].  

Results in the present study, although presenting data regarding age and place of residence, 

showed a relationship between gender and occupational status with blood groups (Table 1), 

especially because women were mostly ABR+, ARh- and ARh+ while men were from other groups, 

at the same time that Rh+ individuals were mostly those who have informal employment, which 

raises different perceptions and reflections about these results. In a previous study to evaluate the 

hepatic profile of patients with malaria, we found sociodemographic data close to the current data, 
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where of the 199 participants included in the study, individuals aged between 20 and 30 years 

predominated (45.2%, 90/199), female gender (61.8%, 123/199), patients from urbanized areas (53.8%, 

107/199), secondary educational level (43.2%, 86/199) and employed (75.4%, 150/199)[20]. Another 

study carried out in Kenya found that individuals with blood group B+ are more likely to have high 

parasitemia compared to those with blood group O+ (OR = 4.47, CI = 1.53–13.05, p = 0.006)(18) )[21]. 

The results of the present study demonstrated that there is a variation in serum creatinine values 

(Table 2), where the highest mean creatinine values were observed in individuals in the ARh- group 

and the lowest mean values in individuals in the BRh- groups (Figure 1.A), which leads us to agree 

with previous studies that state that at low serum creatinine levels, the mathematical relationship 

between creatinine and eGFR is exponential, where a small change in a low creatinine level has a 

substantial impact on eGFR. However, the same small change in a patient with a high creatinine level 

will have a minimal impact on the calculated eGFR [22].   

Previous studies by some of our team members have shown that blood urea nitrogen and 

creatinine were negatively correlated, while GFR was positively correlated with red blood cell count, 

Hb concentration, and hematocrit in P. falciparum-infected patients who developed AKI, suggesting 

that AKI correlates with the severity of anemia in P. falciparum malaria[7]. In other studies where 

patients were followed and monitored by serum creatinine (SCr) and blood urea nitrogen (SUr) 

measurements for a period between 2 and 4 days, patients were grouped according to renal damage 

(with AKI and without AKI), and the results revealed an increase in the mean SCr values in patients 

with AKI compared to patients without AKI, interestingly, an increase in the mean SCr values was 

also observed in patients without AKI, where vital signs indicated a condition of renal damage, which 

could be an excellent aid to health professionals in the evaluation and decision-making in the 

treatment of patients with malaria [7,23].  

The study showed that the concentration of direct and total bilirubin is influenced by blood type 

(Table 2), with some blood groups producing more bilirubin than others (Figure 1.A). Data from a 

previous study found that the bilirubin level was elevated >2.5 × ULN in 12.4% of all cases with LFT 

measurements; this elevation of bilirubin was moderate in most cases, although malarial liver disease 

was found in 2.4% of all cases of severe or very severe patients with a maximum value of 20.5 × ULN; 

however, all cases with elevated bilirubin peaked before day 3 of hospitalization [24].   

One study showed that using the criteria of bilirubin > 50 µmol/L with parasitemia ≥ 100,000/µL, 

the odds of developing severe malarial anemia were higher among patients with blood groups A (OR 

= 10.0 95% CI: 6.5–19.8, p < 0.0001) and B (OR = 2.6, 95% CI: 1.1–6.0, p = 0.0232), compared with blood 

group O[25]. A previous study observed that the liver function of patients with malaria was affected 

because they found a statistically significant association in the production of biochemical markers 

such as aspartate transaminase (AST), total bilirubin (BLR.T), and direct bilirubin (BLR.D) levels in 

malaria cases compared to non-malarial controls (p < 0.05, p < 0.0001 and p < 0.05, respectively)[26].  

Although the present study showed that there were slight differences between the blood groups 

that presented mean urea within the laboratory reference values (Table 2) and the mean blood urea 

value in different groups (Figure 2.B), there was no statistical relationship between blood groups and 

urea concentration. A previous study developed by some of the members of our team in patients with 

malaria in Angola had already found that patients with hyperuremia presented high (37.0 to 58.5 

mg/dL) and medium (49.3 to 79.0 mg/dL) parasitemia, as well as patients treated with Artemether 

presented medium urea (less than 50.0 mg/dL) and Artesunate (between 70.4 and 77.8 mg/dL), as 

well as patients who were discharged (44.8 to 51.7 mg/dL), those who remained hospitalized (49.1 to 

51.5 mg/dL) and who died (74.1 to 73.6 mg/dL), demonstrating that uremic changes can be influenced 

by the parasitemic condition, antimalarial treatment and the clinical outcomes of patients with 

malaria [27].  Another previous study observed data different from ours since in that study the mean 

limit of the urea level of the patients was within the specified normal limits of 2.0 mmol/L - 8.0 

mmol/L, except for the malaria-negative patients, whose upper limit of their mean distribution was 

above 8.0 mmol/L (i.e., 7.57 mmol/L + 2.36 mmol/L = 9.93 mmol/L), where the dispersion of the urea 

data obtained from the patients was observed within the normal limits[28]. 
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Figure 2. B- Mean ± SD concentration of urea and glucose in blood groups (ABO/Rh). 

