
thus a durable treatment strategy. Broadly,
COVID-19 presents a rare opportunity to
study CP. If shown to be effective, CP
would offer a scalable model that could be
applied both to the current pandemic as
well as to future emerging infectious dis-
eases. It could also facilitate development
of hyperimmune globulin and vaccine
design. Clinical trials are already under way
to address the uncertainty of use. None-
theless, harmonization of efforts is needed
along with creative approaches to over-
come looming obstacles, such as pairing of
trials of similar design and/or metanalysis.
We must not be left wondering whether
the interventionworked after thepandemic
wanes.
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COVID-19 and
the Coombs test
Jeanne E. Hendrickson and Christopher A. Tormey | Yale University School of
Medicine

In this issue of Blood, Berzuini et al1 describe immunoglobulin G (IgG) bound
to the red blood cells (RBCs) of patients with COVID-19 and associate this
bound IgG with increased RBC transfusion requirements. The intrigue behind
these observations is not just the high (46%) direct antiglobulin test (DAT)
positivity rate, but also the novel finding that eluates (ie, antibodies stripped
from the surface of the reactive RBCs) from these DAT-positive patients react
notwith standard-reagent RBCs but exclusively with RBCs fromDAT-negative
COVID-19 patients.

Although the association of DAT positivity
and anemia is limited by study design, the
serologic findings may be teaching us
something important about modifications
to RBCs that occur in COVID-19. The au-
thors are to be congratulated on the rapid
dissemination of these data and on the

clever idea of using RBCs from COVID-19
patients as blood bank reagents in ad-
dition to standard, commercially avail-
able reagent RBCs.

First, a quick overview of the DAT, also
known as the direct Coombs test. The

DAT is designed to identify IgG or com-
plement (C3) bound to a patient’s own
RBCs. A DAT positive for IgG could be
caused by several things,2 including au-
toimmunity, drugs, or intravenous im-
mune globulin, among others, and not all
positive DATs are clinically significant.
Thus, the significance and specificity of a
DAT can be further elucidated by com-
paring the results of an RBC antibody
screen (indirect antiglobulin test that
evaluates antibody in the plasma or sera)
with the DAT and evaluating the results of
the eluate. As Berzuini et al describe, IgG
was detected inmost of the positive DATs
in hospitalized patients with COVID-19,
and all of the IgG-positive DATs re-tested
using a flow cytometric–based assay were
positive for IgG, which helped to exclude
nonspecific artifacts. Furthermore, C3d
was detected in 12% of the positive DATs,
either in combination with IgG or in iso-
lation. The eluates from the IgG-positive
DATs were negative against standard-
reagent RBCs but uniformly positive with
a panel of washed RBCs generated from
5 DAT-negative patients with COVID-19
(see figure). Possible causes for the unique
pattern of eluate reactivity observed in
patients with COVID-19 are RBC mem-
brane modifications, complement effects,
or drug effects.

Could downstream effects of severe
acute respiratory syndrome coronavirus 2
(SARs-CoV-2) infection lead to amodified
RBC membrane, resulting in the unique
IgG binding DAT pattern described?
One existing model of RBC membrane
modification related to infection involves
neuraminidase released by Streptococ-
cus pneumoniae, which cleaves terminal
N-acetylneuraminic acid (sialic acid) from
glycoproteins and glycolipids. This ex-
poses the Thomsen-Friedenreich crypt T
antigen and, in effect, converts self
RBCs to non-self RBCs. There is a debate
regarding the exact role that these non-
self RBCs play in the atypical hemolytic
uremic syndrome pathophysiology, al-
though impaired complement factor H
binding to the desialylated RBC mem-
branes and alternative pathway com-
plement activation are thought to be
involved.3

Howmight complement be related to the
findings by Berzuini et al? Gao et al4 have
recently described lung biopsy samples
from patients with severe COVID-19 dis-
ease showing C3-fragment deposition; it is
thought that the SARS-CoV-2 nucleocapsid
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(N) protein inducesmannose-binding lectin-
associated serine protease 2 activation,
leading to cleavage of the complement
protein C4 and downstream complement
activation. The higher than expected C3d
positivity reported by Berzuini et al is
particularly intriguing in this backdrop,
and one wonders if even more comple-
ment binding might have been detected
if the authors had also used a C3b-specific
reagent. In other settings,C3b iswell known
to serve as a direct ligand for complement
receptors and Fc receptor engagement.5

Moreover, complement receptors on RBC
surfaces are important in the clearance of
immune complexes in infectious or in-
flammatory disease.6 It is possible, but
purely speculative, that there may be al-
terations of complement receptors on the
RBC surface of COVID-19 patients, con-
tributing not only to the DAT positivity but
also to the pattern of eluate reactivity. Fu-
ture studies of the roles that complement
and complement receptors may play in
COVID-19, through the lectin pathway, the

classical pathway, or the alternative
pathway,7 are eagerly awaited.

Although Berzuini et al did not find a
relationship between DAT positivity and
any of the medications administered, the
possibility of a drug effect cannot be fully
discounted because an IgG-positive DAT
with a negative eluate against standard-
reagent RBCs may be drug associated until
proven otherwise.8 In their article, it is un-
clear what drugs the 5 COVID-19–positive
patients whose RBCs were used for eluate
testing might have been taking. Repeating
the eluate testing using RBCs from different
COVID-19–positive donors who were not
taking any drugs could be one way to in-
vestigate this possibility, although by defi-
nition such individuals would be less ill.
Alternatively, the authors could incorporate
select, commonly identified drugs into the
eluate testing with standard-reagent RBCs
to evaluate for a drug-dependent effect.

In sum, the Coombs test results and
associated clinical data described by

Berzuini et al in hospitalized patients with
COVID-19 add to our growing under-
standing of hematologic manifestations of
SARS-CoV-2. Given the time-sensitive
nature of the COVID-19 pandemic, the
data from the samples collected over a
1-week period are not exhaustive and the
conclusions are not definitive. However,
the described results are thought-
provoking, and they join the findings of
other rapidly writtenmanuscripts in raising
important questions to be investigated by
the hematology and transfusion medicine
communities in the years to come.
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Elution studies are performed to separate bound Ig from a patient’s RBCs in the setting of an IgG-positive DAT; this
separation is typically accomplished using pH or temperature changes. As depicted, the eluates from COVID-19
patients with an IgG-positive DAT did not show agglutination after incubation with commercially available reagent
RBCs. However, the same eluates incubated with RBCs derived from other COVID-19 patients showed aggluti-
nation. Professional illustration by Patrick Lane, ScEYEnce Studios. AHG, anti-human globulin.
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