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Background: Malaria screening for blood derived from any donors prior to transfusions is 
a standard procedure that should be performed; but, in fact, it is not routinely conducted. In 
case of the blood is infected with Plasmodium spp., the survival of parasites may be 
depending on, or even influencing, the profile of red blood cells (RBCs).
Methods: This observational longitudinal study was conducted upon 55 bags of donor blood 
that randomly selected. Malaria infections were detected using Rapid Diagnostic Test/RDT 
with thin and thick blood smear confirmation. The changes of Plasmodium spp. viability and 
RBCs profiles, as well as other hematological parameters, were observed from the results of 
routine hematological examinations which were performed on days 1,7,14 and 21 of storage.
Results: Among 55 blood samples, there were 17 and 38 bags, respectively, positive and 
negative for malaria, then used for analysis as the case and control groups. There were 
significant decreasing values (p<0.05) of all routine blood examination parameters of donor 
blood, started from days 1, 7, 14, 21, and 28. There were no differences in decreasing profiles 
between those infected and non-infected donor blood (p>0.05). On days 21 and 28 none of 
the positive samples still contained parasites.
Conclusion: Erythrocytes profiles of donor blood significantly decreased with the duration 
of storage, but were not influenced by the presence of Plasmodium spp.
Keywords: donor blood, Plasmodium viability, erythrocyte profile, storage

Introduction
Malaria is one of the leading life-threatening infectious diseases, especially in 
endemic regions, such as Sub Sahara, South and Central America, and some regions 
in Asia. Besides the natural cases, transfusion-transmitted malaria (TTM) may 
commonly occur in an endemic area, through the transfusion of blood from 
asymptomatic donors. WHO has already recommended following the procedure 
of blood screening for malaria as well as for HIV, hepatitis, and VDRL, but in fact, 
those were not routinely conducted,1,2 even in Indonesia as well.3

The bloods derived from the donors are collected in the bags containing antic
oagulant, and if not immediately given to the recipients, they will be stored in 
certain conditions, such as a temperature of −4°C.4 In those specific conditions, the 
anticoagulant is needed to maintain the viability of blood, together with its contain
ing components, before the transfusion.5

In normal condition, the viability of blood especially red blood cells, as long as 
they are still in the circulation, is around 120 days, before they then are metabolized 
by the hematopoietic system. But if the RBCs are infected by Plasmodium spp., 
their viability will be shorter, as they will be damaged by the parasite inside the 
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RBCs. The rate of RBC damage will be relevant to the 
species of Plasmodium, and therefore will influence the 
RBC profiles also.6

There are several hematological parameters routinely 
used to express the quality of blood components, espe
cially the RBCs profiles; ie, the level of hemoglobin (Hb), 
hematocrit (HCT), Mean Corpuscular Volume (MCV), 
Mean Corpuscular Hemoglobin (MCH), and Mean 
Corpuscular Hemoglobin Concentration (MCHC).7 The 
quality of the RBCs will also affect the growth of the 
parasites and indirectly the rate of transfusion-transmitted 
malaria. For that reason, this study was conducted in order 
to observe the influence of duration of blood storage prior 
to transfusion on RBCs profiles, in the blood infected and 
not infected by Plasmodium spp., as well as the viability of 
parasites in the infected blood.

Research Design
This study is an observational longitudinal study using 
blood from the donation as samples. The bloods were 
examined for the presence or absence of Plasmodium 
spp., and divided into two groups Plasmodium spp. (+) 
and Plasmodium spp. (-). Donor blood had been analyzed 
for erythrocyte profiles using a hematology analyzer for 
six parameters. This study was conducted in accordance 
with the Declaration of Helsinki and approved by the 
ethics committee of Health Research Faculty of 
Medicine, Lambung Mangkurat University, through the 
issuance of an ethical clearance no. 521/KPK-FK 
UNLAM/EC/X/2017. The donors were informed about 
the possibility that their blood would not be given to 
recipients, instead to be used as a research sample, and 
they understood about it. If they agreed, they must sign an 
informed consent.

