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Abstract

Background: While convalescent plasma (CP) may benefit patients with

COVID-19, fundamental questions remain regarding its efficacy, including the

components of CP that may contribute to its therapeutic effect. Most current

serological evaluation of CP relies on examination of total immunoglobulin or

IgG-specific anti-SARS-CoV-2 antibody levels. However, IgA antibodies, which

also circulate and are secreted along the respiratory mucosa, represent a rela-

tively uncharacterized component of CP.

Study design and methods: Residual samples from patients and CP donors

were assessed for IgM, IgG, and IgA anti-SARS-CoV-2 antibody titers against

the receptor-binding domain responsible for viral entry. Symptom onset was

obtained by chart review.

Results: Increased IgA anti-SARS-CoV-2 antibody levels correlated with clini-

cal improvement and viral clearance in an infant with COVID-19, prompting a

broader examination of IgA levels among CP donors and hospitalized patients.

Significant heterogeneity in IgA levels was observed among CP donors, which

correlated weakly with IgG levels or the results of a commonly employed sero-

logical test. Unlike IgG and IgM, IgA levels were also more likely to be variable

in hospitalized patients and this variability persisted in some patients >14 days

following symptom onset. IgA levels were also less likely to be sustained than

IgG levels following subsequent CP donation.

Conclusions: IgA levels can be very heterogenous among CP donors and hospi-

talized patients and do not necessarily correlate with commonly employed testing

platforms. Examining isotype levels in CP and COVID-19 patients may allow for a

tailored approach when seeking to fill specific gaps in humoral immunity.
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1 | INTRODUCTION

A multi-center study including 35,322 patients from 2807
acute care facilities by the US expanded access program
COVID-19 Plasma Consortium found reductions in 7 and
30 days mortality when convalescent plasma (CP) with high
levels of SARS-CoV-2-specific IgG antibodies was delivered
early during infection.1 High-quality follow-up trials have
recently confirmed the overall findings of efficacy in this
analysis.2,3 In addition to timing, concentration, and specific-
ity, antibody isotypes also dictate potency, function, and
localization of the humoral immune response to viral
pathogens.4

Due to the selective secretion of dimeric IgA across
mucosal barriers,5 these antibodies could provide an
important benefit or immunomodulatory capacity when
targeting respiratory pathogens.6,7 Circulating dimeric
and monomeric IgA may also mediate isotype-specific
function independent of localization.8 Monomeric IgA
found in the serum lacks the secretory chain of dimeric
IgA allowing binding to the Fcα-receptor 1 (FcαR1),
engagement of which can contribute to inflammatory
programs in myeloid cells.9 There is also experimental
evidence for an anti-inflammatory role for monomeric
IgA interactions with FcαR110 and for therapeutic admin-
istration of IgA in autoimmune models.11 Furthermore,
these effects are likely to be dependent on subclass (IgA1
vs. IgA2) and antibody glycosylation as well as concentra-
tion and antigen specificity.11 The secretory component
of dimeric IgA facilitates interactions with the polymeric
immunoglobulin receptor,5 allowing dimeric IgA to be
secreted across epithelial barriers and provide direct
humoral immunity at the mucosal surface.6,7 Together,
these studies suggest that monomeric and dimeric IgA
can play multiple roles and strongly support further char-
acterization in CP and other therapeutic blood products.

If the goal of CP therapy is to deliver virus-specific
antibodies to the site of infection,12 assessment of IgA
anti-SARS CoV-2 antibody levels in CP may be an impor-
tant step in defining correlates of CP efficacy in larger
studies. Despite the potential contribution of IgA anti-
SARS-CoV-2 antibodies in CP efficacy, the relative distri-
bution of these antibodies among CP donors and
hospitalized patients remains incompletely understood.13

