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Recent advances on the development of a universal blood type

Esteban Guamba*, Alejandra Cevallos

Abstract: Blood transfusion is the most common form of tissue transplant, and correct blood type matching is decisive for the 
success of this procedure. However, the availability of different blood types depends on each population, leading to a shortage of 
blood units from uncommon types. Then, it represents a problem for patients who need a blood transfusion because the supply 
for their blood type is scarce. Fortunately, researchers have been developing different techniques to engineer universal red blood 
cells (RBC) that could be transplanted to any human being independent of its blood type. This paper details the main features 
of blood transfusion and red blood cells maintenance and the two more recent procedures used to produce universal RBCs, the 
Enzymatically Converted Group O (ECO) and the antigen masking methods.

Key words: Blood, transfusion, red blood cells, antigen, antibody, universal RBC, immunity.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
One of the current issues in medicine is blood transfusion, 

it is the most common form of tissue transplant, and blood 
type matching is the most challenging point to achieve1. Besi-
des, an incorrect blood transfusion may induce a severe immu-
ne response. If the blood given during a transfusion is incom-
patible, the donor cells are treated as foreign, and the immune 
system attacks2. Nowadays, several patients in hospitals are 
waiting for the availability of blood units. Therefore, it is essen-
tial to develop a new generation of blood transfusion systems 
to overcome the current issues on blood transplants. The most 
determinant solution is to develop a universal blood type.

Alloimmunity refers to the immune response against 
non-self-antigens from members of the same species. It re-
presents an obstacle for blood transfusions because different 
blood types provoke immune responses in the host. Blood 
transfusions may induce two reactions, immunosuppression 
and immune activation3. To overcome this, scientists worldwi-
de are working to develop a universal blood type to overco-
me the current problems on immunity. Some researchers, as 
Yueqi Zhao1 et al., have modified the surface of RBCs, covering 
them with a hydrogel framework to "hide" their antigens and 
therefore prevent an immune response.

One of the antigens to produce alloimmunity is the Rhes-
us D factor (RhD), a protein found on the erythrocyte's surface 
and considered one of the main immunogenic antigens on red 
blood cells1. Moreover, the RhD protein is part of the Rh group, 
the second most important blood group system, after the 
ABO blood group. Consequently, the variety of blood groups 
leads to an unequal supply of RBCs units, which becomes wor-
se for those uncommon blood groups as AB-. Since then, an 
increasing need for the positive-to-negative transition of the 
RhD antigen has emerged to make blood transfusions more 
successful.

Blood: Definition and Components
Blood accounts for about 8 to 10% of each person's body 

mass4. Throughout its path, it satisfies several functions such 
as: mainly transporting oxygen and nutrients, it protects the 
body due to the leukocytes present in it, keeping the body's 
water and body temperature in balance, and it also collects 
the residues to then be deleted4,5. Blood is composed of parts, 
mostly the liquid part called plasma, approximately 55% of 
the total blood, and it is much thicker than water and has a 
yellowish tone. The remaining percentage is 45%, and it is dis-
tributed in different blood cells such as red blood cells, which 
are the most numerous in the blood. RBCs represent approxi-
mately 43%, and the other remaining part is white blood cells 
and platelets by 2%5,6.

Blood Types
There are four blood types, and they are classified ac-

cording to the antigens they possess (AB0 system). But in 
addition to this classification, blood possesses another critical 
factor for determining its type, the Rh factor. The antigens are 
present on the surface of the RBCs, and there are two types, 
A and B4,6. Moreover, two types of antibodies react with the 
proteins present on the RBCs, the Anti-A and Anti-B6. On the 
other hand, we have the Rh factor, this hereditary protein is 
also found on the surface of the RBCs5, and its classification 
is general; it is positive if it possesses the protein and negative 
if it does not have. These two types of classifications are the 
most common in terms of blood types, and those are the ones 
we will go aboard in this paper.

Type A
This group has the presence of antigen A in its red blood 

cells. Also, the presence of the Anti-B antibody is observed in 
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its plasma (Figure 2), which means that it cannot get the blood 
of any other blood type6. Since your blood contains marker A; 
it will produce B antibodies. If some problem B markers enter 
your body (these markers are found in the AB or B blood), your 
immune system will react against them and attack them. This 
means you can only get transfusions from people who have 
type A or O blood, not people with type B or AB blood6.