Materials and Methods
After receiving ethical approval from the Ethics 
Committee, blood samples were collected at the same 
time as blood donor activities on Blood Bank, Banjar 
District and Blood Bank, Tanah Laut District and Blood 
Bank, from October 2017 to February 2018. We collected 
1281 bags of donor blood. Results of malaria screening 
using RDT and blood smear examinations showed that 17 
were positive. As sample size calculation needed 55 sam
ples, we randomly determined 38 malaria negative sam
ples as control with the consideration of matching of sex 
and age. Prior to the blood donation activity, hemoglobin 
level, blood pressure examination and a brief interview 

about donor history were conducted to select donors 
based on exclusion criteria, such as the age over 60 
years, suffering from Diabetes Mellitus, hypertension, 
asthma, heart disease and congenital blood disorders. The 
bloods in the bags were taken from donors who were 
positive and negative for malaria, sent in a cooler box, 
and then stored at −4°C until they were used for further 
examinations and analysis, as study and control groups, 
respectively.

When examining hemoglobin, the residual blood at the 
fingertips was immediately screened for malaria using 
blood smear (thin and thick blood smear preparations) 
and using Rapid Diagnostic Test (Pakar Biomedika 
Indonesia, catalog number: AUC-01D07) to identify the 
presence of Plasmodium falciparum histidine-rich protein- 
2 (PfHRP-2) and all species of pan lactate dehydrogenase. 
The donor blood bags that were used to collect samples 
contained CPDA-1 anticoagulant (JMS Single Blood Bag 
350 mL Catalog Number 901396401). During the experi
mental study, the blood was stored at −4°C in the faculty 
refrigerator and checked daily to ensure the consistency of 
the temperature. Furthermore, screening for HIV/AIDS, 
syphilis, and hepatitis was carried out on blood transfu
sions as a routine screening in accordance with 
Government Regulation No.7 of 2011.3 The changes of 
erythrocytes (RBCs) profile and other hematological para
meters were observed from the results of routine hemato
logical examinations using a hematological analyzer 
(Rayto Web lab, Type WP-330, catalog no. 42000000- 
AKS-000458665) which were performed on days 1,7,14, 
and 21 of storage. The viability of Plasmodium spp. was 
observed using standard Giemsa stain and was determined 
based on the morphology of the parasite that still con
tained nucleus and cytoplasm without any form of crisis 
form.

Erythrocyte profile examination results were tabulated 
and then calculated for the average and their distribution. 
Statistical analyses utilized to evaluate the erythrocyte 
profiles based on the day of observation were the 
Repeated ANOVA test and post-hoc Paired Wise 
Comparison test for RBC, HCT and MCH, and Friedman 
test and post-hoc Wilcoxon test for Hb, MCV and MCHC 
with a significance level of p<0.05, while erythrocyte 
profiles based on groups infected with Plasmodium spp. 
and not infected with Plasmodium spp. were analyzed 
using the Independent T-test for RBC, Hb, HCT, and 
MCH and Mann–Whitney test for MCV and MCHC with 
significance level p<0.05.
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Results
The characteristics of the research subjects are based on 
age, gender, education, employment and the blood group 
classification as mention in Table 1.

The mean value of all parameters of erythrocyte blood 
profile in all donor blood tended to decrease through the 
days of observation (Table 2). The statistical results 
showed that there were significant differences in the pro
file of RBCs among five different days of observations 
(p=0.000, using Repeated ANOVA test and Friedman test).

Observations of the presence and the survival of the 
parasite in the donor blood based on the morphology of 
Plasmodium spp. were carried out using thin and thick 
blood smear preparations. Three species of Plasmodium 
vivax, Plasmodium falciparum, Plasmodium ovale and 
mixed infections of Plasmodium vivax, Plasmodium falci
parum, were identified as shown in Figures 1 and 2.

Until day 14, Plasmodium falciparum, Plasmodium 
vivax and mix infection still can be detected as immature 
and mature trophozoite stage with normal morphology 
containing a regular nucleus and clear cytoplasm without 
any form of crisis form. Unfortunately, the longer storage 

makes reduction in the presence of the parasites 
(Figure 3).