Prior to the development of serological tests, early efforts
to procure CP understandably relied on donors who
recovered from PCR confirmed infection in the absence
of pre-transfusion serological assessment.14-16 The early
inability to characterize antibody levels also made it diffi-
cult to determine antibody levels in patients prior to
transfusion and therefore define potential gaps in

humoral immunity that may benefit from this therapy.
Even following the development of tests capable of
assessing total or IgG-specific anti-SARS-CoV-2 antibody
levels or neutralizing titers, the majority of these plat-
forms do not specifically evaluate IgA. Characterization
of units and responses to CP have been performed in
recent months,17,18 but relative levels of class-specific
components remain incompletely understood. As IgA
anti-SARS-CoV-2 antibody levels may reflect an under
characterized yet important variable when seeking to
establish CP therapeutic efficacy, we sought to define
these levels in CP donors and hospitalized patients.

2 | METHODS

2.1 | Anti-SARS CoV-2 antibody
evaluation

SARS-CoV-2 PCR-confirmed patients were initially iden-
tified based on hospital wide SARS-CoV-2 PCR testing
results. Residual plasma samples (primarily in sodium
citrate as an anticoagulant) from clinical laboratory tests
were collected as “discarded samples,” aliquoted and
stored at �80°C prior to analysis for antibody levels.
Plasma obtained at the time of CP unit collection was
similarly aliquoted and stored at �80°C prior to antibody
evaluation. Purified recombinant receptor-binding
domain (RBD) from the SARS-CoV-2 was generated as
recently outlined and used as the target.19,20 Briefly,
1 μg/ml of purified recombinant RBD in phosphate buffer
saline (PBS) was incubated overnight at 4°C or at 37°C
for 1 h. Plates were then washed 3x with 0.5% T20 in PBS
(PBST) and blocked for 30 min at room temperature (RT)
in ELISA buffer (1% Bovine serum albumin BSA, 0.2%
T20 in PBS). Starting at 1:50, 1:3 serial dilutions were
then analyzed for isotype-specific anti-RBD antibody
levels using anti-human IgA (Southern biotek, Birming-
ham, AL), IgG or IgM (Invitrogen, Carlsbad, CA) anti-
bodies, followed by O-phenylenediamine dihydrochloride
for development and a BIOTEK plate reader at 492 nm.
For analysis of CP units given to the patient presented in
the clinical case, an aliquot of each CP unit was assessed.
For analysis of CP donors in general, the same strategy
employed by LifeSouth was adopted to facilitate a direct
comparison of serology assay performance characteris-
tics. In LifeSouth's protocol, an additional blood draw at
the time of CP collection is used for SARS-CoV-2 anti-
body testing. An aliquot of the same sample tested for
SARS-CoV-2 antibodies at LifeSouth (Ortho VITROS)
was used for assessing IgA, IgG, and IgM as outlined
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above. All data generated on the Ortho VITROS (Ortho
clinical diagnostics, Raritan, NJ) were performed by
LifeSouth Donation Services.

2.2 | Chart review

Chart reviewers were blind to the ELISA results at the
time of review. Patient information was entered into a

REDCap® database. Symptom onset dates were deter-
mined using defined criteria, where at least one of the
following needed to be reported as a new symptom on
the estimated date of onset (cough, shortness of breath or
difficulty breathing, fever [including subjective fever],
chills, muscle pain, headache, sore throat, loss of taste or
smell, rash, or diarrhea). To enhance symptom onset date
reliability, all dates were independently checked by at
least one additional chart reviewer.

+ + + + - ++ ------

A

B

Hospital day:

NP swab:

Remdesivir

1 5 10 15 20

Ac
ute

res
pir

ato
ry

fai
lur

e

25

SS
SS

Anti-viral Tx: 1

403530

Int
ub

ati
on

NE
C

45

Ex
tub

ati
on

Clinical events:

++ -

D1 D2

2 1 2

+ -

10
-5

10
-4

10
-3

10
-2

10
-1

0.0

0.5

1.0

1.5

2.0

2.5

Dilution Factor

O
D

IgM anti-RBD antibodies

10
-5

10
-4

10
-3

10
-2

10
-1

0.0

0.5

1.0

1.5

2.0

2.5

Dilution Factor

O
D

IgG anti-RBD antibodies

Negative 1

Negative 2

Negative 3

CP Donor 2

Pre-transfusion

Post-transfusion

CP Donor 1

10
-5

10
-4

10
-3

10
-2

10
-1

0.0

0.5

1.0

1.5

2.0

2.5

 Dilution Factor

O
D

 

IgA anti-RBD antibodies

C

10
-5

10
-4

10
-3

10
-2

10
-1

0.0

0.5

1.0

1.5

2.0

2.5

Dilution Factor

O
D

 

IgM anti-RBD antibodies

10
-5

10
-4

10
-3

10
-2

10
-1

0.0

0.5

1.0

1.5

2.0

2.5

Dilution Factor

O
D

 

IgG anti-RBD antibodies

10
-5

10
-4

10
-3

10
-2

10
-1

0.0

0.5

1.0

1.5

2.0

2.5

Dilution Factor

O
D

 

IgA anti-RBD antibodies

Day 2

Day 3

Negative 1

Negative 2

Negative 3

FIGURE 1 Clinical course and SARS-CoV-2 antibody changes after CP for COVID-19 in an infant with trisomy 21. (A) Schematic

representation of the COVID-19 clinical course of an infant infectedwith SARS-CoV-2who received CP therapy. (B) Levels of SARS-CoV-2 RBD-

specific antibodywere assessed by limiting dilution pre- and post-infusion of serologically characterized convalescent plasma (CP) units. CP donor

1= convalescent plasma donor 1 (fromwhom the first two doses of CPwere derived); CP donor 2= convalescent plasma donor 2 (fromwhom the

third and fourth doses of CPwere derived); pre-transfusion= sample taken prior to CP therapy. Post-transfusion= sample taken after the first dose of

CP. Negative 1, 2, and 3= samples taken from three distinct individuals negative for COVID-19. (C) Levels of class-specific antibodies were similarly

monitored on days 2 and 3 following the first dose of CP. D1, donor 1; D2, donor 2; NEC, necrotizing enterocolitis; NP swab, nasopharyngeal swab

PCR result; RBD, receptor-binding domain; SSSS, staphlococcus scalded skin syndrome

VERKERKE ET AL. 1742



2.3 | Study approval and ethical
statement

Sample collection and chart review was accomplished
under the approval of the Institutional Review board
(IRB #00022371).

3 | RESULTS

3.1 | CP therapy in an infant with
Trisomy 21 and COVID-19

To examine the possibility that IgA levels may influence
CP efficacy, we first explored IgA antibody levels in sam-
ples acquired before and after transfusion of a recently
reported infant where significant clinical improvement
and evidence of viral clearance were observed shortly
after CP therapy.21 This infant was a 3.1 kg term 9-week-
old female with a history significant for Trisomy 21 and
an unrepaired balanced complete atrioventricular canal
defect who presented to the hospital with respiratory fail-
ure initially thought to be due to decompensated heart
failure. Despite stabilization with milrinone, intravenous
diuretics and bilevel noninvasive positive pressure venti-
lation, by hospital day 12 she developed acute respiratory
failure and her heart failure once again decompensated.
Nasopharyngeal swab real-time PCR testing was positive
for SARS-CoV-2 and additional testing of a residual sam-
ple collected for a general respiratory panel on hospital
day 5 was also positive for SARS-CoV-2. Given the
patient's underlying congenital heart disease and respira-
tory compromise in the face of COVID-19, efforts were
taken to eradicate the virus. Initial management of the
viral infection was essential given that significant post-
operative complications are associated with atrioventricu-
lar canal defect repair in patients with pre-existing
respiratory infection.22-24