Type B
This blood group has antigen B in its red blood cells, and 

the presence of the Anti-A antibody is observed in its plasma 
(Figure 2)7. If your blood contains marker B, it will produce anti-
bodies A. Therefore, as a person with type B blood, you can only 
receive transfusions from people who have type B or O blood 
(universal donor), not from people with type A or AB blood, be-
cause if another type of marker enters your body, your immune 
system will attack and there would be problems7.

Type AB
The AB group has the presence of the two antigens in 

their red blood cells, both A and B, and it has no antibodies in 
its plasma (Figure 2). This means that it can receive blood from 
almost all blood types8. In the case of blood type AB, things are 
a bit different. If you have both markers A and B on the surface 
of your red blood cells, your body won't need to fight the pre-
sence of either marker. This implies that people with AB blood 
can receive transfusions from A, B, AB or O blood. However, it 
also depended on the Rh factor of each one7,8. 

Type O
It is the universal donor, as its blood type is compatible 

with almost all other types. It is possible because they do not 
possess any antigens from the AB0 system. However, Anti-A 
and Anti-B antibodies are observed in their plasma (Figure 
2)6,8. However, if you have O-type blood, your red blood cells do 
not contain A-markers or B-markers, but your body will react 
by making A and B antibodies when you are given A, B, or AB 
blood. This means that a person with blood O can only receive 
transfusions of the same blood type8.

Rh Factor

Type Rh positive
Rhesus factor, commonly known as the RH factor for its 

acronym, is a protein or antigen inherited from parents and 
occurs in the red blood cells of certain people. Rh+ are the 
individuals who present this protein in their erythrocytes. 
About 85% of people have this protein4. As shown in Figure 3, 
the illustration shows that the general population maintains 
an Rh+; however, a small population maintains an Rh-, so it is 
important to perform tests for this factor if you plan a preg-
nancy4.

Type Rh-negative
The Rh– people do not present the protein in their red 

blood cells; the figures are very low for this protein. Only about 
15% of the world's population possesses this protein (Figure 
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Figure 1. Blood cells composition inside a blood vessel. Inside a blood vessel, there are different types of cells such as the RBCs 
and immune cells like monocytes, plasma cells, macrophages, neutrophils, white blood lymphocytes, and T-Lymphocytes. In 
addition to some others, these different types of cells help the circulatory system avoid infections and distribute all the nu-
trients and molecules the body needs. 
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3)5. However, the lack of this protein is not a disease, and it 
usually does not affect a person's health6. RH- is not a disease, 
but it does affect pregnancy. Pregnancy needs special care if 
the baby inherits the Rh factor different from that of its mother 
because it can be inherited from either parent. Rh incompa-
tibility is generated if they are Rh-negative and their baby is 
Rh-positive, and they need special treatment6.

Obtaining Blood Sample
The process starts with the blood collection directly from 

the bloodstream to go into a well-labeled container with a 
pre-measured anticoagulant. Moreover, the addition of an an-
ticoagulant avoids the agglutination of the blood and prevents 
the RBCs from undergoing hemolysis. There are different pre-
servative solutions for maintaining RBC units: acid citrate dex-

trose (ACD), citrate phosphate dextrose (CPD), or CPD-adeni-
ne. Different solutions such as anticoagulants and nutrients 
help RBCs store and transport, enabling modern blood ban-
king9. Also, between the most common anticoagulant solu-
tions, we found Citrate–phosphate–dextrose (CPD), which is a 
key for blood preservation10. However, many others novel sto-
rage solutions allow the conservation of RBCs for much more 
time, such as SAG-Mannitol or AS-1.

The influence of ATP over the RBCs also has to be consi-
dered to keep them in efficient conditions. Since these cells do 
not have mitochondria, they rely on ATP from the medium as 
an energy source. Significantly, when ATP has been suppres-
sed, some characteristics of the RBCs are compromised. Ac-
cording to research, during RBCs storage, adenosine triphos-
phate (ATP) decreases, modifying membrane lipid content and 
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Figure 2. Illustration of the different blood groups of the ABO system. We can see the blood types A, B, AB, and O with their 
antigens and correspondent antibodies. In the first case, type A has a marker A, and it will produce B antibodies. In the second 
case, type B has a marker B, it will produce A antibodies- In the third case, type AB has markers A and B, it will not produce 
antibodies. And the last case, type O has no markers but will produce antigens A and B. 

