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We characterized the antibody composition of coronavirus dis-
ease 2019 (COVID-19) convalescent plasma (CCP) and the im-
munologic responses of hospitalized COVID-19 patients after
receiving CCP or nonimmune fresh frozen plasma. Despite se-
lection of CCP with significantly higher total immunoglobulin
G than recipients, neutralizing antibody levels did not differ be-
tween donor plasma and CCP recipients.
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Convalescent plasma has been used to treat coronavirus disease
2019 (COVID-19) and may hasten recovery through passive
transfer of antibodies that neutralize severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), enhancement of
antibody-dependent cytotoxicity, and otherimmunomodulation
factors. The US Food and Drug Administration (FDA) requires
a high immunoglobulin (Ig)G titer for COVID-19 convales-
cent plasma (CCP) [1]. COVID-19 convalescent plasma effi-
cacy may be influenced not only by antibody quantity but also
neutralizing activity, binding avidity, diversity of response, and
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antibody isotypes, which are not well characterized in CCP
[2]. It is notable that antibody avidity has been associated with
survival in a small cohort [3] and has been proposed as an ad-
ditional criterion for plasma donor selection [4]. Although
antibody dynamics have been characterized in patients with
COVID-19 infection, little is known about the spectrum of an-
tibody response after CCP receipt [3, 5], including the potential
for impaired humoral response, as has been reported after res-
piratory syncytial virus (RSV) passive immunization [6]. This
analysis aims to characterize the antibody composition of CCP
and antibody responses of COVID-19-infected individuals after
CCP receipt.

METHODS

We characterized antibodies from CCP units and CCP recipients
enrolled in a randomized, double-blinded, placebo-controlled
trial evaluating the efficacy and safety of CCP in hospital-
ized, hypoxic, nonventilated adults with confirmed COVID-
19 (ClinicalTrials.gov Identifier NCT04421404). Fresh frozen
plasma (FFP) served as a control because of plasma’s potential
impact on the coagulation cascade in COVID-19. Participants
enrolled in June through October 2020 at 2 hospitals in San
Francisco, California were randomized 1:1 to receive 1 unit of
convalescent plasma or nonimmune FFP (200-250 mL). We
selected CCP with the highest anti-SARS-CoV-2 IgG antibody
levels available. All units met FDA high titer criteria by VITROS
Anti-SARS-CoV-2 IgG assay (Ortho Clinical Diagnostics) [1].
Control FFP was collected before December 31, 2019 or con-
firmed negative for anti-SARS-CoV-2 antibodies.

Six antibody assays were measured from each unit of donor
plasma and recipients at study day 1 (before plasma administra-
tion) and from recipients on day 29. The VITROS Anti-SARS-
CoV-21gG, SARS-CoV-2 Reporter Viral Particle Neutralization
(Vitalant Research Institute), and SCoV-2 Detect IgA ELISA
(InBios International, Inc.) assays targeted the spike protein.
The Pylon COVID-19 IgG/IgM assay (ET Health) targeted the
spike protein receptor binding domain (RBD) and the nucle-
ocapsid protein [7]. An internal IgG avidity assay targeted the
RBD [8]. Nasopharyngeal swabs obtained on study days 1, 2,
5, and 8 were tested for SARS-CoV-2 viral load using quan-
titative polymerase chain reaction (PCR) (Integrated DNA
Technologies) and reported as cycle thresholds (CTs).

Antibody results are reported as medians and interquartile
ranges (IQRs). Antibody levels and PCR CTs were compared be-
tween groups using Mann-Whitney non-parametric ¢ tests and be-
tween time points using paired Wilcoxon rank-sum tests. P < .05
was considered statistically significant. Results from the primary
endpoint will be reported through the COMPILE consortium [9].
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Patient Consent Statement

Participants provided written consent for study inclusion. This
study was approved by the Advarra Institutional Review Board
and FDA under Investigational New Drug (IND) 21774.

RESULTS

In this study, we enrolled 34 study participants: 16 received
CCP and 18 received nonimmune FFP. The investigators and
study monitoring committee closed the study before com-
pleting target enrollment due to declining COVID-19 cases in
San Francisco in October 2020. Baseline characteristics were
similar between the 2 groups (Table 1). Median symptom du-
ration before transfusion was 8 days among CCP recipients and
9 days among FFP recipients. A total of 8.8% of participants
were transfused within 3 days of symptoms and 41.2% within
7 days. A total of 94.1% received remdesivir and 20.6% received
dexamethasone per local treatment guidelines.