During storage, a decrease in the number of RBCs from 
donor blood containing Plasmodium spp. was compared to 
those in the RBCs from donor blood that did not contain 
Plasmodium spp. There was no significant difference in the 
results (Independent T-test showed the first day, p= 0.226; 
seventh day, p= 0.066; fourteenth day, p= 0.067; twenty-first 
day, p= 0.050; twenty-eighth day, p= 0.375). The mean of 
RBCs numbers decreased significantly with storage time 
based on day observation (7th day lower than those at 
1st day, 14th day lower than those at 7th day, 21st day lower 
than those at 14th day, 28th day lower than those at 21st day, 
all p value = 0.000; Repeated ANOVA test and post-hoc 
Paired Wise Comparison test). The longer storage led to 
more erythrocyte lysis, causing more decrease in RBCs num
ber in the two groups. Figure 4 shows there were more than 
50% of RBCs lysis on the 21st day of observation in both 
donor blood groups.

The following graph shows a hemoglobin level in 
serial observations of both groups (Figure 5). There was 
no significant different about the results (the first day, p= 

Table 1 Demographic Characteristics of Research Subjects

Characteristics Category Plasmodium spp. (+) (N = 17) Plasmodium spp. (-) (N = 38)

∑ Percentage ∑ Percentage

Sex Man 8 47,06% 17 44,74%

Women 9 52,94% 21 55,26%

Age < 30 years 3 17,65% 14 36,84%

30–40 years 9 52,94% 14 36,84%

41–50 years 4 23,53% 4 10,53%
51–60 years 1 5,88% 6 15,79%

Employment Traders/Seller 1 5,88% 3 7,89%
The farmers 11 64,7% 7 18,42%

The miners 3 17,65% 1 2,63%

Company employees - 19 50%
Government employees - 2 5,26%

Not work or students 2 11,76% 6 15,79%

Education No school 6 35,29% 2 5,26%

Primary school 6 35,29% 5 13,16%
junior high school 4 23,53% 13 34,21%

Senior high school - 16 42,11%

University 1 5,88% 2 5,26%

Blood group A 5 29,41% 13 34,21%

B 4 23,53% 6 15,79%
AB - 3 7,89%

O 8 47,06% 15 39,47%

Journal of Blood Medicine 2021:12                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
89

Dovepress                                                                                                                                                      Al Audhah et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


0.402; seventh day, p= 0.061; fourteenth day, p= 0.081; 
twenty-first day, p= 0.098; twenty-eighth day, p= 0.178; 
Independent T-test). From the observation that was carried 
out from the first day to the twenty-eighth day of storage, 
the Hb levels were significantly different between day 
observations with all p value = 0.000 (Friedman test and 
Post-hoc Wilcoxon test) both in two groups.

The following graph shows a hematocrit level in 
serial observation of both groups (Figure 6). Both hema
tocrit levels from donor blood containing Plasmodium 
spp. and did not contain Plasmodium spp. decreased 
over a long period of storage. The trend was similar to 
that in Figure 4 which shows the decrease of erythrocyte 

number. Statistical analysis showed there was no differ
ence in the level of hematocrit between the two donor 
blood groups (p = > 0.05). Independent T- test showed 
the first day, p = 0.525; seventh day, p = 0.105; 
fourteenth day, p = 0.118; twenty-first day, p = 0.127; 
twenty-eighth day, p = 0.127. The longer storage caused 
more decrease in all of the hematocrit levels in the two 
groups, which showed there was a difference (all 
p value = 0.000, Repeated ANOVA test and post-hoc 
Paired Wise Comparison test).

All-day observations of MCV levels from donor blood 
containing Plasmodium spp. and that not containing 
Plasmodium spp. were similar and there was no difference 

Table 2 Erythrocyte Profiles (Mean, Median, Standard Deviation, Minimum–Maximum)

Parameters Day of Observation Plasmodium spp. (+) (N=17) Plasmodium spp. (-) (N = 38)

Median 
(Minimum-Maximum)

Mean ± SD Median 
(Minimum-Maximum)

Mean ± SD

RBC (× 10^6/ul) 1st day 5.31 (4.08–6.85) 5.35 ± 0.78a 4.90 (3.86–6.86) 5.08 ± 0.73a