In an effort to clear the virus, a 14-day trial of
remdesivir was initiated. However, despite this interven-
tion, the patient remained PCR positive on repeat SARS-
CoV-2 testing from hospital day 5 to 25 (Figure 1(A)).
While very little was known regarding the effectiveness
of CP in COVID-19 patients, especially infants with con-
genital heart disease, the empirical use of CP was consid-
ered to treat the ongoing viral infection and prepare the
patient for atrioventricular canal repair. To this end,
the patient received two doses of CP (10 ml/kg/dose), a
day apart, from the same CP donor (donor 1). Despite
remaining SARS-CoV-2 PCR positive following each CP
infusion, SARS-CoV-2 PCR testing results were negative
for the first time since hospital day 5 the day following
the second CP dose (hospital day 30) (Figure 1(A)). In

addition, the patient appeared to improve clinically as
evidenced by reduced ventilator support. As the sustain-
ability of this initial response was uncertain, the patient
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received two additional doses of CP on hospital days
31 and 32 from a different donor (donor 2) (Figure 1(A)).
While a positive SARS-CoV-2 PCR test occurred follow-
ing the second CP infusion from donor 2, the patient pri-
marily remained negative over the next week, with only a
few intermittent positive SARS-CoV-2 PCR results. More
importantly, the patient's clinical status continued to
improve. She was extubated on hospital day 34 and even-
tually underwent successful atrioventricular canal defect
repair.

At the time of CP therapy, CP units or patients were not
routinely evaluated for anti-SARS-CoV-2 antibodies prior to
transfusion. However, we were able to retrospectively per-
form limiting dilution analysis using SARS-CoV-2 ELISAs
for antiviral IgG, IgM, and IgA on residual samples obtained
pre- and post-transfusion from the infant as well as samples
from the CP donor units themselves. IgM, IgG, and IgA anti-
body levels against the RBD of SARS-CoV-2 (antibodies that
correlate strongly with neutralizing activity19) were found to
be high in the first CP unit transfused, while the second unit
of CP exhibited low antibody levels overall (Figure 1(B)). As

samples were available prior to and following the first CP
unit, anti-SARS-CoV-2 antibody levels were next evaluated
in the patient. Despite having high IgG antibody levels, the
first CP unit failed to significantly increase IgG or IgM anti-
body levels in this patient, perhaps due to the higher titer IgG
and IgM antibodies already present (Figure 1(B, C)). In con-
trast, IgA antibody levels increased significantly following
CP transfusion (Figure 1(B,C)).While these data do not dem-
onstrate that IgA alone supported viral clearance, the isolated
increase in IgA anti-SARS-CoV-2 antibodies following CP
transfusion coupled with the proximity of viral clearance and
clinical improvement to initial CP therapy suggests that
increases in IgA anti-SARS-CoV-2 antibodies could be associ-
atedwith infection resolution.

3.2 | Isotype-specific SARS-CoV-2
serology in CP units

Given the variability in antibody levels between the two
CP units used to treat this patient and the possible

FIGURE 3 Population level longitudinal analysis of SAR-CoV-2 receptor-binding domain antibodies in hospitalized patients over time.

(A) Logarithmic endpoint titers from 201 samples collected from hospitalized PCR-confirmed COVID-19 patients are plotted over time after

symptom onset. (B, C) Frequency distribution (histogram) analysis of class-specific SARS-CoV-2 endpoint titers in 220 convalescent plasma

units (B) and 172 longitudinal samples collected >14 days after symptom onset (shaded yellow in Figure 2(A)) [Color figure can be viewed at

wileyonlinelibrary.com]
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association of CP-induced increases in IgA anti-SARS-
CoV-2 levels and clinical improvement in this patient, we
next determined IgM, IgG, and IgA levels over a larger
pool of CP donor units (n = 220). Significant variability
was observed in IgM, IgG, and IgA levels among CP
donors. To determine whether IgA levels correlate with
IgG or IgM levels, we first assessed IgG and IgM levels
based on increasing IgA. Many units with high levels of
IgA likewise exhibited high levels of IgG and IgM,
suggesting that examination of IgG alone may suffice
when seeking to characterize the overall repertoire of
anti-SARS-CoV-2 isotypes (Figure 2(B)). However, differ-
ences between IgA and IgG levels were noted and when
units were instead stratified based on IgA-negative
results, many units were strongly positive for IgG anti-
bodies despite the absence of IgA (Figure 2(A)). Similarly,
while general correlations across all donor IgM, IgG, and
IgA levels were observed (Figure 2(B)), significant varia-
tion existed, suggesting that in addition to total antibody
levels, the composition of antibody isotypes can vary
between CP units.

