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Background: COVID-19 Convalescent plasma (CCP) is safe and effective, particularly if
given at an early stage of the disease. Our study aimed to identify an association between
survival and specific antibodies found in CCP.

Patients and Methods: Patients ≥18 years of age who were hospitalized with moderate
to severe COVID-19 infection and received CCP at the MD Anderson Cancer Center
between 4/30/2020 and 8/20/2020 were included in the study. We quantified the levels of
anti-SARS-CoV-2 antibodies, as well as antibodies against antigens of other coronavirus
strains, in the CCP units and compared antibody levels with patient outcomes. For each
antibody, a Bayesian exponential survival time regression model including prognostic
variables was fit, and the posterior probability of a beneficial effect (PBE) of higher antibody
level on survival time was computed.

Results: CCP was administered to 44 cancer patients. The median age was 60 years
(range 37-84) and 19 (43%) were female. Twelve patients (27%) died of COVID-19-related
complications. Higher levels of two non-SARS-CoV-2-specific antibodies, anti-HCoV-
OC43 spike IgG and anti-HCoV-HKU1 spike IgG, had PBE = 1.00, and 4 SARS-CoV-2-
specific antibodies had PBEs between 0.90 and 0.95. Other factors associated with
better survival were shorter time to CCP administration, younger age, and female sex.

Conclusions: Common cold coronavirus spike IgG antibodies anti-HCoV-OC43 and
anti-HCoV-HKU1 may target a common domain for SARS-CoV-2 and other
org April 2021 | Volume 12 | Article 6756791
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coronaviruses. They provide a promising therapeutic target for monoclonal antibody
production.
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INTRODUCTION

Few treatment options for COVID-19 have proven effective in
robust clinical trials, and while vaccines are now available for
prevention of severe infections, more effective therapeutic agents
are still an unmet need. This is especially true for
immunocompromised patients including those with cancer
who may not fully benefit from a vaccine. COVID-19
Convalescent plasma (CCP), collected from patients who have
recovered from COVID-19, has emerged as a promising
therapeutic for COVID-19 patients.

Pre-clinical data on monoclonal antibodies targeting the
receptor-binding domain (RBD) of the spike protein of SARS-
CoV-2 were promising (1) and clinical studies with neutralizing
antibodies targeting SARS-CoV-2 showed some benefit in the
outpatient setting, as shown by reductions in viral load and
symptom severity (2, 3). However, in a major recent report,
hospitalized patients did not benefit from monoclonal antibodies
targeting the spike protein, and the study was terminated for
futility (4).

Preliminary data from small cohort studies have suggested
that CCP collected from individuals who have recovered from
COVID-19 might be effective for the treatment of patients with
severe COVID-19 (5–7). Based on this preliminary evidence, a
nationwide study led by the Mayo Clinic team was initiated
making CCP available at acute care facilities to individuals with
documented SARS-CoV-2 infection who had severe or life-
threatening COVID-19 symptoms, or who were judged by a
provider to be at high risk of progression to severe or life-
threatening disease. Our sub-cohort study aimed to identify the
specific antibodies found in CCP and to estimate the association
of their levels with patient survival.
METHODS

Patient Population
This study included adult patients ≥18 years of age who were
hospitalized at the MD Anderson Cancer Center, were diagnosed
with acute COVID-19 between 4/30/2020 and 8/20/2020, and
received one or more doses of CCP as a part of their treatment.
This study was part of a nationwide expanded access protocol led
by Mayo Clinic investigators for the administration of CCP for
the treatment of COVID-19 (NCT04338360). The primary
endpoint of the larger study was availability of CCP and the
secondary endpoints were safety and serious adverse events
related to CCP administration. Inclusion criteria included adult
age, laboratory confirmed infection with SARS-CoV-2, and
severe or life threatening COVID-19, or, as judged by the
org 2
treating physicians, patients at high risk of progression to
severe or life-threatening disease.

Our sub-study’s primary endpoint was survival from CCP
infusion, including survival to discharge, with secondary
endpoints being safety. Survival regression models included
antibody levels in the CCP products as well as baseline and
cancer-related patient characteristics.