7th day 3.63 (2.90–5.14) 3.73 ± 0.59b 3.31 (2.62–4.66) 3.41 ± 0.51b

14th day 2.27 (1.74–3.34) 2.34 ± 0.41c 2.09 (1.64–2.94) 2.12 ± 0.33c

21st day 1.24 (0.00–2.00) 1.29 ± 0.42d 1.20 (0.00–1.71) 1.03 ± 0.52d

28th day 0.00 (0.00–1.10) 0.13 ± 0.35e 0.00 (0.00–1.09) 0.42 ± 0.19e

Hb (g/dl) 1st day 14.20 (11.40–16.40) 14.20 ± 1.09a 14.30 (9.30–16.30) 13.80 ± 1.78a

7th day 9.90 (8.60–12.30) 9.89 ± 0.95b 9.60 (6.00–11.10) 9.31 ± 1.24b

14th day 5.90 (5.20–8.00) 6.20 ± 0.76c 5.90 (3.60–7.00) 5.79 ± 0.81c

21st day 3.40 (2.80–4.80) 3.58 ± 0.55d 3.40 (2.00–4.10) 3.31 ± 0.50d

28th day 1.80 (0.00–2.60) 1.81 ± 0.58e 1.80 (0.00–2.20) 1.56 ± 0.66e

HCT (%) 1st day 42.90 (36.50–49.60) 43.06 ± 3.35a 42.75 (29.20–51.80) 42.31 ± 5.25a

7th day 29.70 (24.20–37.20) 30.04 ± 3.17b 29.05 (19.00–35.20) 28.41 ± 3.68b

14th day 18.40 (14.50–24.20) 18.85 ± 2.56c 18.05 (11.40–22.20) 17.67 ± 2.45c

21st day 10.70 (8.00–14.50) 10.92 ± 1.86d 10.40 (6.30–12.90) 10.11 ± 1.5 2d

28th day 5.70 (4.00–8.00) 5.79 ± 1.21e 5.50 (3.10–6.80) 5.28 ± 0.88e

MCV (fL) 1st day 79.30 (56.90–89.10) 77.77 ± 9.00a 84.00 (55.80–89.40) 80.74 ± 9.05a

7th day 54.30 (42.70–66.00) 54.19 ± 7.24b 56.4 (37.90–60.80) 54.18 ± 6.19b

14th day 34.30 (25.00–42.90) 34.03 ± 5.35c 34.65 (23.00–38.30) 33.82 ± 4.09c

21st day 18.90 (13.30–25.70) 19.71 ± 3.67d 19.95 (12.70–22.20) 19.35 ± 2.53d

28th day 9.40 (6.40–14.20) 10.44 ± 2.32e 10.55 (6.30–11.80) 10.09 ± 1.48e

MCH (pg) 1st day 6.70 (5.20–8.60) 6.69 ± 1.00a 7.05 (4.50–10.80) 7.09 ± 1.24a

7th day 4.70 (3.50–5.80) 4.66 ± 0.70b 4.60 (2.90–6.70) 4.68 ± 0.79b

14th day 2.90 (2.10–3.80) 2.94 ± 0.49c 2.90 (1.70–4.20) 2.96 ± 0.55c

21st day 1.70 (1.20–2.30) 1.71 ± 0.32d 1.70 (0.90–2.40) 1.69 ± 0.33d

28th day 0.90 (0.60–1.30) 0.90 ± 0.21e 0.90 (0.50–1.30) 0.89 ± 0.19e

MCHC (g/dl) 1st day 32.40 (27.30–35.40) 32.49 ± 1.84a 32.85 (28.90–45.20) 33.51 ± 2.65a

7th day 22.80 (17.70–26.60) 22.66 ± 2.11b 22.25 (19.70–30.70) 22.49 ± 1.87b

14th day 13.80 (10.60–17.30) 14.24 ± 1.77c 13.95 (12.00–19.40) 13.99 ± 1.30c

21st day 7.90 (5.80–10.40) 8.25 ± 1.32d 8.10 (6.60–11.30) 8.00 ± 0.87d

28th day 4.20 (2.90–5.70) 4.36 ± 0.88e 4.30 (3.30–6.00) 4.18 ± 0.53e

Note: Different notations in superscript letters mean significant difference (p< 0.05).
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Figure 2 The presence of Plasmodium spp. identified using Giemsa stain on day 1, 7 and 14. (A) Several ring form of Plasmodium falciparum characteristic by acole form 
from day 1; (B) Amoeboid form of Plasmodium vivax from day 7; (C) Viable trophozoite of Plasmodium falciparum characteristic by ring form with tick cytoplasm and Maurer’s 
dot from day 14; (D) On day 21 no parasite was found. All the parasites show normal morphology characterized by regular nucleus, normal cytoplasmic volume and no halo 
formation representing live parasite.