3.3 | Population level longitudinal
analysis of SAR-CoV-2 RBD antibodies in
hospitalized patients over time

As differences between IgG and IgA were also observed for
our patient, we next examined whether similar differences
in isotypes exist among other COVID-19 hospitalized
patients (n = 201 samples, Figure 3(A)). Although lower
levels of all three antibody isotypes were observed within
the first 10 days following symptom onset, patients nearly
uniformly possessed high IgM and IgG anti-RBD antibody
levels by 14 days post-symptom onset (Figure 3(A)). In con-
trast, some patients continued to exhibit low levels of IgA
despite evidence of IgM and IgG seroconversion.

To more fully define the overall abundance of IgA, IgG,
and IgMSARS-CoV-2 antibody levels in hospitalized patients
and CP donors in general, we next compared the relative
levels of IgA, IgG, and IgM among CP donors and COVID-19
hospitalized patients. Despite donating 28 days post-
symptom resolution, IgM antibody levels were sustained in
many CP donors, often exceeding corresponding IgA anti-
body titers (Figure 2(B)). IgA and IgM levels were uniformly
lower than corresponding IgG levels in both CP donors and
hospitalized patients (Figure 3(B, C)). These results suggest
that even following prolonged hospitalization, some patients
may not generate robust IgA anti-SARS-CoV-2 antibody
responses, at least as detected in plasma. Furthermore, as a
large percentage of CP units also possess low IgA levels,
transfusion of such IgA poor CP units may not possess the
ability to increase IgA levels in patients.

3.4 | Decay rates of SARS-CoV-2 RBD
antibodies in repeat convalescent donors

Differences in IgG, IgM, and IgA levels detected between
individual CP donors and hospitalized patients motivated us
to next define whether differences may also exist in isotype
production over time among repeat CP donors. Examination
of IgG, IgM, and IgA levels in CP units from the same indi-
viduals (N = 20) at two separate donations demonstrated
that while IgG levels were largely sustained, IgM and IgA
levels declined more rapidly (Figure 4(A–D)). These results
suggest that in addition to distinct immune responses that
appear to differentially impact the relative abundance of
isotypes in a given CP donor, anti-SARS-CoV-2 antibodies
have distinct half-lives following symptom resolution.

3.5 | Correlation of Ortho VITROS
COVID-19 antibody test with class-specific
RBD endpoint titers in CP units

While the serological assay we employed is designed to
detect isotype-specific antibody levels, some blood
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providers utilize the Ortho VITROS test for total anti-
SARS-CoV-2 antibody assessment. This assay is designed
to examine the presence of SARS-CoV-2-specific anti-
bodies irrespective of isotype. However, whether this test
is influenced by a given isotype or may accurately corre-
late with IgA levels remains incompletely understood. To
determine whether this approach provides sufficient
information regarding IgA antibody levels in particular,
we compared titers with signal to cutoff (S/Co) values
reported by the instrument. IgG anti-SARS-CoV-2 anti-
body titers exhibited the highest correlation, with an R2

value of 0.52 (Figure 2(E)). In contrast, neither IgA nor
IgM antibody levels exhibited a strong S/Co correlation,
suggesting that this approach, while capable of assessing
the presence or absence of anti-SARS-CoV-2 antibodies,
does not possess the ability to accurately assess IgA anti-
SARS-CoV-2 antibody levels (Figure 5).