Antibody Testing
The levels of 10 anti-SARS-CoV-2 antibodies (5 IgG isotypes and
5 IgM isotypes) were measured in the CCP products using the
Maverick SARS-CoV-2 Multi-Antigen Serology Panel, along
with an additional 8 antibodies against antigens of other
coronavirus strains (Genalyte, Austin, TX). The 10 anti-SARS-
CoV-2 antibodies were measured in each of the CCP products
that were administered to all 44 patients in our study, while the 8
additional antibodies against other coronavirus strains were
measured in the CCP products of 25 of those patients. This
discrepancy in sampling was because the 8 subsequent anti-
coronavirus-associated protein antibody tests had not been
developed at the time the study commenced. The assay values
(given in arbitrary units) are semiquantitative, linear, and
represent the reactivity of the patient sample to sample
antigens against an established baseline.

Statistical Methods
Patient characteristics were summarized overall and within the
two subgroups [Alive at discharge] (n=32) and [Died during
hospitalization] (n=12) using mean (range) for numerical
variables and count (%) for categorical variables, with
comparisons between the two groups performed using
Wilcoxon-Mann-Whitney tests or generalized Fisher exact
tests. Due to the limited sample size (n=44), a separate
Bayesian exponential survival time regression model (8) was
fit for each of the 18 antibodies in the CCP product, and also
included sex of the patient and whether the CCP was
administered within 3 days of COVID-19 diagnosis. Patient
age was also included in 10 of the 18 models based on
preliminary analyses. The exponential distribution was
chosen based on better fits compared to a Weibull model,
using Deviance Information Criterion statistics (9). In each
regression model, to obtain numerical stability, the plasma
variable was standardized to a value Z by subtracting the
sample mean and dividing by the sample standard deviation.
In each model, it was assumed that log (mean survival time) =
b0 + b1 age + b2[Female] + b3[time to infusion ≤ 3 days] +
b4Z, with the parameter b4 quantifying the additional effect of
the antibody level on survival time. Noninformative normal
priors with mean = 0 and variance = 10 were assumed for all
model parameters. For each antibody, the posterior probability
April 2021 | Volume 12 | Article 675679
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that a larger value had a beneficial effect of on survival time
was computed, PBE = (b4 > 0 | data). For example, if PBE =
0.95, then the odds are 19 to 1 that a larger antibody value
was associated with longer survival time. The probability of a
harmful effect is PHE = 1 – PBE. To compare mean antibody
value distributions between the two subgroups [Died during
hospitalization] (j=1) and [Alive at discharge] (j=2), assuming
noninformative normal priors for the means m1 and m2 of Z in
the two subgroups, we computed Pr(m1 < m2 | data) = posterior
probability that the mean antibody level was larger for the
patients who survived and were discharged than for the patients
who died in the hospital.
RESULTS

Patient and Donor Characteristics
Our cohort included 44 patients who were hospitalized,
diagnosed with acute COVID-19, and received CCP as a part
of their treatment. The median age was 60 years (range 37-84)
and 38 (86%) had one or more comorbidities. Twenty-five (57%)
were male and 19 (43%) were female (Table 1). Twenty-eight
patients (64%) had active cancer, while 16 patients (36%) were in
remission or had pre-malignant disease. The primary diagnosis
was a hematologic malignancy in 27 patients (61%), while 17
patients (39%) had a solid tumor. Of the patients with a solid
tumor, 6 (38%) had metastatic disease.

Forty-two patients (95%) received one dose of CCP, while 2
patients (5%) received two doses (Table 2). The mean unit
Frontiers in Immunology | www.frontiersin.org 3
volume of the CCP products was 240 milliliters. The units
were collected from 32 donors who previously had been
positive for SARS-CoV-2 infection by either PCR or antibody
assays testing for the presence of 5 anti-SARS-CoV-2 antibodies.
All donors were asymptomatic for at least 28 days before CCP
donation. Time from COVID-19 diagnosis to plasma
administration was ≤3 days for 15 patients (34.1%) and 4-7
days for 29 patients (65.9%).