Figure 1 Species of Plasmodium identified using Giemsa stain on the day of blood collection. (A) Plasmodium vivax; (B) Plasmodium falciparum; (C) Plasmodium ovale; (D) mix 
infection (Plasmodium falciparum and Plasmodium vivax) were identified in donor blood samples. All the parasites show normal morphology characterized by regular ring form, 
normal volume of cytoplasm and no halo formation both in trophozoite and gametocyte stages.
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between the two groups (Figure 7). Mann–Whitney test 
showed the p-value from the first day was 0.178, the 
seventh day was 0.942, the fourteenth day was 0.920, the 
twenty-first day was 0.792 and, the twenty-eighth day was 
0.566, respectively. However, based on statistics, there was 
a difference in the average level of MCV in serial observa
tions of both groups (all p value = 0.000, Friedman test 
and post-hoc Wilcoxon test).

Figure 8 shows, from all days of observation, the MCH 
of erythrocytes from donor blood containing Plasmodium 
spp., and those that did not contain Plasmodium spp. were 
not different. Statistical analysis using Independent T-test 
showed on the first day p= 0.211; on seventh day p= 0.935, 
on fourteenth day p= 0.881, on twenty-first day p= 0.814; 
and on twenty-eighth day p= 0.858. However, based on the 
Repeated ANOVA test and post-hoc Paired Wise 

Figure 3 The number of positive samples in blood smears preparations from day 1 until day 28. The presence of parasites was reduced through the day observations.

Figure 4 The number of red blood cells (RBCs) based on days of observation. In serial day observations, there was no significant difference in the decrease of number of 
RBCs between donor blood containing Plasmodium spp. and those of donor blood that did not contain Plasmodium spp. (p> 0.05; Independent T-test). However, the means of 
RBCs number through the day observations were reduced significantly with all p value = 0.000; Repeated ANOVA test and post-hoc Paired Wise Comparison test) in both 
groups. Different notations mean significant difference (p< 0.05).
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Figure 5 The level hemoglobin (Hb) levels based on day of observation. The decrease in the level of hemoglobin in donor blood containing Plasmodium spp. compared to 
that of donor blood did not contain Plasmodium spp. was not significantly different (p value > 0.05 Independent T-test). However, statistical results showed that there was 
a significant difference in the Hb profile at the five-day observation (p value <0.000, Friedman test and post-hoc Wilcoxon test) between the two groups. Different notations 
mean significant difference (p< 0.05).

Figure 6 The percentage of Hematocrit (HCT) based on days of observation. Decreases in the percentage of hematocrit in donor blood containing Plasmodium spp. was not 
significantly different to those of donor blood that did not contain Plasmodium spp. (p> 0.05; Independent T-test). Among day observations, the level of hematocrit 
percentage were significantly different (all p value= 0.000, Repeated ANOVA test and post-hoc Paired Wise Comparison test) both in two groups. Different notations mean 
significant difference (p< 0.05).
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Figure 7 The level of Mean Corpuscular Volume (MCV) based on day of observation. The average level of MCV in donor blood containing Plasmodium spp. showed no 
significant difference compared to those in donor blood that did not contain Plasmodium spp. (p> 0.05; Mann–Whitney test). However, observation carried out from the 
first day to the twenty-eighth day of storage of level MCV showed a significant difference (all p value= 0.000, Friedman test and post-hoc Wilcoxon test) both in two groups. 
Different notations mean significant difference (p< 0.05).

Figure 8 The level of Mean Corpuscular Hemoglobin (MCH) based on days of observation. The MCH of erythrocytes from donor blood containing Plasmodium spp. 
and those did not containing Plasmodium spp. was not different (all p value > 0.05; Independent T-test), but analysis on the level of MCH based on storage time 
showed a significant difference (all p value < 0.05; Repeated ANOVA test and post-hoc Paired Wise Comparison test) both in two groups. Different notations mean 
significant difference (p< 0.05).
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Comparison test, there was a difference in the average 
level of MCH based on storage time (7th day lower than 
those at 1st day, 14th day lower than those at 7th day, 
21st day lower than those at 14th day, 28th day lower than 
those at 21st day).