Figure 3. Rh factor, statistics. * Data obtained from OMS4. and Dean L6. In this figure, we see global statistics obtained from 
several studies about these factors. The illustration shows that Rh+ is the most common factor found in the world population. 
However, Rh- remains present in a small part of the population, and although it is not a disease, it can generate incompatibility 
in a pregnancy if the parents have different Rh factors.
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cell rigidity that results in shape changes11. The pH also chan-
ges during the RBCs storage, and the production of lactic acid 
mainly causes this due to ATP metabolism. So then, proper 
RBC storage relies on the correct control of the ATP levels.

RBCs Preservation
The storage and maintenance of RBCs units require pre-

cise control for some factors such as temperature, osmotic 
pressure, and pH. When RBCs are stored, they deteriorate, 
compromising their metabolic, morphologic, and membra-
nous characteristics. The elements that are mainly altered are 
the hemoglobin, potassium concentration, supernatant, and a 
loss of discoid shape and lipid membrane vesicles12. Moreover, 
RBCs units can be stored for up to 42 days. However, its ability 
to deliver oxygen decreases on time due to decreased 2,3-di-
phsophoglycerate levels13. Temperature, for instance, has been 
demonstrated to modify the live time of RBCs during storage. 
The best-used technique for their preservation is cryogenics. 
Nevertheless, even low temperatures of 4°C ± 2°C help to the 
viability of RBCs and protect them from bacterial growth3.

The osmotic pressure is another crucial factor for the 
maintenance of RBCs. If modified, RBCs undergo hemolysis 
by breaking their lipid membrane because of the different 
gradient concentrations. To avoid that, cells have to be under 
isotonic conditions (0.9% NaCl) in which the outside and the 
inner osmotic pressure are the same. One of the leading iso-
tonic preservative solutions used for RBCs storage is EDTA. 
However, using this solution for blood unit preservation produ-
ces changes in erythrocyte morphology and osmotic fragility14. 
Fortunately, AS-3 is another preservative solution that works 
better. Recent research showed that using AS-3 as the storage 
solution for 6 weeks allowed the recovery of 78–84% of the 
RBCs, and only 0.4% of hemolysis were detected9.

RBCs maintenance also depends on the pH concentration. 
Cells keep producing metabolites such as Lactate and CO2 
during blood storage, acidic molecules. The accumulation of 
those acidic compounds during storage results in a decrease 
of pH levels, and when it drops below 6.4, the deterioration 
of RBCs occurs faster. Moreover, the main consequences of a 

low pH are the cessation of glycolysis and the change in ATP 
and 2,3-DPG levels12. While according to the literature, the 
optimum pH for glycolysis is high (7,8-8,5) when the tempe-
rature is between 15°C and 35°C15. Therefore, changes in pH 
during prolonged storage time can result in RBCs damage. 
Fortunately, when RBCs are stored at low temperatures, their 
metabolism slows down, allowing the pH to stay at optimum 
concentrations for a longer time.

Blood Transfusion
Blood transfusion is a medical procedure in which a pa-

tient or receptor obtains blood or any of its components from 
the donor's blood4. Blood transfusions provide the patient with 
the components of the blood they need, and RBCs are the 
most commonly used7. A person may need a blood transfusion 
for several reasons, such as surgeries, injuries, replenishing 
blood volume, correct serum protein levels, and improved he-
moglobin and oxygen-carrying capacity16.