COVID-19 Management
Additional agents used for COVID-19 treatment in the study
patients included steroids, zinc, vitamin C, Remdesivir,
Tocilizumab, and Anakinra (Table 2). Steroids were given
based on the dose and schedule described in the RECOVERY
trial (10). Remdesivir was given for five days, as previously
described (11, 12). Both Anakinra and Tocilizumab were
administered to reduce the acute inflammatory responses of
COVID-19, as previously described (13–15). During
hospitalization, 7 patients (16%) required intubation. Five
additional patients who had an indication for intubation
elected not to be intubated and chose end of life care. These
patients’ treatment was subsequently focused on symptom
management, including oxygen supplementation, analgesia,
and spiritual care when requested.

Safety of CCP Administration
Following CCP administration, one patient had a serious adverse
event that was deemed “possibly related” to the CCP infusion.
The patient needed increased O2 support, which occurred
concurrently with the appearance of a rash and generalized
TABLE 1 | Patient demographic characteristics.

Covariate Total - N (%) Alive at
discharge (%)

Died during
hospitalization (%)

P value

N 44 32 12 –

Age (years)- median (range) 60 (37-84) 59 (37-78) 65 (45-84) 0.21
Sex – female 19 (43.2%) 15 (78.9%) 4 (21.1%) 0.51
Race -non-white 25 (56.8%) 17 (68%) 8 (32%) 0.51
Active disease 28 (63.6%) 19 (67.9%) 9 (32.1%) 0.49
Tumor type
Solid tumor 17 (38.6%) 11 (64.7%) 6 (35.3%) 0.34

Metastatic disease among solid tumor tumor 10 (62.5%) 6 (60%) 4 (40%)
Hematological malignancy 27 (61.4%) 21 (77.8%) 6 (22.2%)

Comorbidities
none 6 (13.6%) 4 (66.7%) 2 (33.3%) 1.00
With hypertension 27 (61.4%) 20 (74.1%) 7 (25.9%)
Without hypertension 11 (25%) 8 (72.7%) 3 (27.3%)

Number of prior chemotherapy lines
0 3 (7.3%) 3 (100%) 0 (0%) 0.73
1-3 29 (65.9%) 21 (72.4%) 8 (27.6%)
≥4 9 (22.0%) 6 (66.7%) 3 (33.3%)

Previous stem cell transplant
None 35 (79.5%) 25 (71.4%) 10 (28.6%) 0.69
Autologous 3 (6.8%) 3 (100%) 0 (0%)
Allogeneic 6 (13.6%) 4 (66.7%) 2 (33.3%)

Smoking status
Never smoked 33 (75%) 24 (72.7%) 9 (27.3%) 0.84
Current smoker 2 (4.5%) 2 (100%) 0 (0%)
Past smoker 9 (20.5%) 6 (66.7%) 3 (33.3%)
April 2021 | Volume 12 | Article
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itching. This required temporary suspension of the infusion, and
supportive care. Shortly thereafter the symptoms subsided, and
the patient was able to resume the transfusion and complete the
full dose without further adverse events. Twenty-one other
patients experienced increased oxygen demand following the
CCP administration, which was determined to be unlikely due to
the CCP but rather to the underlying compromised respiratory
status of the patients. The risk for transfusion-related acute lung
injury was mitigated by HLA testing for female donors, and
transfusion-associated circulatory overload was mitigated by
transfusing the units over 4 hours and meticulous fluid balance
follow-up.

Outcomes and Factors Predicting Survival
Of the 44 patients receiving CCP, 32 survived to discharge (73%)
and 12 patients (27%) died during hospitalization. For the
patients with hematologic malignancies, the survival was
77.8%, which was slightly higher than that of the patients with
solid tumors- 64.7%. This difference did not reach statistical
significance (Table 1).A shorter time from COVID-19 diagnosis
to plasma administration, ≤3 days versus >3 days was associated
with better survival in males, in which 100% of males with a
COVID-19 diagnosis ≤3 days prior to CCP administration
survived (95% CI, 54%-100%). In comparison, 58% males who
received CCP >3 days after COVID-19 diagnosis survived (95%
CI, 34%-80%, long-rank p-value=0.05). However, this was not
observed in female patients, in which 86% of females who
received CCP ≤3 days after COVID-19 diagnosis survived
Frontiers in Immunology | www.frontiersin.org 4
(95% CI, 42%-100%), compared to 75% who received CCP >3
days after diagnosis survived (95% CI, 42%-95%, long-rank p-
value=0.68) (Figure 1).