4 | DISCUSSION

As the implementation of serological assessment tools
lagged behind PCR-based diagnostic strategies in the
early phases of the pandemic, initial attempts to utilize
CP as a therapeutic intervention for COVID-19 under-
standably relied on PCR confirmed test results in the
absence of SARS-CoV-2 antibody assessment prior to
transfusion.14-16 This is exemplified by the case presented
here, where the antibody levels were not only unknown,
but also found to be highly variable in each unit once
tested. This variability, particularly with respect to IgA
SARS CoV-2 antibody levels, prompted us to examine a
wider number of CP donors, which likewise

demonstrated significant differences in both total SARS
CoV-2 antibody levels and individual SARS CoV-2
isotypes. Importantly, IgG levels did not correlate suffi-
ciently with IgA levels to infer IgA SARS-CoV-2 content
in a given unit. Thus, while serological tests are now rou-
tinely employed in blood donor centers and certainly
enhance the practice of CP therapy, most of these plat-
forms do not possess the ability to examine individual
SARS-CoV-2 isotypes. As IgA is secreted along the respi-
ratory mucosa and little viremia is often detected in
patients with COVID-19,5-7,25,26 IgA SARS-CoV-2 anti-
bodies represent one variable that may be important
when considering optimal approaches to utilizing CP
therapy.

In addition to measuring total and isotype-specific
SARS-CoV-2 antibody levels in CP units, a similar exami-
nation of patients prior to CP therapy may be equally
beneficial. The results of the present study suggest that
most patients develop high titer IgM, IgG, and IgA levels
>14 days after symptom onset, suggesting that a lack of
SARS-CoV-2 antibodies may be less likely to contribute
to ongoing symptoms in patients experiencing a pro-
tracted course of COVID-19. Consistent with this, several
studies suggest that patients with prolonged COVID-19
often possess low or no detectable virus, while exhibiting
responsiveness to anti-inflammatories, such as dexameth-
asone.27 These results suggest that the later stages of the
disease may more likely reflect a misdirected inflamma-
tory response initiated by SARS-CoV-2 than a direct con-
sequence of ongoing uncontrolled SARS-CoV-2 infection.
CP therapy may therefore be most promising early in the
course of the disease, consistent with recent reports out-
lining the possible benefit of CP in treating COVID-19.1,2

It is important to note that these studies were not
designed to examine the exact role of IgA in the overall
efficacy of CP therapy; the optimal SARS-CoV-2 titers and
overall efficacy of CP therapy in general remain controver-
sial and certainly lie beyond the scope of the present study.
Furthermore, whether the lack of IgA SARS CoV-2 anti-
body levels in plasma reflect a similar deficiency along the
respiratory mucosa in an individual patient remains
unknown. More detailed considerations of IgA subclasses
and configurations, including levels of IgA1 and IgA2 in
addition to the relative concentration of dimeric versus
monomeric IgA present in CP units and hospitalized
patients may also be important when considering key
characteristics of this therapy. The heterogeneity in IgA
SARS-CoV-2 antibodies in both CP donors and patients, in
addition to the more rapid decline of IgA than IgG SARS-
CoV-2 antibodies following subsequent donations, sug-
gests that unique features of humoral immunity may need
to be considered when exploring ways to fully optimize or
even determine whether CP is actually effective in treating
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this disease. Exploring these variables in larger studies
may also be especially important when seeking to fully
define the risk benefit ratio of this therapy. While early
studies suggest that CP therapy may be safe,15 the long-
term complications that may arise from this therapy,
including thromboembolic events that commonly compli-
cate COVID-19,28-30 have been more difficult to ascertain.
Like delayed type hemolytic transfusion reactions,31-36

these complications may not be apparent during or even
shortly following transfusion and therefore may be more
easily missed given the propensity of hospitalized patients
with COVID-19 to experience underlying thromboembolic
complications.28-30 Thus, while intriguing, these observa-
tions are correlative in nature and therefore establishing
the role of IgA in CP treatment efficacy is not possible with
this study. However, our results suggest that IgA antibody
levels may be an important consideration when seeking to
characterize CP units and patients who may benefit from
this approach.
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