To start a blood transfusion, it is essential to know the 
type of blood the patient has (AB0 system) and whether the Rh 
factor is positive or negative. This is because the donor's blood 
has to be compatible with the patient's to avoid an immune 
response. After checking all the data, the temperature of the 
blood bag is checked, and if the blood is icy, it is necessary to 
wait a few minutes for it to be at room temperature6. Trans-
fusion in high volumes when blood is cold can cause cardiac 
arrest16. In most cases, it is not necessary to heat the blood to 
be transferred. However, suppose blood needs to be heated. In 
that case, it can be heated to temperatures of approximately 
35 to 38 °C and being careful not to exceed over 42 °C17.This is 
mainly because of the viability of the blood unit when blood is 
exposed to temperatures above 42 °C hemolysis can occur10. 
Also, blood cannot be returned to the blood bank for reuse af-
ter some warming process. Once the temperature of the blood 
bag is checked, it is perforated with a blood filter, purged, and 
deposited in a bath. Furthermore, finally, blood is placed throu-
gh the intravenous18. It is necessary to monitor the patient for 
a few minutes to find any problems or reactions.

Transfusions can last approximately 1 to 3 hours18, but 

Figure 4. Blood groups statistics. * Data obtained from OMS4. and Dean L.6. We can observe that the most common blood group 
in the world is 0+, followed by A+. Furthermore, it can be observed that the less common blood group is AB-, followed by B-. 
The predominance of a blood type also varies depending on the countries or continents we are located in.
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should not last more than 4 hours because there are dangers 
of bacterial proliferation10, when blood increases its tempera-
ture by staying at room temperature. According to McCullough 
(2017): "For routine transfusion to stable patients' rates of 2–3 
mL/mn for red cells and 7–10 mL/mn for platelets and plasma 
are recommended"10. 

Blood Transfusion Issues
Blood transfusions usually do not have adverse effects 

but sometimes have different effects depending on the patient 
(transfusion reactions). Several reactions may be due to sto-
rage, transportation, or administration of blood units. These 
reactions are very varied and can be fatal or straightforward. 
The most common are mentioned below8. One transfusion 
reaction can be incompatible blood: When the donor's blood 
is not compatible with the patient's. The patient's cells treat 
the donor's blood as foreign invaders, and the immune system 
attacks accordingly6. Another can be allergic reactions: These 
can cause by fever, itching, and hives19.

The most common problems in transfusions are mainly 
in massive transfusions. Since these transfusions replace the 
total volume of the patient's blood, these transfusions invol-
ve problems such as cardiac arrest10, coagulation, hypother-
mia19. On the other hand, another frequent problem is Trans-
fusion-related acute lung injury (TRALI), an acute respiratory 
distress syndrome8.

Transfusion-related infections: Many protocols are now 
followed to prevent these infections; however, few occur. The-
se infections can be bacterial or viral. In the case of bacterial 
contamination, these are often rare. For example, this can oc-
cur if an asymptomatic donor has bacterial contamination at 
the time of blood donation or venous puncture17. In contrast, 
the viral infection. They are unusual; nevertheless, if they con-
tract, they can provoke: Hepatitis A, hepatitis B, which occurs 
in approximately 1 in 100 000 cases. Hepatitis C occurs in less 
than 1 in 1 000 000 cases16. And HIV occurs in less than 1 in 
4 000 000 cases17. There are many other adverse effects, but 
those mentioned above are the most common.

Recent RBCs Modification Methods
The fatalities related to Blood transfusion, discarding 

those due to disease transmission, have been estimated to 
happen once in 100,000 patients. The most common reason 
is hemolytic reactions due to incorrect blood type matching10. 
As there are many immunogenic antigens on RBCs and blood 
transfusions that rely on the removal of these to succeed, new 
methods have emerged to avoid an immune response when 
blood transfusion is performed. The objective of these novel 
methods is to produce non-immunogenic RBC; therefore, the-
se blood units can be used as a source of universal RBCs for 
blood transfusions. In this way, the primary goal of modified 
RBCs is to elicit neither an immediate nor a secondary immune 
response when a transfusion is accomplished20. Furthermore, 
in clinical application, these techniques would establish an en-
tirely new way to treat many chronic diseases with a need for a 
rare blood type supply. So the entire blood banking system de-
dicated to blood collection, distribution, and transfusion, which 
is focused on the ABO group, can be entirely revolutionized by 
the success of any RBCs modification techniques that we de-
tail next.