We compared levels of antibodies against SARS-CoV-2
antigens and against antigens of other coronavirus strains in
the CCPs administered to patients who survived or died after
receiving CCP. We found that the largest differences in antibody
levels between patients who survived compared to those who died
were the IgGs against the spike proteins of two non-SARS-CoV-2
coronavirus strains, HCoV-OC43 and HCoV-HKU1 (Figure 2).

Figure 3 and Supplemental Table 1 summarize PBE values
for the 18 antibodies tested, computed while accounting for age
(when significant in a univariate analysis), sex, and time to CCP
administration. Prognostically, younger age (PBE range = 0.77 to
0.88 in the 18 fitted models), female sex (PBE range = 0.81 to
0.97), and plasma administration ≤3 days from COVID-19
diagnosis (PBE range = 0.84 to 0.98) were associated with
longer survival. For each of the two IgG antibodies targeting
HCoV-OC43 spike and HCoV-HKU1 spike, the PBE was 1.00.
Three SARS-CoV-2 specific antibodies had a PBE of 0.90 to 0.95.
TABLE 2 | COVID-19 related treatment and blood values.

N (%)

Plasma units administered
1 42 (95.5%)
2 2 (4.5%)

Other therapies
Remdesivir 32 (72.7%)
Tocilizumab 20 (45.5%)

Number of doses
0 24 (54.5%)
1 6 (13.6%)
2 12 (27.3%)
3 2 (4.5%)

Anakinra 11 (25%)
Steroids

no 5 (11.4%)
yes 39 (88.6%)

Vitamin C 6 (13.6%)
Zinc 5 (11.4%)

Maximum Oxygen intervention
Intubation 7 (15.9%)
High flow oxygen 14 (31.8%)
Nasal cannula 23 (52.2%)

Maximum blood test values (mean +/- SD)
CRP 150.16 ± 69.03
TNF 30.07 ± 27.08
IL6 294.74 ± 565.24
FERRITIN 3568.16 ± 5362.36
ANC 2.67 ± 2.21
A

B

FIGURE 1 | Estimated overall survival probability in females (A) and
males (B), stratified by time to plasma administration, ≤3 versus >3 days
of COVID-19 diagnosis.
April 2021 | Volume 12 | Article 675679
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Four antibodies, all of IgM isotype, had PBEs less than 0.80.
Separate models accounting for effects of Remdesivir and steroid
use again showed the two most beneficial antibodies, to be IgG
Frontiers in Immunology | www.frontiersin.org 5
anti HCoV-OC43 spike and IgG anti HCoV-HKU1 spike, each
with a probability of beneficial effect (PBE) of 1.00 for larger
levels of the antibodies in the plasma.
FIGURE 2 | Mean levels for each antibody, for patients who died in hospital (red) and survived to discharge (green). *, probability of beneficial effect = 1; #, data
available for 25 of 44 patients.
FIGURE 3 | Posterior probability of beneficial effect of a larger value of each antibody, accounting for age, sex, and time to CCP administration. #, data available for
25 of 44 patients.
April 2021 | Volume 12 | Article 675679
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Furthermore, as shown in Figure 4, we found that the
probability of survival to discharge was correlated with the
amount of IgG targeting HCoV-OC43 spike protein in the CCP,
after adjusting for sex and time to CCP administration. This trend
was seen in both male and female patients, as well as those who
received CCP ≤3 days from COVID-19 diagnosis and those who
received CCP >3 days from COVID-19 diagnosis. Similar findings
were found for HCoV-HKU1 (data not shown).
DISCUSSION

The aim of our study was to identify which CCP components may
confer a survival benefit for patients with moderate to severe
COVID-19 and quantify such benefits. Of note, we found that
higher levels of two IgG antibodies against coronavirus strains
besides SARS-CoV-2, which targeted HCoV-OC43 spike and
HCoV-HKU1 spike proteins, were associated with a higher
probability of being discharged alive from the hospital. In
separate regression analyses, the probable beneficial effect (PBE)
Frontiers in Immunology | www.frontiersin.org 6
was 1.00 for both antibodies, after adjusting for age, sex, and time
from COVID-19 diagnosis to CCP administration.