In the present study, many patients with hyper or hypoglycemia were not observed (Table 3), 

where only patients in the ABR+ group presented an average serum glucose level higher than the 

reference values (Figure 2.B). This differs from a study from Congo Brazavil that identified a total of 

105/158 (66.46%) children who had at least one episode of glycemic disturbance on admission and 

during 3 days of glycemia monitoring, where 83 (52.53%) had moderate hyperglycemia, 28 (17.72%) 

severe hyperglycemia, 24 (15.19%) moderate hypoglycemia and 4 (2.53%) severe hypoglycemia and 

60 (57.14%) of the 105 children had glycemic abnormalities after admission, in this study the factors 

associated with lethality were age < 5 years [OR = 6.77 (1.43 - 32.02), p = 0.006] and hypoglycemia 

(moderate and severe) on admission [OR = 17, (4.53 - 65.71), p = 0.0001](16) [29,32]. Another study 

concluded that hyperglycemia, hypoglycemia, hyperlactemia, and hyperinsulinemia are facets of the 

syndrome in the dispute for supremacy in malaria, which other forms of malaria treatment tend to 

promote[29]. 

Although in the present study ALT levels were shown to be related to blood type and AST and 

gamma GT were not (Table 2), it was noticeable that the mean concentrations of these metabolites 

were different in each blood group (Figure 3C), this reinforces the data from a study that found that 

an elevated ALT level >3 × ULN was identified in 15.1% of all cases with LFT measurements, where 

peak ALT elevations were observed in moderate (58%), severe (31%) and very severe (10%) patients 

and the peak ALT elevation was identified at 25.8 × ULN and occurred on day 4 of hospitalization[24]. 

Elevation of aspartate transaminase was identified at similar rates to ALT elevation, although the 

temporal distribution of peak AST elevation appears to favor a slightly earlier onset and possibly 

resolve largely within the follow-up period [24,30]. A Sudanese study showed that patients infected 
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with malaria have a significant elevation of total bilirubin, direct bilirubin, indirect bilirubin, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) and a 

significant decrease in albumin levels. However, there is no significant difference in total protein 

levels between patients with and without malaria [31]. Another study in Ghana identified that the 

AST/ALT ratio decreased significantly (P < 0.0001) when falciparum parasitemia was greater than or 

equal to 10,000 parasites/µL. However, the hepatic markers AST, ALT, ALP, GGT, TBIL, and DBIL 

increased significantly (P < 0.0001) in serum when falciparum parasitemia was greater than or equal 

to 10,000 parasites/µL [30]. A study by our team identified that despite the low frequency, group AB 

presented high mean values of AST and gamma GT; high ALT values were observed in the B group, 

while high bilirubin values were observed in the O group. However, the differences in mean values 

of gamma GT depending on the blood groups were statistically significant (p=0.006), although no 

statistical significance was observed (p>0.05), all high values of ALT (48.5 ± 122), AST (85.9 ± 117), 

gamma GT (74.9 ± 126) and bilirubin (245 ± 3307) were found in patients with positive Rh factor [20]. 

Biochemical Response(C)
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      Blood Groups (ABO/Rh)
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Figure 3. C- Mean ± SD concentration of ALT(TGP), AST(TGO), and Gama GT in blood groups (ABO/Rh). 

The data from the present study (Table 2) differ slightly since, in the previous study, it was 

observed that most patients had low parasitemia upon hospital admission (less than 51 

parasites/mm3), and high parasitemia was observed mainly in individuals in the ABRh (+), BRh (+) 

and ORh (+) groups. Most patients had a clinical picture considered moderate (53.5%, n = 106/198), 

especially 46.5% of ABRh(+) patients had a severe clinical picture. However, no statistical relationship 

was observed between age group, sex, parasitemia, clinical picture, and blood groups (p<0.05) [5], 

and this time gender and employment status were related to blood groups. In the Kenya study, age 
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groups were also associated with parasitemia levels (p = 0.0006), and children over 5 years of age had 

low parasite densities [21]. 

5. Conclusions 

It can be concluded that Angolan men and women hospitalized for malaria, where the working 

conditions are possibly affected by the health/disease condition, the population is mostly young, and 

the Rh-blood groups are very small in number, even in individuals with blood group O who 

constitute the majority among the population of Angola. It was evident that the biochemical markers 

in the response to malaria infection can be influenced by the blood type of the individuals, especially 

direct bilirubin, total bilirubin, and AST, which showed a statistical relationship with the blood type 

of the patients studied. Our focus now is to understand how the response by extracellular vesicles 

can be influenced by blood type and how they favor or disfavor the susceptibility and severity of 

infection by Plasmodium falciparum. 
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