Besides, it has been calculated that around 100 million 
units of blood are donated each year; however, the indications 
for RBC transfusion and the suitable time of storage before 
transfusion are still uncertain13. Blood banks have to collect 

and store all blood types, even the most common ones, which 
spend more time saved than the uncommon ones. This can re-
sult in non-viable RBCs. However, the two main general proce-
dures can be used to create a universal RBC; these techniques 
can potentially overcome the previously mentioned issues. The 
first way is by permanently removing the RBC antigens ancho-
red to their surface, and the other way is by hiding their anti-
gens so that the immune system cannot detect them21. These 
two methods have been explored over the years, and we detail 
these two recent and promising RBC surface modification te-
chniques.

Enzymatically Converted Group O (Eco)
The first modification technique is then enzymatically 

converted group O (ECO), which removes the antigens from 
the RBCs surface. The main feature of this method is the use 
of an α-galactosidase enzyme, capable of removing the im-
munodominant part from the A and B antigens, which are the 
main characteristics of the A and B blood type respectively. 
For blood type A, its immunodominant monosaccharide is a 
terminal a1-3 linked N-acetylgalactosamine (GalNAc), and for 
type B, its monosaccharide is a1-3 linked galactose (Gal)22. As 
the blood group O does not have these monosaccharides on 
their oligosaccharide terminal chains. Therefore, the ECO te-
chnique enables A and B blood groups to be converted into O 
types. Although this method can produce the universal blood 
type donor O, it has faced some obstacles to succeed in clinical 
practice because of the low efficacy of the enzyme.

Nevertheless, new research shows that more efficient gly-
cosidase enzymes present in bacteria. The first approach for 
the conversion of type B RBCs to O was by using an α-galac-
tosidase enzyme, which can be extracted from coffee beans22. 
For this enzyme, many studies have been carried out. However, 
it was hard to move into the clinical application, mainly becau-
se it showed low kinetic properties. Fortunately, entirely new 
families of bacterial exo-glycosidases have been found, and 
they show better kinetic properties to remove A and B anti-
gens from RBCs23. Moreover, new clinical trials are now being 
performed to prove the efficacy of this new family of enzymes 
for further developing a universal blood type.

The most relevant benefit of ECO technology on transfu-
sion medicine is eliminating hemolytic reactions due to ABO-in-
compatible transfusion. The technique reduces the RBC units' 
typing costs, avoids the unnecessary storage of common blood 
types, increases the availability of rare blood types units in 
blood banks, creates a universally compatible RBC, and saves 
hospital money for an inventory of blood units23.

RBC Antigen Masking
Unlike ECO which converts different blood groups into 

O type, the second method attempts to camouflage or mask 
the antigens from the RBC surface. RBCs undergo a surface 
modification procedure, where these cells are treated with the 
polyether polymer  PEG or other substances such as hydrogels 
and polymers. These compounds are chemically anchored to 
RBC surface proteins through various liking procedures. Also, 
this method results in stealth RBCs, which allows them to 
pass unseen from the immune system, disabling antigen-an-
tibody reactions and alloimmunization to additional antigens21. 
Therefore, one of the main goals of this modification technique 
is to obtain healthy RBCs capable of typically performing their 
metabolic processes as oxygen transfer and nutrient trans-
port.  

PEG in transfusion medicine has become a key tool to 
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avoid immune responses, and PEGylation is the process by 
which PEG is linked to other molecules. This procedure im-
proves the pharmacokinetic behavior of many substances 
because it avoids recognition by the cells of the immune sys-
tem, allowing the introduction of several agents into the hu-
man body24. Between the most used substances for the PEG-
RBC linking, we found: cyanuric chloride (CN), ethylene glycol 
(CH2OH)2, propionic acid (SPA), and benzyltriazobyl carbonate 
(BTC)25. Moreover, the research of PEGylated RBCs becomes 
more reliable since 4 groups of research showed that if PEG is 
covalently attached to the RBC surface, these cells are not ca-
pable of reacting with antigens ABO group25. As a result, PEG-
RBC linking is one of the most valuable procedures to stealth 
RBCs towards developing a universal blood type.