Larger studies have examined the effect of CCP on clinical
outcomes of COVID-19 patients. Our cohort was part of a large
study initiated at the Mayo Clinic that recently reported on
safety, and similar to our findings, did not find severe toxicity
associated with CCP infusions (16). The mortality rate within 4
hours of plasma infusion was 0.3% (63 cases of 20,000 patients),
and in our trial no deaths were recorded within this timeframe.
Patients with hematological malignancies in our study had a
mortality rate of 22.2%, which was somewhat higher than the
13.3% mortality in a larger comparative study (17). Salazar et al.
performed a prospective, propensity score matched study
looking at mortality within 28 days of receiving CCP in
COVID-19 patients and a matched control cohort who did not
receive the plasma. They showed a reduction in mortality
following CCP administration (18). Similar to our findings,
this improvement was seen particularly in the patients
transfused within 3 days of admission, and those with a higher
anti-SARS-CoV-2 spike protein antibody titer. The recently
A B

C D

FIGURE 4 | Posterior probability of surviving at least 30 days as a function of standardized HCoV-OC43 spike IgG antibody level, by sex and time to plasma
administration in females who received CCP ≤3 days (A), females who received CCP >3 days (B), males who received CCP ≤3 days (C), and males who received
CCP >3 days (D) from COVID-19 diagnosis.
April 2021 | Volume 12 | Article 675679
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published report of the Mayo Clinic study, which included 3,082
patients transfused with CCP, showed a reduction in mortality
for patients transfused within 3 days of COVID-19 diagnosis
(19). A meta-analysis of 128 studies, 10 of which were
randomized controlled trials, confirmed these findings, with
early transfusion time of ≤3 days of admission, and higher titer
of antibodies being associated with lower mortality (20).

These trials evaluated the effect of CCP on large patient
populations, but the specific components of CCP tested differ
between them. The Mayo Clinic study used a qualitative assay
(Ortho-Clinical Diagnostics VITROS Anti-SARS-CoV-2 IgG
chemiluminescent immunoassay) testing for the spike subunit
1 (S1) protein and showed that higher levels of this antibody
correlated with improved survival. Salazar et al. evaluated
antibodies aimed at the ectodomain and RBD components of
the SARS-CoV-2 spike protein and showed a reduction in
mortality that correlated with increasing anti-SARS-CoV-2
spike protein antibody titers. In our study, using the Maverick
SARS-CoV-2 Multi-Antigen Serology Panel, we evaluated levels
of antibodies against SARS-CoV-2 proteins and determined their
clinical benefit. We found that SARS-CoV-2 spike S1S2 IgG,
SARS-CoV-2 spike S1 RBD IgG and SARS-CoV-2 spike S1 IgG
had PBEs of 0.95, 0.93 and 0.91, respectively, which indicates that
these antibodies have a clinical benefit. However, somewhat
surprisingly and possibly due to the small sample size of 25
patients in whom those two antibodies were measured, the two
antibodies with the highest PBE = 1.00 were those targeting the
HCoV-OC43 and HCoV-HKU1 spike proteins, which are found
in previously reported strains of coronaviruses (21, 22).

SARS-CoV-2 has two known targets used to attach to the
host’s cells and begin the viral replication cycle. The most
extensively studied is the angiotensin-converting enzyme 2
(ACE2) receptor, to which the spike S1 RBD binds (23, 24).
Monoclonal antibodies targeting this domain are currently under
investigation as a possible therapeutic. Another point of
attachment, which is also common to other coronavirus strains
including HCoV-OC43 and HCoV-HKU1, is the ganglioside-
rich domain (GRD) binding site on the cell’s plasma membrane,
using the viral N-terminal domain (25, 26).