The decrease of the MCHC levels from donor blood 
that did not contain Plasmodium spp. was not different 
from those in donor blood that contained Plasmodium spp. 
(Figure 9). However, in the twenty-first day to twenty- 
eighth day examination, the decrease in the MCHC level 
of this group was very rapid, using Mann–Whitney test 
there were no significant differences in the results (the 
first day, p= 0.229; seventh day, p= 0.477; 
fourteenth day, p= 0.548; twenty-first day, p= 0.449; 
twenty-eighth day, p= 0.499). Statistical analysis showed 
MCHC levels were different based on longer storage, 
7th day was lower than at 1st day, 14th day was lower 
than the 7th day, 21st day was lower than the 14th day, 
28th day was lower than the 21st day (all p value = 0.000, 
Friedman test and post-hoc Wilcoxon test).

Discussion
Banjar Regency and Tanah Laut Regency are parts of 
malaria-endemic districts in South Kalimantan Province 

(Routine Data from the Malaria Sub Directorate, Ministry 
of Health, Republic of Indonesia, 2017).8 However, malaria 
screening through microscopic examination and RDT has 
never been carried out during donor blood activities.

Donors who had a history of suffering from malaria but 
during donation activities showed no symptoms of malaria 
and met the criteria as a donor were allowed to donate 
blood. This might be the possible causes of malaria trans
mission through blood transfusions because although they 
felt healthy, their blood still had a risk to harbor 
Plasmodium parasites.

In this study, some of Plasmodium spp. was still found 
in RBCs until 14 days of storage. A Previous study 
revealed that cold storage of RBCs was able to support 
the growth of P. falciparum. The study also showed 
a decrease in the number of blood smear slides containing 
Plasmodium spp. during the sequential days of observa
tion. It was assumed that the parasites have the capability 
to survive with minimal energy sources, such as in blood 
in the transfusion bags containing anticoagulant and stored 
at a certain temperature for many days. The limitation of 
cold storage environment might affect the parasite growth 
because some parasites are more likely to infect young 
RBCs.9 In the early days, Plasmodium in the blood may be 

Figure 9 The levels of Mean Corpuscular Hemoglobin Concentration (MCHC) based on days of observation. There was no difference in the reduction of MCHC levels in 
donor blood containing Plasmodium spp. and those in donor blood that did not contain Plasmodiumspp. However, levels of MCHC based on storage time showed significant 
difference (all p value < 0.05, Repeated ANOVA test and post-hoc Wilcoxon test). Different notations mean significant difference (p<0.05).
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arrested for replication in terms of cold storage but after 
that, it was very likely it will die and disappear because of 
the microenvironment that did not support it. The survival 
mechanism of Plasmodium in infected donor blood during 
14 days storage might be closely related to the regulation 
of the redox system by the Plasmodium through perform
ing a new permeation pathway to obtain nutrient, anti- 
oxidant, and glucose from outside. However, it might be 
possible that Plasmodium is trying to maintain its viability 
in RBCs, a condition that later is suspected of potentially 
transmitting malaria.10

The profile of erythrocytes and the presence of para
sites change starting at the first day of storage and 
decreased based on observation on the following day. 
Various factors cause a decrease in the level of erythrocyte 
profile parameters of the blood donor during storage times. 
According to Gregory et al, 2018, in addition to the 
decreased RBCs count, the leukocytes, the neutrophils, 
and lymphocytes count also decreased significantly 
(p<0.05). During storage, there will be biochemical 
changes, biomechanical damage and immunological reac
tions occur and cause hemolysis.11,12

