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ABSTRACT

Objectives and background: In December 2019, the first case of COVID-19 was reported in Wuhan, China. Its
causative virus, is a novel strain of RNA viruses with high mortality rate. There is no definitive treatment, but
among available approaches the use of recovered patients’ plasma containing specific antibodies can enhance the
immune response against coronavirus. However, the dearth of eligible donors and also ABO incompatibility in
plasma transfusion, have limited this therapeutic method. Therefore, it is highly desirable to introduce a simple
procedure that allows efficient reduction or even removal of natural ABO antibodies. Accordingly, we aimed to
evaluate a RBC-mediated adsorption technique that reduces the titer of the mentioned antibodies in plasma.
Methods/materials: This experimental study was conducted in Kerman University of Medical Sciences, Kerman,
Iran. The pre- and post-incubation antibody titers of 168 plasma samples were determined. For incubation, each
plasma sample was exposed (60 min) to different percentages of RBCs at room temperature or 4 °C.

Results: The results evidenced that both the concentration of RBCs and temperature had significant decreasing
effects on antibody titer (P < 0.001) and all concentrations significantly reduced titer. Compared to RT, 4 °C
further reduced the antibody titer. Overall, the best incubation condition for reducing antibody titer in all blood
groups was 4 °C and 2% RBCs concentration.

Conclusion: The presented adsorption procedure is able to produce universal plasma (we call it Ubiquitous
Convalescent Plasma) with a non-immunogenic level of ABO mismatch antibodies which can be used for COVID-
19 patients with any type of blood group with desirable simplicity, feasibility, and efficacy.

1. Introduction

options. Besides pharmacotherapy [4,5], other remedies such as
convalescent plasma (CP) therapy, vaccination, and stem cell therapy

Coronavirus disease 2019 (COVID-19), which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
identified in late December 2019 in Wuhan, China and rapidly spread
worldwide [1,2]. Until December 2020, the COVID-19 pandemic
infected 82 million people and caused nearly 1.79 million deaths [3].
The exponentially increasing rate of cases infected with COVID-19 has
prompted researchers to seek effective and definitive therapeutic

are under investigation in several clinical trials [1,6]. Nowadays, CP
therapy is considered a safe, effective, and FDA-approved immuno-
therapy approach [7] which is utilized for different diseases such as
SARS, Middle East respiratory syndrome coronavirus, Ebola, Zika, and
pandemic influenza A [1,8,9]. In this therapeutic option, recovered
patients’ plasma containing pathogen-specific antibodies are used to
provide immediate immunity [1,5,8]. Although this approach can be
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effective in the COVID-19 patients [10], it has some limitations
including the dearth of eligible recovered patients and
ABO-incompatibility. Except for individuals with AB blood group (uni-
versal plasma donors) [11], others have cold reactive natural antibodies
directed against red blood cells (RBCs), high concentration (>1:64) of
which leads to various complications and symptoms [12]. Despite the
mentioned practical advantage of the AB group, low prevalence limits its
widespread application for CP therapy; the frequency of blood groups is
race/ethnicity-dependent, but overall, their prevalence in white pop-
ulations is as follows: O > A>B > AB (45 %, 40 %, 11 %, and 4%,
respectively) [13]. Therefore, it is critical to find methods that allow
transfusion of ABO-mismatched plasma. Accordingly, for the first time,
we decided to optimize an adsorption method to produce a universal
plasma that can be transfused into patients with any blood group. By
obviating the deficiency of matched donors, this process allows the
widespread use of CP therapy in the treatment of various diseases such
as COVID-19.

2. Materials and methods
2.1. Blood collection

The current study was approved by the ethical review committee
affiliated with Kerman University of Medical Sciences, Kerman, Iran.
Before blood collection, informed consent was obtained from 168
healthy donors (56 samples from each A, B, and O blood group; 7
samples for each incubation condition). In a sterile condition, whole
blood was collected into bags containing an FDA-approved anticoagu-
lant preservative solution (Citrate-Phosphate-Dextrose-Adenine). The
ABO group, Rh type, and anti-viral antibodies (anti-hepatitis C virus and
anti-human immunodeficiency virus 1/2 antibodies) were determined
for each donor. Using differential centrifugation, plasma was separated
from whole blood and platelets, then stored at —20 °C.

2.1.1. Antibody titration

Based on the type of plasma and packed cells, for initial titration, the
samples were divided into four groups: 1) Plasma A tittered with B
packed cells (A-B), 2) Plasma B tittered with A packed cells (B—A), 3)
Plasma O tittered with A packed cells (O—A), and 4) Plasma O tittered
with B packed cells (O—B). Next, antibody titration was performed as
follows: Ten test tubes were assigned for serial dilution and 500 pL of
saline was transferred to tubes 2—10. After the addition of 500 pL
plasma to tubes 1 and 2, tube 2 was mixed thoroughly and 500 pL of its
content was transferred into the next tube. This process was repeated for
the next tubes and eventually, 500 pL of contents of tube 10 was
removed. Therefore, tubes 1-10 contained undiluted plasma and di-
lutions of 1/2, 1/4,1/8,1/16,1/32,1/64,1/128, 1/256, and 1/512 of
plasma, respectively. Finally, 10 pL of related packed RBCs was trans-
ferred into each tube (final concentration = 2%) and after centrifuga-
tion (1000xg/30 s), agglutination was examined macroscopically. The
last serum dilution with visible agglutination was defined as the anti-
body titer [14].

2.2. Adsorption procedure

According to the packed red cell concentrations (0.5, 1, 2, and 4%)
and incubation temperature [room temperature (RT) and 4 °C], the
samples were divided into 32 groups: 1) Plasma A incubated with B
packed cells (0.5 %) at RT, 2) Plasma A incubated with B packed cells
(1%) at RT 3) Plasma A incubated with B packed cells (2%) at RT, 4)
Plasma A incubated with B packed cells (4%) at RT, 5) Plasma A incu-
bated with B packed cells (0.5 %) at 4 °C, 6) Plasma A incubated with B
packed cells (1%) at 4 °C, 7) Plasma A incubated with B packed cells
(2%) at 4 °C, 8) Plasma A incubated with B packed cells (4%) at 4 °C,
and as the same way, 8 groups for plasma B (incubated with A packed
cells), 8 groups for plasma O (incubated with A packed cells), and 8
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groups for plasma O (incubated with B packed cells). To perform
adsorption procedure, in each group, 5 mL of plasma was mixed with 25,
50, 100, or 200 pL of related packed red cells (final concentrations of
packed cells = 0.5, 1, 2, and 4%) and incubated for 60 min at RT or 4 °C.
The mixture was shaken during the incubation phase periodically and
then centrifuged at 1000 xg for 5 min to form tightly-packed cells.
Finally, the supernatant was harvested for the secondary antibody
titration according to section 2.2. procedure.

2.3. Statistical analysis

Statistical analysis was performed using the IBM SPSS Statistics 23
software. Reciprocal antibody titers were transformed into log&+? prior
to analysis [15,16]. The comparisons of antibody titer reduction in
different temperatures and RBC concentrations were performed by
two-way analysis of covariance (ANCOVA). The initial titer was used as
the concomitant covariate in ANCOVA analysis for adjustment. The
initial assumptions of ANCOVA analysis (normality and homogeneity of
regression slopes) were also checked. The level of significance was
considered P < 0.05. Results were presented as mean =+ standard error
(SE).

3. Results

Overall, the concentration of RBC and incubation temperature had
significant decreasing effects on antibody titer (P < 0.001). However,
the interaction between the concentration of RBCs and temperature was
not statistically significant (A-B: P =0.242, B-A: P =0.891, O-A:
P =0.198, and O-B: P = 0.374). The Bonferroni pairwise comparison
test between different concentrations of RBCs showed that all concen-
trations significantly reduced antibody titer (P < 0.05). Concerning
temperature, this comparison test evidenced that 4 °C had a signifi-
cantly higher decreasing effect on antibody titer compared to RT (A-B,
0-A, and O-B: P < 0.001 and B-A: P < 0.01). Furthermore, incubation at
4 °C had a higher decreasing effect on antibody titer in all concentra-
tions of RBCs. According to Fig. 1, the antibody titer alterations had a
linear relationship with RBCs concentrations. The lowest concentration
of RBCs that declined the antibody titer to an acceptable level (<1:64)
was 2 percent.