All 6 antibody assays were available on 100% of plasma units,
82.4% of recipients on day 1, and 58.8% of recipients on day 29.
Among participants with baseline Vitros IgG results, IgG reac-
tivity was detected in 19 of 28 (67.9%) before transfusion. There
were no significant differences for any of the 6 assays between
participants who reported <7 days of symptoms and those with
>7 days (Supplementary Figure). Donor plasma median IgG
was significantly higher than recipient baseline IgG: 1025.0
relative fluorescence units (RFU) (IQR, 766.0-1465.0) vs 38.0
RFU (IQR, 5.8-161.0), P < .05 by Pylon IgG and 16.63 signal-
to-cutoff ratio (S/CO) (15.75-20.78) vs 3.42 S/CO (0.43-11.78),
P < .05 by Vitros IgG (Figure 1A). Median IgG avidity was
also higher in donor plasma than recipients at baseline: 69.0%
(47.8-82.8) versus 0.0% (0.0-47.0), P < .05. Conversely, the me-
dian neutralizing antibody level did not differ between donor
plasma and recipients: 553.6 inhibitory concentration of 50%
(IC,) (358.0-809.6) vs 1105.0 IC_, (1518.0-2292.0), P = .47.
It is notable that recipient neutralizing antibody values varied
substantially, ranging from 0.0 to 11358.2 IC_ .

In CCP recipients, median IgG and avidity levels signif-
icantly increased from day 1 to day 29, but neutralizing anti-
body, IgA, and IgM levels did not (Figure 1B). Median Pylon
IgG was 21.5 RFU (IQR 4.3-138.8) at baseline compared to
1679.0 RFU (1006.0-2291.0), P < .05 at day 29, and median
Vitros IgG increased from 2.51 S/CO (0.08-8.08) to 21.66 S/
CO (20.58-23.30), P < .05. Avidity increased from 0.0% (0.0-
42.3) to 67.5% (55.5-79.5), P < .05. Median neutralizing anti-
body level was 295.5 IC, (123.0-1288.0) at baseline compared
to 1518 IC_ (919.3-3955), P = .56 at day 29. However, none of
the median antibody levels differed significantly between CCP
recipients and FFP recipients at day 29.

Quantitative PCR was completed in 32 of 34 (94.1%) recipi-
ents. Two FFP recipients and 1 CCP recipient had undetectable
viral loads at baseline, and the median CT was 24.0 (20.4-27.9)

Table 1. Baseline Demographics and Clinical Characteristics of Study
Participants

Convalescent

Plasma Group FFP (Control)
Characteristics (n=16) Group (n = 18)
Sex, N (%)
Female 10 (63%) 9 (560%)
Male 6 (38%) 9 (50%)
Age, median years (IQR) 52 (40-64) 62 (49-74)
Ethnicity, N (%)
Hispanic or Latino 12 (75%) 11 (65%)
Not Hispanic or Latino 4 (25%) 6 (35%)
Race, N (%)
American Indian/Alaska Native 0 (0%) 1(6%)
Asian 2 (13%) 2 (11%)
Black or African American 1 (6%) 1(6%)
Unknown/ Not Reported 10 (63%) 9 (50%)
White 3(19%) 5 (28%)
Coexisting Medical Conditions, N (%)
Obesity 3 (19%) 4 (22%)
Diabetes 6 (38%) 4(22%)
Hypertension 4 (25%) 7 (39%)
CHF and CAD 2 (13%) 2 (11%)
Chronic lung disease or asthma 2 (13%) 3(17%)
Cancer 1(6%) 2 (11%)
Pregnancy 2 (13%) 1(6%)
Days of Symptoms Before Transfusion, 8 (6-9) 9 (5-10)
Median (IQR)
Timing of Plasma Administration, N (%)
Within 3 days of symptom onset 2 (13%) 1(6%)
Between 3 and 7 days of symptom 4 (25%) 7 (39%)
onset
Greater than 7 days since symptom 10 (63%) 10 (56%)
onset
WHO 8-Point Ordinal Scale Score, N (%)
3 (hospitalized, no O,) 2 (13%) 0(0%)
4 (hospitalized, low-flow supplemental 10 (63%) 16 (89%)
0,
5 (hospitalized, high-flow supple- 4 (25%) 2 (11%)
mental O,)
Therapeutics
Remdesivir 16 (100%) 16 (89%)
Dexamethasone 4 (25%) 3(17%)
Baseline IgG reactivity (Ortho Vitros IgG)
Nonreactive (S/CO <1) 6 (38%) 3 (17%)
Reactive (S/CO =1) 8 (560%) 11 (61%)
Missing baseline Ortho Vitros IgG data 2 (13%) 4 (22%)
Baseline IgG value, median S/CO (IQR) 2.5 (0.1-8.1) 75 (1.8-16.7)

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; IgG, immuno-
globulin G; FFR nonimmune fresh frozen plasma; IQR, interquartile range; S/CO, signal-to-
cutoff ratio; WHO, World Health Organization.