Cooling stimulates the formation of sodium and the 
release of potassium so that there is a buildup of sodium 
and a decrease of potassium in RBCs. The mechanism of 
hemolysis begins with the metabolism of glucose into 
lactate with minimal energy sources, causing a decrease 
in the pH. The RBCs surface becomes fragile and par
tially destroyed (lysis). The concentration of hemoglobin 
in the plasma increases while the Adenosine Tri 
Phosphate (ATP) concentration and 2,3 
Diphosphoglycerides (2,3 DPG) levels decrease progres
sively. Erythrocytes (RBCs) lose their ability to synthe
size amino acids and red blood cell fatty acids,13 

hemoglobin (Hb) is released directly into the liquid, 
causing the loss of lipid-containing micro-vesicles into 
the plasma,14 and making hemoglobin levels low.15 In 
fact, hemoglobin serves as the main source of nutrients 
in the form of amino acids for Plasmodium spp. in 
maintaining its survival, especially in hypotonic 
solutions.16

Transfused blood storage is usually done for up to 35 
days, depending on the anticoagulant used.4 According to 
observation in this study, we recommend donor blood is 
not feasible to be given to the recipient after the 21st day 
of storage. However, a number of factors influence this 
event, including the storage temperature, the length of 

transportation (ie, when moving places from blood banks 
to laboratories), and the kind of anticoagulant.

During storage, ionized calcium levels increase causes 
blood to clot quickly. Anticoagulants in blood transfusions 
will slow the occurrence of storage lesions. The anticoagu
lant that is often used in transfusion is Citrate Phosphate 
Dextrose Adenine 1 (CPDA 1). The components in CPDA 
1 (citrate, phosphate, dextrose, and adenine) are formulated 
to maintain the viability of blood cells and to minimize 
storage lesions that can happen because the mechanism of 
hemopoiesis does not occur outside the body.17,18

Citrate will work by inhibiting the activation of coagu
lation by binding to the calcium in the transfused blood, 
preventing cascade coagulation activation by inducing 
local hypocalcaemia.19,20 The calcium content of the 
donor most probably gives a part of the explanation for 
this interesting observation. It is thought that citrate func
tioned as an antioxidant, but in research by Erman et.al, 
(2016), citrate does not have a direct effect on oxidative 
stress.21 Citrate promotes and exacerbates the formation of 
ROS caused by the formation of hydrogen peroxide in 
cells.22

Similarly, organic phosphate works by maintaining 
levels of 2,3 DPG so that the production of ATP as an 
energy source continues and blood cell viability is main
tained, resulting in blood cell damage go slow.23 Dextrose 
is useful as an additional source of energy for blood cells 
during storage, which allows RBCs to be able to carry out 
glycolysis so that ATP is produced. Glycolysis can be 
slowed down by storing transfused blood at temperatures 
of 2–4°C, while adenine will save the use of other sub
strates needed during ATP synthesis.19 The buffer function 
in anticoagulants can overcome the decrease in hydrogen 
levels due to temperatures that are too cold so that the pH 
is maintained.24,25

In blood donors, whole blood and plasma, when stored 
at −4°C, Plasmodium spp. was found to survive up to 18 
days, and detectable parasites can present even up to 28 
days when frozen.16 This study has shown the RBCs count 
from donor blood both containing or did not contain 
Plasmodium spp. decreased on the first day until the 
21st day of examination and was not a significant differ
ence between them in all day observation. This shows that 
there is damage to RBCs that immediately occur when 
outside the blood vessels. These changes result in hemo
lysis resulting in nitric oxide [NO] reduced bioactivity due 
to scavenging, morphological changes, accumulation of 
lactic acid and potassium/calcium, a decrease in 2,3-DPG 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

Journal of Blood Medicine 2021:12 96

Al Audhah et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


and ATP, decrease in pH and glycolysis rate, and an 
accumulation of shed bioactive proteins, lipids, and RBC- 
derived micro-particles or micro-vesicles.26 

Anticoagulants and storing in hypothermic conditions are 
expected to slow down cell metabolism, so biochemical 
reactions and accumulation of the remaining metabolism 
do not cause blood cell death. It is suspected that 
Plasmodium spp. maintains its host cell (RBCs) so that it 
does not quickly damage (lysis)27 possibly by regulating 
its redox system.