A study looking at the binding of HCoV-OC43 and HCoV-
HKU1 found a conserved 9-O-acetylated sialic acid receptor-
binding site as a common site for both strains, as part of a GRD
binding site within the spike protein (27). A possible explanation
of the beneficial effect of anti HCoV-OC43 and HCoV-HKU1
antibodies may be the targeting of the 9-O-acetylated sialic acid
receptor-binding site, or other sites common to SARS-CoV-2
and other coronavirus strains, which may be an improved target
for SARS-CoV-2 neutralization (28). This hypothesis is
supported by our finding that these antibodies had the highest
PBEs of all antibodies tested, including the commonly studied
SARS-CoV-2 S1 spike and RBD IgGs.

Some evidence exists as to the protective effect of prior
common coronavirus infections on the clinical course of
COVID-19. A recent trial looking at patients with a respiratory
PCR panel positive for one of 4 common coronavirus strains,
including HCoV-OC43 and HCoV-HKU1, and were then
Frontiers in Immunology | www.frontiersin.org 7
hospitalized with COVID-19, showed marked reduction in
intensive care utilization and mechanical ventilation, signifying
a milder disease course (29). There is evidence that patients may
have prior T cell immunogenicity against SARS-CoV-2, even
without a documented infection, which indicates T cell cross-
reactivity between the different strains (30, 31). However, to the
best of our knowledge, this is the first evidence that the transfer
of antibodies common to both SARS-CoV-2 and other
coronaviruses confers clinical benefit for COVID-19 patients.
This is especially important, as recent studies have not shown
benefit for monoclonal antibodies targeting the SARS-CoV-2
spike protein for hospitalized patients (4) and other targets may
confer better responses in patients with more severe disease. The
conserved 9-O-acetylated sialic acid receptor-binding site may be
an alternative target to other regions of the spike protein, which
have demonstrated rapidly developing mutations that may
render previous immunogenicity less effective (32, 33).

Our study has several limitations. Our cohort size was small
and did not include a comparative control cohort that did not
receive CCP. Thus, we could not calculate the relative effect of
each antibody compared to the others on the panel, but rather
had to run a statistical model for each antibody separately. A
larger cohort is needed to assess whether there is a correlation
between the different antibodies and if they may work
synergistically together. Moreover, the assay used to identify
the antibodies is a pan-IgG assay that does not detail the specific
sub-type of antibodies that neutralize the antigens, and thus
cannot provide information as to the type of antibody response
they elicit in the patient. Finally, as this study uses an ex-vivo
antibody detection assay, it is not possible to ascertain the exact
epitopes that the antibodies interact with, or how they may block
the viral entry into host cells. In view of these limitation, our
study may serve as an exploratory study leading to further
translational research that may assist in the development of
antibodies directed at sites common to both SARS-CoV-2 and
other coronaviruses, and paving the way for clinical intervention
trials evaluating effects of anti-HCoV-OC43 and HCoV-HKU1
antibodies in COVID-19 patients. This is especially relevant,
since previous studies have shown that using a combination of
antibodies may reduce the likelihood of mutations that allow for
viral resistance (1). Even if a vaccine proves to be an effective
preventative measure, it is likely that a certain proportion of
the population, particularly immunocompromised cancer
patients, may not be able to mount a robust immune reaction
and may need passive antibody administration to treat this
serious infection.

In conclusion, our study evaluated the levels of 18 different
antibodies found in patients who recovered from COVID-19,
and found anti-HCoV-OC43 and HCoV-HKU1 IgG antibodies
to have the highest estimated beneficial value, particularly if
given within 3 days of COVID-19 diagnosis. These antibodies,
possibly targeting a different domain than those studied thus far,
provide a new, promising therapeutic target for future
monoclonal antibody production. Larger interventional studies
are needed to confirm their clinical benefit and determine if there
is a synergistic effect with other antibodies.
April 2021 | Volume 12 | Article 675679
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