in the remaining participants. Polymerase chain reaction CT
did not correlate with symptom duration (Pearson r = 0.013;
95% confidence interval, —0.36 to 0.38); see Figure 1C. There
were no significant differences between groups in the propor-
tion with undetectable virus or the median CT values at days 2,
5, and 8 (Figure 1D). There was a nonsignificant trend towards
lower viral load at days 2 and 5 in the FFP recipients.
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Figure 1. Antibody (Ab) composition of high titer coronavirus disease 2019 (COVID-19) convalescent plasma (CCP) and antibody and viral load dynamics in COVID-19 pa-
tients who received CCP or nonimmune fresh frozen plasma (FFP). (A) Immunoglobulin (Ig)A, IgM, IgG, avidity, and neutralizing antibody levels in donor plasma and study
participants at baseline (before transfusion). (B) Immunoglobulin A, IgM, IgG, avidity, and neutralizing antibody levels at day 1 and day 29 stratified by CCP and FFP group. (C)
Baseline severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) quantitative polymerase chain reaction (PCR) cycle threshold by days since symptom onset (r = 0.01).
(D) Median SARS-CoV-2 quantitative PCR cycle threshold in CCP recipients compared with FFP recipients at day 1 (before transfusion), day 2, day 5, and day 8. Dotted hor-
izontal lines on each graph denote positivity cutoff for each assay (there is no cutoff for the avidity assay). * = statistically significant, P< .05. r = Pearson correlation coef-
ficient. IC,,, inhibitory concentration of 50%; ns, not significant; 0D, optical density 50; RFU, relative fluorescent units; RLU, relative light unit; RVPN, reporter viral particle

neutralization; S/CO, signal-to-cutoff ratio.

DISCUSSION

Studies suggest that CCP is most beneficial when adminis-
tered to high-risk patients early in infection [10]. We present
additional evidence that CCP specifically selected for higher
IgG levels did not inhibit the humoral immune response to
SARS-CoV-2, supporting the reassuring safety profile of CCP
[11]. Compared to antibodies present in plasma recipients, the
spectrum of antibodies in high-titer CCP differed in type and
activity. The robust IgG and avidity levels exceeded existing an-
tibody levels in recipients, suggesting that high-titer IgG was
an appropriate surrogate for high avidity. There were no dif-
ferences between IgA, IgM, and neutralizing antibody levels in
CCP units and recipients at baseline. Although units of CCP
were specifically selected to ensure higher IgG levels, they did

not provide neutralizing antibody levels consistently higher
than those of recipients.

Neutralizing activity may decline in the months after infec-
tion; thus, plasma collected later in recovery may have lower
neutralizing antibody levels despite persistently elevated IgG
[12, 13]. Donor time from infection to plasma collection was
unavailable, but neutralizing antibodies may have waned if sig-
nificant time elapsed between COVID-19 recovery and CCP
donation. In addition, many participants enrolled later in
their disease course, already had detectable neutralizing anti-
body levels, and were unlikely to benefit from passive antibody
transfer. Neutralizing antibody assays are not standardized and
the clinical implications of lower concentrations are unclear. The
range of neutralizing antibodies highlights the heterogeneity of
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CCP and the difficulty of standardizing based on a single ele-
ment like IgG titer.

In participants who received CCP, there was a significant
increase in IgG and avidity levels from day 1 to day 29 that
did not differ from the antibody increases in the FFP group.
More importantly, we found no evidence that CCP impaired
participants’ native humoral response, as has been postu-
lated based on RSV convalescent plasma experience [6].
Coronavirus disease 2019 convalescent plasma did not pro-
duce a more robust humoral response to COVID-19, nor
did it reduce viral load in the nasopharynx more than FFP.
Indeed, there was a trend towards a steeper decline in SARS-
CoV-2 viral load in the FFP arm. The lack of correlation
between symptom duration and viral load may reflect heter-
ogenous viral shedding and also highlights the subjectivity of
patient-reported symptom onset.

Strengths of our study include an extensive analysis of an-
tibody isotypes and functional activity to characterize both
the composition of high-titer CCP and the recipient immune
response before and after CCP or control FFP infusion. This
study was limited by the small sample of hospitalized, hypoxic
patients. Most participants were beyond 72 hours of symptom
onset, the period when studies suggest that CCP is most likely
to be beneficial [10]. Antibody testing was not available for all
participants at each timepoint. Antibody dynamics between
study days 1 and 29 may have been missed. Finally, data on the
timing of CCP donation compared to initial COVID-19 infec-
tion were unavailable.