Nevertheless, this method may carry some complications 
and cell changes. For example, some biomimetic molecules 
such as polydopamine (PDA) can shield RBCs. However, this 
treatment produces noticeable changes in membrane fluidi-
ty, which leads to increased cell fragility1. RBCs depend on 
their normal membrane stability to freely circulate through 
the bloodstream without fragmentation. Consequently, a de-
creased stability may lead to a breakdown even under every-
day circulatory stresses26. To solve the fragility problem, new 
methods have emerged to overcome this problem, such as 
polysialic acid (PSA)–tyramine hydrogel, which creates an 
enhanced flexible framework around RBCs that ensures their 
surface stability. This article's clinical trials explain the details 
of an experiment done with (PSA)–tyramine and rabbits.

Universal RBCs Transfusion 
Different criteria must be carefully examined when mo-

dified RBCs are transfused. Some of these are similar to the 
analysis made on regular RBCs transfusions. However, it is 
more critical for the modified cells to see possible immuno-
genic reactions. In addition, the ECO technology is the only one 
that has passed into human clinical trials and with relevant 
success23. This technology showed no significant changes in 

the RBCs morphology and functions, so it was allowed to be 
used in phase 1 of clinical trials. Indeed, research have shown 
that during the in vitro transfusion tests, there was no noticea-
ble increase in anti-B for the samples of type A or O. Actually, 
their sera remained with no indications of agglutination or he-
molysis after seven weeks of the transfusion25. Even though 
this method does not present relevant problems to the host, it 
is essential to take immuno-tests periodically to evaluate that 
the procedure has done well.

Pre-Clinical Trials
There are no clinical trials of transfusions with modified 

universal red blood cells yet. Nevertheless, researchers used 
New Zealand white rabbits in a pre-clinical study performed 
in vivo to evaluate immunogenicity. These rabbits were ran-
domly divided into four groups (Table 1). Table 1 below shows 
the distribution of each group of rabbits, which injections they 
received, and the immune response for each one. The study 
continues with ELISAs, according to Zhao Y. et al. (2020), as fo-
llows: ELISA was performed to analyze the binding of both the 
framework and the non-framework to RhD-positive red blood 
cells and evaluate RhD antibody titers in vivo. Recombinant 
human RhD proteins were used to coat ELISA plates. At ni-
ght they were incubated at 4 °C, then the plates were washed 
three times with PBS, and after this, for two hours, they were 
blocked with a blocking buffer at 37 °C. Next, the plates were 
washed three times, and the sera samples (100 l) were added1. 
We proceeded to incubate at 37ºC for one hour, then the plates 
were washed three times, and 100 μl of secondary antibody 
conjugated with HRP were added. Next, we proceeded to in-
cubate at 37ºC for 45 minutes, and afterward, the plates were 
washed three times, and 100 l of TMB chromogenic substrate 
solution was added. After 10 minutes, 50 l of H2SO4 1 M were 
added to stop the reaction of the endpoint titers. Using a mi-
croplate reader, absorbance was measured at 450 nm1.

It was seen that anti-RhD immunity in surface modifica-
tions could be avoided, and favorable biocompatibility was also 

Table 1. Process in vivo rabbits immunostimulation with different RBCs. *Data obtained from Zhao Y. et al.1.
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promoted. Also, there was no recognition between antigens 
and antibodies. Therefore, the trial worked properly as it avoi-
ded immune responses altogether, thus ensuring a successful 
RhD-stealth blood transfusion1.

Conclusions
Blood units are used worldwide, and blood type matching 

is one of the biggest challenges in the medical field. Becau-
se there are different blood groups, and most of them have 
specific antigens, blood transfusion has to overcome different 
typing processes before being transplanted. To maintain RBCs 
on their normal conditions, factors such as coagulation, tem-
perature, pH, and storage time must be controlled to prevent 
changes in RBCs' morphology and oxygen transport capacity. 
Additionally, the variety of blood types results in an unequal 
supply for hospitals and clinical procedures. However, the-
re are two techniques to engineer universal red blood cells. 
The first is the ECO technique, which uses an α-galactosida-
se enzyme that removes the surface antigens from RBCs to 
transform them into O type. The second is antigen masking, 
here a framework usually made of hydrogels, or PEGs, binds 
to the surface of red blood cells. Hence, the host's immune 
system cannot recognize them after transfusion. These two 
methods are promising and have been extensively studied to 
help supply blood banks, especially for people with uncommon 
blood types.
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