4. Discussion

There is no specific approved protocol for the treatment of COVID-
19, but some antiviral drugs and adjunctive therapies (use of blood
products and immunomodulators) can be applied for the alleviation of
coronavirus inflammatory effects [17,18]. For instance, stem cells with
immunomodulatory properties as well as CP can be added to the treat-
ment protocols of COVID-19 [19]. Donated plasma from recovered pa-
tients has been investigated in the treatment of many infectious diseases
such as HiNj influenza, SARS, and Ebola [20]. This blood product is
cost-effective and provides passive immunization by virus-specific an-
tibodies, limits virus replication, and accelerates immune response to
viral infection [21,22]. Recently, this modality has been noticed as
promising supportive treatment for COVID-19 patients and its proper
usage at an early stage of the disease can reduce hospitalization [23]. In
this regard, Duan et al. treated 10 COVID-19 patients with 200 mL CP
within 4 h (antibody titer>1:640); the results evidenced improvement
of clinical symptoms, enhancement of oxyhemoglobin, increase/-
maintenance of the pathogen-neutralizing antibody titer, and lack of
adverse effects [1]. Furthermore, in a clinical trial carried out by Chen
and colleagues, transfusion of CP in 10 COVID-19 patients led to the
improvement of respiratory problems, lymphocyte increase, and
inflammation suppression [10]. Another case study by Shen et al.
demonstrated that CP transfusion (400 mL, antibody titer>1:1000) in 5
patients with severe clinical symptoms increased the pao2/fio2 ratio and
neutralizing antibody titer from 40-60 to 80-320 [2]. In addition,
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Fig. 1. The effect of temperature and RBC concentration on antibody titer
in different blood groups. As can be seen, antibody titer was declined in both
temperatures in all RBC concentrations. However, 4 °C had a significantly
higher decreasing effect on antibody titer compared to RT. The linear form of
the graph indicates that the antibody titer decreases with increasing RBC
concentrations. The lowest concentration of RBCs that declines the antibody
titer to an acceptable level (<1:64) is 2%. Reciprocal antibody titers were
transformed into logs (x+1). RT:A-B: Plasma A incubated with B packed cells at
RT; 4°C:A-B: Plasma A incubated with B packed cells at 4 °C; RT:B-A: Plasma B
incubated with A packed cells at RT; 4°C:B-A: Plasma B incubated with A
packed cells at 4 °C; RT:0-A: Plasma O incubated with A packed cells at RT;
4°C:0-A: Plasma O incubated with A packed cells at 4 °C; RT:0-B: Plasma O
incubated with B packed cells at RT; 4°C:0-B: Plasma O incubated with B
packed cells at 4°C. Statistical significance was measured by two-way
ANCOVA. Data were presented as adjusted mean for initial antibody titer
(mean + standard error).

available findings from other experiments revealed that CP therapy
along with recommended drug protocols could be considered as a safe
and effective method for disease improvement and mortality reduction
[24,25]. However, ABO-matched donor availability from
COVID-19-recovered patients is a challenging issue since incompatible
plasma transfusion is associated with some antibody-related adverse
complications such as acute hemolytic transfusion reactions (AHTRSs),
allergic reactions, transfusion-related acute lung injury (TRALI), and
febrile non-hemolytic transfusion reactions (FNHTRs) [26]. These
problematic antibodies can be removed by attaching to specific antigens
of RBCs through the adsorption process. For instance, Das and col-
leagues performed polyethylene glycol (PEG) and low ionic strength
saline (LISS)-papain adsorption methods in warm autoimmune hemo-
lytic anemia patients to remove the corresponding autoantibodies. They
reported that the PEG method is a more efficient autoadsorption tech-
nique for complete autoantibody elimination [27]. Concerning
COVID-19, theoretically, by reducing the titer of ABO-antibodies the
final plasma will contain a non-immunogenic level of these antibodies
(<1:64) while preserving the coronavirus-specific antibodies.

One of the effective factors in the adsorption procedure is the anti-
body, which its reaction with antigen depends on different elements
such as temperature, antigen concentration, plasma/cell ratio, pH, and
incubation time [28]. ABO natural antibodies (cold agglutinins, CA) are
mainly IgM and the optimum temperature for their reaction is 0—4 °C.
The temperature range of cold agglutinin reaction with antigen is known
as thermal amplitude and determines the pathogenicity of CA. Because
these antibodies can also react at >4 °C, two temperatures (RT and 4 °C)
were selected in the present study [29]. Furthermore, since the use of a
high concentration of antigen for antibody neutralization may cause
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plasma contamination during the adsorption process, different RBC
concentrations (0.5, 1, 2, and 4%) were investigated to obtain the lowest
concentration that provides an acceptable reduction in the antibody
titer. According to our results, 4 °C had a significantly higher decreasing
effect on antibody titer compared to RT. The linear form of the graph in
Fig. 1 indicates that the antibody titer decreases with increasing RBCs
concentration. The lowest concentration of RBCs which declined the
antibody titer to an acceptable level (<1:64) was 2 percent, and
although concentrations >2% caused more titer diminution, these re-
ductions may be associated with potential RBCs-related contamination
of the final plasma. Therefore, we selected 2% as an optimum RBC
concentration. Overall, the best incubation condition for reducing
antibody titer in all blood groups was 4 °C and 2% RBCs concentration.

Despite the promising results of the present study, the effectiveness
of this product in clinical trials has not been evaluated. In addition,
ensuring the accuracy of the results requires further studies with larger
sample sizes.

In conclusion, our modified adsorption procedure is able to produce
universal plasma (we call it Ubiquitous Convalescent Plasma) with a
non-immunogenic level of ABO mismatch antibodies which can be used
for different infectious diseases such as COVID-19 patients with any type
of blood group with desirable simplicity, feasibility, and efficacy.
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