CONCLUSIONS

In summary, CCP specifically selected for higher IgG levels did
not promote or inhibit the humoral immune response to SARS-
CoV-2 by day 29. These findings may be relevant to the set-
tings in which CCP may have a role for COVID-19 treatment,
such as within 72 hours in high-risk elderly patients [10] and in
those with impaired humoral immunity, or for COVID-19 use
as passive immunization. Future studies of CCP could consider
selection of plasma with high neutralizing antibodies in addi-
tion to overall high IgG, which correlated with higher avidity,
to maximize activity. The contribution of neutralizing activity
to the clinical efficacy of convalescent plasma merits further
evaluation.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility

of the authors, so questions or comments should be addressed to the
corresponding author.

Acknowledgments

We thank the patients and their families for their participation in the
study, Vitalant Research Institute and Stanford Blood Center for their col-
laboration, and the following study staff for their efforts: Victor Arechiga,
Pierre Cedric-Crouch, Jay Dwyer, Elnaz Eilkhani, Emily Fehrman, Hannah
Jang, Kelvin Moore, Rebecca Park, Luis Reyes-Umana, Shreya Swaminathan,
Justin Teraoka, and Jaime Velasco.

Financial support. This work was funded by the Marti and Steve
Diamond Charitable Foundation and the UCSF COVID-19 Response Fund.

Potential conflicts of interest. A. E. L. has received research funding from
the Marti and Steve Diamond Charitable Foundation, Gilead, Eli Lilly, and
EMD Serono. P. Y. H. has received research funding from the Marti and
Steve Diamond Charitable Foundation and Novartis and personal fees from
Gilead and Merck. S. B. D. has received research funding from Gilead, is a
consultant for Genentech, and is a clinical events committee member for
Basilea. M. E has received research funding from Novartis and Vatic, Ltd.
C.D. G, P.J. N, and G. S. are employees of Vitalant Research Institute.
All authors have submitted the ICMJE Form for Disclosure of Potential
Conlflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Hinton DM. FDA convalescent plasma EUA letter of authorization. Available at:
https://www.fda.gov/media/141477/download. Accessed 21 April 2021.

2. Casadevall A, Pirofski L, Joyner MJ. The principles of antibody therapy for infec-
tious diseases with relevance for COVID-19. mBio 2021; 12:e03372-20.

3. Tang J, Grubbs G, Lee Y, et al. Impact of convalescent plasma therapy on SARS
CoV-2 antibody profile in COVID-19 patients. Clin Infect Dis 2021; ciab317.

4. Benner SE, Patel EU, Laeyendecker O, et al. SARS-CoV-2 antibody avidity re-
sponses in COVID-19 patients and convalescent plasma donors. J Infect Dis
2020; 222:1974-84.

5. Robbiani DE, Gaebler C, Muecksch F, et al. Convergent antibody responses to
SARS-CoV-2 in convalescent individuals. Nature 2020; 584:437-42.

6. Crowe JE Jr, Firestone CY, Murphy BR. Passively acquired antibodies suppress
humoral but not cell-mediated immunity in mice immunized with live attenuated
respiratory syncytial virus vaccines. ] Immunol 2001; 167:3910-8.

7. Lynch KL, Whitman JD, Lacanienta NP, et al. Magnitude and kinetics of anti-
severe acute respiratory syndrome coronavirus 2 antibody responses and their
relationship to disease severity. Clin Infect Dis 2021; 72:301-8.

8. Luo YR, Chakraborty I, Yun C, et al. Kinetics of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) antibody avidity maturation and association
with disease severity. Clin Infect Dis 2020; ciaal389.

9. Troxel AB. Continuous monitoring of pooled international trials of convalescent
plasma for COVID-19 hospitalized patients. Available at: https://med.nyu.edu/
departments-institutes/population-health/divisions-sections-centers/biostatis-
tics/research/continuous-monitoring-pooled-international-trials-convalescent-
plasma-covid19-hospitalized-patients. Accessed 21 April 2021.

10. Libster R, Pérez Marc G, Wappner D, et al; Fundacién INFANT-COVID-19
Group. Early high-titer plasma therapy to prevent severe Covid-19 in older adults.
N Engl ] Med 2021; 384:610-8.

11. Bradfute SB, Hurwitz I, Yingling AV, et al. Severe acute respiratory syndrome co-
ronavirus 2 neutralizing antibody titers in convalescent plasma and recipients in
New Mexico: an open treatment study in patients with coronavirus disease 2019.
J Infect Dis 2020; 222:1620-8.

12. Wu E Liu M, Wang A, et al. Evaluating the association of clinical characteris-
tics with neutralizing antibody levels in patients who have recovered from mild
COVID-19 in Shanghai, China. JAMA Intern Med 2020; 180:1356-62.

13. Wang K, Long Q-X, Deng H-J, et al. Longitudinal dynamics of the neutralizing
antibody response to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection. Clin Infect Dis 2020; 73:e531-9.

4 « OFID « BRIEF REPORT


https://www.fda.gov/media/141477/download
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients

