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Abstract 

Background: Like other viruses, the SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2) appears to be responsible for several autoimmune complications. The occurrence 
of autoimmune hemolytic anemia has been described in several case reports. This AIHA was also 
noticeable by the important number of blood transfusions required for COVID-19 (coronavirus 
disease 2019) patients. By investigating RBC coating autoantibodies, this article attempts to clarify 
the autoimmune aspect of the anemia in the context of SARS-CoV-2 infection.

Results: A large population of COVID-19 patients selected at Saint-Luc University Hospital 
showed an average of 44% DAT positivity. In this population, the intensive care patients were more 
prone to DAT positivity than the general ward patients (statistically signifi cant result). The positive 
DAT appeared « transmissible » to other RBCs via COVID-19 DAT-positive patient’s plasma.

Conclusion: The strongest hypothesis explaining this observation is the targeting of cryptic 
antigens by autoantibodies in COVID-19 patients.
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Introduction
The Direct Antiglobulin Test (DAT) or direct Coombs test 

is commonly used to detect the presence of antibodies or 
complement fractions on the red blood cells (RBCs) surface. 
It is performed to diagnose autoimmune hemolytic anemia 
(AIHA) [1,2].

The type of antiserum used allows to determine 
which antibody isotype coats the erythrocytes. The most 
commonly used antisera are directed against IgG antibodies 
or complement fragments (usually C3d). In a routine 
laboratory, 3 types of DAT results can be distinguished: 
IgG-speci ic DAT, associated with warm AIHA; C3d-speci ic 
DAT, associated with cold agglutinin syndrome/disease; and 
mixed DAT, mostly due to the fact that IgG1 and IgG3 also 
bind complement fragments. A mixed DAT can also be caused 
by a mixed autoimmune hemolytic anemia, with cold and 
warm autoantibodies [3,4].

A positive DAT reveals the presence of antibodies on the 
cell surface. The anti-RBC antibodies can be autoantibodies or 

can originate from drug intake, feto-maternal incompatibility, 
transfusion or transplantation [3,4]. These last causes need 
to be excluded in case of AIHA suspicion. AIHA can be of 
unknown etiology or secondary to infection (several bacteria 
and viruses, notably CMV or EBV), neoplasia or immune 
dysregulation, like autoimmune disorders or immune 
de iciencies [4,5].

A positive DAT, regardless of the presence of a clinical 
hemolysis, reduces the lifespan of circulating erythrocytes. 
Coated RBCs are captured and cleared from circulation by 
macrophages of the mononuclear phagocytic system [3].

The recent SARS-CoV-2 (severe acute respiratory 
syndrome coronavirus 2) pandemic has been the subject of 
numerous publications and case reports. A growing number 
of complications have been associated with the virus, 
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notably the occurrence of AIHA, as well as other autoimmune 
disorders. A study has shown a correlation between the 
hemoglobin level at hospital admission and the severity of 
the coronavirus disease 2019 (COVID-19) [6]. This highlights 
the clinical importance of inding the cause and correctly 
treating the anemia occurring in these patients.

Our study aims to clarify the autoimmune aspect of the 
anemia observed and to suggest potential mechanisms 
underlying this autoimmune phenomenon.

Materials and methods
Sample population

EDTA blood samples were collected from 225 patients 
hospitalized in the COVID-19 units at the Saint-Luc University 
Hospital (Brussels) on three distinct days.

Eight samples were selected from COVID-19 positive 
patients showing a DAT with ≥ 2+ agglutination intensity 
with an IgG component. The patients showed no positive 
reaction for an irregular antibody screening (IAS) at the time. 
Five samples were obtained from ICU (intensive care unit) 
patients and three from the general ward.

Three RBC types were used for elution testing: RBCs 
from a commercial panel, and DAT-negative RBCs from 
patients that either tested positive or negative for SARS-
CoV-2 by PCR.

Alloadsorptions were performed using six RBC types: 
cord blood, RBCs from pooled blood units and RBCs from 
patients that tested either positive or negative for SARS-
CoV-2 by PCR. These last RBCs were kept either overnight 
(= fresh RBCs) or for seven days (= older RBCs) at 4 °C. All 
these erythrocytes were DAT negative.

The design of the study is illustrated in igure 1.

Direct antiglobulin test

Each centrifuged EDTA sample was irst tested using 
Ortho’s anti-IgG, -C3d; polyspeci ic gels on an OrthoVision 
automate (Ortho Clinical Diagnostics, Raritan, USA). The 
results obtained were visually con irmed. The agglutination 
force was semi-quanti ied from 0+ (no agglutination) to 
4+ (complete agglutination). The positive samples were 
manually checked using LISS/Coombs ID-cards (Biorad, 
Hercules, USA). The results were visually assessed.

Samples showing at least a 2+ agglutination were tested 
for DAT-speci icity using Ortho’s anti-IgG/anti-C3b, -C3d/
control gels, allowing the determination of IgG-, C3- or a 
mixed speci icity.

Elution

Elutions were performed with an acid-elution process 
(DiaCidel kit, Biorad). Each sample was centrifuged, and 
the plasma separated from the erythrocyte pellet. The 
erythrocytes were then washed once with saline and four 
times with the DiaCidel washing solution. The tubes were 
centrifuged at 2576 g for 6 minutes and the supernatant was 
removed. The last washing supernatant was considered as 
control of the ef iciency of the washing procedure and tested 
for IAS (Ortho’s 0.8% Surgiscreen cells). Then, an elution 
solution containing an acidic glycin buffer was added to the 
RBCs in a 1:1 ratio. Every sample was homogenized and 
quickly centrifuged for 1 minute at 1449 g. The eluate was 
collected and neutralized by a buffer solution (pH of 6.5-7).
The tube was centrifuged again for 1 minute at 1449 g to 
precipitate residual RBCs. The eluate was then used for 
indirect antiglobulin tests using the previously mentioned 
erythrocytes.

Alloadsorption

The RBCs used for alloadsorptions were washed ive 
times with saline before use. They were then incubated in a 
1:1 ratio with the plasmas collected from the eight COVID-19 
patients or with control plasmas. These control plasmas 
were obtained from DAT-negative patients tested negative 
for SARS-CoV-2. Each plasma used had been tested negative 
for IAS and was ABO-compatible with the RBCs used. After 
at least two hours of incubation at 37°C, the samples were 
centrifuged at 2576 g for 6 minutes. The RBCs collected were 
tested for a DAT (Ortho’s anti-IgG, -C3d; polyspeci ic gels). 
The results were visually assessed.

Statistics

Figures were generated using GraphPad Prism 5.0 and 
Microsoft Excel 16.45. Statistics were calculated by Pearson’s 
 test for DAT frequency comparison and by a one-way 
ANOVA with a Bonferroni test for mean comparison.Figure 1: Design of the study.
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Results and discussion
Direct antiglobulin test

Among the 225 samples, 99 were DAT-positive (44 from 
general ward patients and 55 from ICU patients) with an 
average positivity rate of 44%. DAT positivity ranged from 
35% in the general ward to 56% in intensive care units. 
This was statistically signi icant (Pearson’s χ2 test, p < 0.01) 
(Figure 2A). Among all the DAT-positive samples obtained 
with Ortho, 67% also tested positive with the other method 
(Biorad).

The isotype was determined for samples showing a strong 
DAT positivity (≥ 2+). The majority (91.2%) showed an IgG-
speci icity alone (n = 20; 58.8%) or mixed (n = 11; 32.4%). 
The remaining RBC samples (n = 3; 8.8%) only showed C3d-
speci icity (Figure 2B).

Elution

The elution experiment generated negative results with 
all the RBC types used and when tested against an RBC 
commercial panel.

Alloadsorption

When incubated with COVID-19 positive patients’ plasma, 
all RBCs tested showed a positive DAT. The RBCs from sick 
patients showed a stronger agglutination than the RBCs from 
healthy people (Figure 3). This difference was statistically 
signi icant between the older COVID-19 positive RBCs and 
the RBCs from healthy people (cord blood, blood units). When 
incubated with the COVID-19 negative patients’ plasmas 
(control plasmas), only the sick patients’ RBCs showed 
agglutination. RBCs kept overnight reacted identically with 
the different plasmas regardless of the COVID-19 state of the 
patient. The difference became statistically signi icant with 
the older COVID-19 positive or negative patients’ RBCs. The 
older COVID-19 patients’ RBCs also reacted more strongly 
than the fresh ones.

The direct antiglobulin test is frequently performed in 
a hospital blood transfusion service in order to diagnose 
immune-mediated hemolysis. The positivity rate of such tests 
is usually low, estimated to 0,008 up to 0,1% in a healthy blood 
donor population [7] and to 1-15% in patients suffering from 
acute illness [8-10]. Several case reports describe the onset of 
AIHA in patients suffering from COVID-19, associated with a 
positive DAT [11-15]. Moreover, other types of autoimmune 
complications are reported in SARS-CoV-2 infected patients, 
such as immune thrombocytopenic purpura [14,16], or 
Evans syndrome [17]. Bastard, et al. also report the presence 
of anti-interferon antibodies in some severe COVID-19 cases 
[18]. Consequently, the rate of DAT positivity has been 
investigated in the Saint-Luc University Hospital. 225 blood 
samples have been collected from patients hospitalized in 
COVID-19 units. The results obtained were striking, with a 
44% positivity rate obtained by the Ortho gel method. 67% 
was con irmed positive by the more speci ic Biorad gel 
method. In fact, the Ortho method is well-known to be very 
sensitive [19]. 

The samples collected in the ICU showed a signi icantly 
higher positivity rate than those of the general ward. 
Accordingly, patients developing a positive DAT might be 
more at risk for admission in the ICU. This inding can be 
linked to the study showing that a lower hemoglobin level at 
admission is associated with a more severe disease evolution 
[6].

The majority of the DAT-positive samples tested showed 
an IgG-speci icity, which was surprising, as viruses are 
usually known to stimulate a temporary cold agglutinin 
response, leading to a complement-speci ic DAT [20].

The positive direct Coombs test couldn’t be linked with 
a high degree of certainty to the SARS-CoV-2 infection in 
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Figure 2: The amount of positive IgG-type DAT results in COVID-19 patients 
is high, particularly in the ICU. a) rate of DAT positivity according to type of 
hospitalization unit; b) rate of DAT positivity according to DAT specifi city
GW: General Ward; ICU: Intensive Care Unit; **p < 0.01
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Figure 3: A positive direct Coombs test could be induced on six types of 
RBCs by incubation with COVID-19 patients’ plasmas. In black, the direct 
Coombs test on RBCs after incubation with the COVID-19 patients’ plasmas;
in grey, the direct Coombs test on RBCs after incubation with the control 
plasmas. The relevant statistically signifi cant diff erences are shown.
NT: Not Tested; *p < 0.05; **p < 0.01; ***p < 0.001
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our patients. However, the clearly superior rate of positivity 
in this population (44%) compared to the one found in a 
non-COVID hospitalized population (up to 15%) [8,9] and 
the timeframe of the DAT becoming positive were highly 
suggestive.

A similar DAT rate was published by Berzuini, et al., who 
described 46% positivity. The RBC elutions performed by 
their team induced agglutination with RBCs from COVID-19 
patients [21]. These results couldn’t be reproduced in our 
experiences. The discrepancy might be explained by the acid 
elution method, since a different elution kit was used.

To evaluate the target of the antibodies causing the DAT 
positivity, alloadsorptions were performed. Surprisingly, the 
antibodies in COVID-19 patient’s plasmas coated all the RBC 
types tested. Moreover, they affected RBCs from sick patients 
more than those from healthy people. 

The strongest hypothesis for this phenomenon relies on 
the in lammatory context caused by sickness. A cytokine-rich 
in lammatory environment alters the antigen presentation 
process by the antigen presenting cells. This results in a 
modi ied antigen repertoire presented to T lymphocytes, of 
which cryptic antigens may be a part. These antigens don’t 
elicit T lymphocytes negative selection in the thymus. If 
they are more presented on the cell surface, they are more 
likely to elicit an immune response when encountering an 
autoreactive T lymphocyte. The stimulated T lymphocytes 
activate in turn autoreactive B lymphocytes to produce 
antibodies against the cryptic antigens [22-25]. This 
hypothesis is supported by the fact that RBCs from COVID-19 
patients react with the control plasmas. We indeed all have 
immune reactivity against cryptic antigens. Repetitive 
exposure is a key factor for the occurrence of autoimmunity 
[22,25]. Viral infection has already been correlated with 
the exposure of cryptic antigens [24] and with hemolytic 
anemia [25-27]. Moreover, some viruses are known to act 
as B lymphocytes stimulators, and can therefore activate 
anergized autoreactive B cells [25]. This hypothesis doesn’t 
exclude the possibility that the antigen targeted might not be 
fully expressed on neonate RBCs. The anticoagulant might be 
another confounding factor, since blood units contain citrate 
instead of EDTA.

A second hypothesis is based on the existence of a shared 
epitope sequence between the SARS-CoV-2 spike protein and 
the ankyrin 1 (ANK-1) protein present on the RBC membrane 
[28]. Molecular mimicry is a well-known initiating event of 
autoimmune diseases [22,25]. Even if this similarity likely 
plays a role in the autoimmune phenomenon, it is probably 
not suf icient as isolated hypothesis. The cord blood RBCs 
express ANK-1 [29]. However, when added to COVID-19 
patients’ plasmas, they react less intensively than the 
sick patients’ RBCs. This difference isn’t explained by the 
molecular mimicry hypothesis.

RBC transfusion is a known cause of alloantibody 
trigger. This can be observed by a positive DAT at irst. The 
patients’ transfusion history hasn’t been reviewed for this 
article. However, the samples coming from the selected 
eight COVID-19 patients have been analyzed further. Their 
positive direct Coombs test observed couldn’t have been 
caused by an alloantibody. Both their plasma and eluate were 
tested negative by IAS. Had there been an alloantibody, the 
alloadsorption results would probably have shown greater 
variation depending on the presence of the targeted antigen.

A positive DAT with a negative elution can also be caused 
by drug-induced antibodies. Since the patients’ medication 
history has not been reviewed for the article, this hypothesis 
can’t be excluded.

Conclusion 
Hospitalized COVID-19 patients show a direct Coombs 

test rate of 44%. The ICU patients were more prone to 
DAT positivity than general ward patients. The DAT can be 
“transmitted” to allogenous RBCs that have been in contact 
with the plasma of DAT-positive COVID-19 patients. A 
potential hypothesis would be that the antibodies coating 
the RBCs, causing the DAT, target cryptic antigens. Evidence 
supporting this hypothesis are the important in lammatory 
state caused by the COVID-19, the polyclonal stimulation of B 
lymphocytes by viral vector and the epitope shared between 
SARS-CoV-2 Spike protein and ANK-1 on the RBCs.
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