Unlike the case with RBCs that are not infected with 
Plasmodium spp. oxidative stress in infected RBCs 
increases when outside the lumen of the blood vessels 
resulting in their eventual damage by hemolysis.28 

However, the infected RBCs increase more in their perme
ability to obtain substantial low-molecular-weight solutes 
(glucose, anti-oxidant compared to the uninfected 
erythrocyte.29,30 The forming of new permeation pathways 
(NPP), an increase in permeability can be attributed to 
a single type of permeation pathway with characteristics 
quite distinct from those of the host.31,32 A channel on the 
parasitophorous vacuole membrane (PVM) has been 
described33,34 and projections from the PVM, called the 
tubulo-vesicular membrane network (TVM), have been 
implicated in the acquisition of nutrients.34,35 These 
mechanisms proposed a direct connection of the 
Plasmodium spp. to the plasma during prolonged storage.

Erythrocyte (RBCs) contains a conjugate protein 
derived from hemoglobin. The main function of hemoglo
bin is to bind and release oxygen and carbon dioxide. 
Plasmodium spp. in the intraerythrocytic stage will digest 
the host cell cytosol which has a large amount of hemo
globin. This hemoglobin is the main generator of ROS.25 

The functional role of red blood cells (RBCs) is the trans
port of oxygen from the lungs to the tissues providing the 
oxygen required by all cells and tissues. Hemoglobin (Hb) 
accounts for 95–97% of the cytosolic proteins inside the 
RBC, and bind to oxygen reversibly. Extracellular hemo
globin can be a major source of oxidative stress. Under 
normal conditions, this potential source of oxidative stress 
is minimized by haptoglobin and hemopexin, which bind 
Hb and free heme, respectively. They inhibit the oxidative 
reactions of Hb and heme and facilitate their removal from 
circulation. Elevated levels of free extracellular Hb and 
heme are caused by the failure of neutralized reaction by 
hap- to globin and hemopexin.36

Hemoglobin is a source of energy for Plasmodium 
spp., whereas as long as blood transfusions are stored, 

there is no formation of hemoglobin even though antic
oagulants have been given. Hemolysis that occurs during 
storage causes the release of hemoglobin directly into the 
liquid through lipid-containing micro-vesicles, resulting in 
lost hemoglobin from intact RBCs entering the plasma 
supernatant.26 In this study, hemoglobin levels from trans
fused blood containing Plasmodium spp. decreased from 
the first day, although the results of data analysis did not 
show differences between hemoglobin levels from trans
fused blood containing Plasmodium spp. and those from 
transfused blood that did not contain Plasmodium spp.

Hematocrit is the ratio of the number of RBCs to blood 
volume in percent units that shows the density of the blood 
with the amount of oxygen it carries. A decrease in hematocrit 
levels indicates that the invasion and rupture of red blood cells 
are more influential than the hemoglobin value as indicated by 
an increase in MCHC levels.37 The results showed that there 
was a significant difference between the storage time and 
blood temperature of the donors on the hematocrit levels, 
although there was no significant difference between the 
hematocrit levels in the blood of infected and non-infected 
donors.

From the data of Figures 7-9, it could be assumed that 
there was a change of osmotic fragility of RBCs from 
transfused blood containing Plasmodium spp. and that 
which did not contain Plasmodium spp. Osmotic fragility 
begins with changes in the size of RBCs which can be 
seen from the erythrocyte index, containing MCV levels, 
MCH levels, and MCHC levels.38−42 This shows that 
RBCs damage starts from the ability of the RBCs mem
brane and its ligands. Blood cells that come out of the 
vascular system and undergo the storage process release 
phospholipids from the hematocrit RBCs, and cause osmo
tic damage to form schistocytes and speroecinocytes. 
Finally, most RBCs are increased osmotic fragility.38–40

This study requires further exploration to see the effect 
of Plasmodium invasion on the viability of red blood cells 
or vice versa. From this study, it was suspected that there 
was a Plasmodium defense mechanism to keep the survi
val of erythrocyte through redox balance. A research using 
Plasmodium subculture method and analyzing of redox 
status in infected erythrocytes would answer the question 
about both the mechanism of erythrocytes and parasite 
viability during transfusion storage.

Conclusions
From this study, there is no significant difference in the 
profiles of erythrocytes between donor blood that is infected 
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by Plasmodium spp. and that which is not infected. This 
observational study showed that there were trends in signifi
cantly reducing all parameters of erythrocyte profile in the 
bags of donor blood relevant to the duration of storage, as 
well as the presence of malaria parasites in the blood. The 
transfusion transmission of the malaria parasite will still 
potentially occur as long as the erythrocytes are still viable.
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