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BACKGROUND: The lack of effective treatments
against the 2019 coronavirus disease (COVID-19) has
led to the exploratory use of convalescent plasma for
treating COVID-19. Case reports and case series have
shown encouraging results. This study investigated
SARS-CoV-2 antibodies and epidemiological
characteristics in convalescent plasma donors, to identify
criteria for donor selection.

METHODS: Recovered COVID-19 patients, aged 18-

55 years, who had experienced no symptoms for more than
2 weeks, were recruited. Donor characteristics such as
disease presentations were collected and SARS-CoV-2 N-
specific IgM, IgG, and S-RBD-specific IgG levels were
measured by enzyme-linked immunosorbent assay (ELISA).
RESULTS: Whereas levels of N-specific IgM antibody
declined after recovery, S-RBD-specific and N-specific
IgG antibodies increased after 4 weeks from the onset of
symptoms, with no significant correlation to age, sex, or
ABO blood type. Donors with the disease presentation of
fever exceeding 38.5°C or lasting longer than 3 days
exhibited higher levels of S-RBD-specific IgG antibodies
at the time of donation. Of the 49 convalescent plasma
donors, 90% had an S-RBD-specific 1gG titer of >1:160
and 78% had a titer of =1:640 at the time of plasma
donation. Of the 30 convalescent plasma donors, who
had donated plasma later than 28 days after the onset of
symptoms and had a disease presentation of fever
lasting longer than 3 days or a body temperature
exceeding 38.5°C, 100% had an S-RBD-specific IgG titer
of =1:160 and 93% had a titer of >1:640.
CONCLUSION: This study indicates that the S-RBD-
specific IgG antibody reaches higher levels after 4 weeks
from the onset of COVID-19 symptoms. We recommend
the following selection criteria for optimal donation of
COVID-19 convalescent plasma: 28 days after the onset
of symptoms and with a disease presentation of fever
lasting longer than 3 days or a body temperature
exceeding 38.5°C. Selection based on these criteria can
ensure a high likelihood of achieving sufficiently high S-
RBD-specific IgG titers.

1,2

novel human coronavirus, identified as Severe
Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), has rapidly spread across the
world, resulting in an international COVID-19
pandemic. The World Health Organization (WHO) has
announced that the outbreak of the novel coronavirus con-
stitutes a global public health emergency. The full spectrum
of COVID-19 symptoms ranges from mild, self-limiting
respiratory tract illnesses to severe progressive pneumonia,
multi-organ failure, and death.! Unfortunately, no specific
therapeutic agents or vaccines for COVID-19 are available,
apart from Lopinavir-Ritonavir, which may be a promising
treatment.” Several other therapies such as remdesivir and
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favipiravir are under investigation, but the antiviral effects
of these drugs are not fully known.*>*

Passive immunization for the treatment of human
infectious diseases can be traced back to the past century.’
Convalescent plasma has been tried to fight pathogens
including Severe Acute Respiratory Syndrome Coronavirus
(SARS-CoV),® Ebola virus,” Middle East Respiratory Syn-
drome Coronavirus (MERS-CoV),® and avian influenza A
(H5N1) virus.® Few studies, however, have been conducted
on the selection of donors to ensure therapeutic potency in
convalescent plasma.'® In 2007, the WHO Blood Regulators
Network (BRN) issued a guidance document on the selec-
tion of donors in a pandemic.'’ The recent COVID-19 out-
break worldwide has prompted the exploratory use of
convalescent plasma in treating COVID-19; and case reports
and case series have shown encouraging results.'> '

SARS-CoV-2 is an enveloped virus with four structural
proteins: spike (S) protein, membrane (M) protein,
enveloped (E) protein, and nucleocapsid (N) protein.'* The
S protein receptor-binding domain (RBD) has been identi-
fied as a key target for therapeutic antibodies, as it plays
essential roles in tropism and virus entry into host cells and
can induce neutralizing antibodies and protective immu-
nity.w_m

To collect high-quality convalescent plasma, potential
donors with appropriate characteristics should donate
plasma at the proper time. The selection of convalescent
plasma donors and the timing of their donations are impor-
tant to ensure therapeutic potency. In this study, we col-
lected demographic information and health history from
COVID-19 convalescent plasma donors and investigated rel-
evant viral serology, to identify the appropriate selection
criteria for convalescent plasma donors.

METHODS

This study was conducted at the Blood Center of Wuhan,
China, from February 12, 2020, to March 2, 2020. All conva-
lescent plasma donors provided written informed consent.
The study was approved by the Ethics Review Committee of
the Institute of Blood Transfusion, Chinese Academy of
Medical Sciences.

Donor recruitment and sample collection

Patients who had recovered from COVID-19 were recruited
as blood donors for this study. All patients aged 18-55 who
had a confirmed COVID-19 diagnosis in Wuhan, China as
of February 12, 2020 were identified by searching hospital
records. Prospective study subjects were contacted by
phone to assess interest and study eligibility. Study eligibil-
ity was determined using a COVID-19-specific health history
questionnaire based on the following criteria: 1) aged 18-
55 years; 2) eligible for blood donation; 3) diagnosed with
COVID-19;'° 4) had two subsequent negative COVID-19
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nasopharyngeal swab tests based on PCR (at least 24 hours
apart); 5) had been discharged from the hospital for more
than 2 weeks; and 6) had no COVID-19 symptoms prior to
convalescent plasma donation.

Demographic information on the donors was collected,
including sex, age, initial symptoms, duration of the disease,
presence and duration of fever, and ABO blood type.

Donor testing samples were collected on the day(s) of
intended convalescent plasma donation, stored at 4°C, and
processed within 4 hours.

Routine donor testing

We tested for infectious pathogens according to the Chinese
national quality standards for blood establishment technical
procedures (2019 edition).?® We conducted ELISA testing
for anti-HIV1/2, anti-HCV, syphilis antibody, and HBs Ag;
we performed NAT testing for HIV, HBV, and HCV.

Testing for SARS-CoV-2 nucleic acid

All donor samples were tested for the SARS-CoV-2 RNA by
quantitative RT-PCR using the PerkinElmer New Coronavi-
rus Nucleic Acid Detection Kit (PerkinElmer Healthcare

TABLE 1. Demographics, baseline characteristics
and clinical symptoms of 49 donors
Donors (n = 49)
Age, years
Mean + SD 37+77
Range 25-54
<29 6 (12%)
30-39 27 (55%)
40-49 11 (23%)
=50 5 (10%)
Sex
Male 33 (67%)
Female 16 (33%)
Severity of disease*
Mild 24 (49%)
Moderate 25 (51%)
Severe 0 (0%)
Signs and symptoms
Fever 39 (80%)
Cough 30 (61%)
Shortness of breath 10 (20%)
Muscle ache 19 (39%)
Diarrhea 13 (27%)
More than one sign or symptom 43 (88%)
Fever and cough 27 (49%)
Fever and shortness of breath 10 (20%)
Fever and muscle ache 16 (33%)
Time of disease onset to donation, days
Mean + SD 37.8+83
Range 23-58
<28 5 (10%)
28-34 14 (28%)
35-41 15 (31%)
=42 15 (31%)
* The definition of disease classification was based on the Chi-
nese diagnosis and treatment guidelines for the new coronavi-
rus pneumonia (trial version 5)."°
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Fig. 1. Nonlinear regression (curve fit) of SARS-CoV-2 antibodies levels. (A) The correlation between the time from disease onset to
plasma donation and N-specific IgM antibody level. There is an inverse correlation (r = —0.3591, p = 0.0056). (B) The correlation
between the time from disease onset to plasma donation and N-specific IgG antibody level. There is a positive correlation (r = 0.2635,

p = 0.0352). (C) The correlation between the time from disease onset to plasma donation and S-RBD-specific IgG antibody level. There is
a positive correlation (r = 0.4540, p = 0.0011). (D) The S-RBD-specific IgG antibody level at less than 28 days, 28-34 days, 35-41 days, and
more than 42 days after disease onset. (E) The level of N-specific IgM, IgG, and S-RBD-specific IgG antibodies during recovery time. The
values are presented as the mean + SD. *p < 0.05, **p < 0.01; NS, nonsignificant. [Color figure can be viewed at wileyonlinelibrary.com]

Diagnostics Co., Ltd.). The assays were performed according
to the manufacturer’s instructions.

Detection of N-specific IgM and IgG antibodies

N-specific IgM and IgG antibodies were tested for using the
enzyme-linked immunosorbent assay (ELISA) (Livzon

Pharmaceutical Group) according to the manufacturers’
instructions.

Detection of S-RBD-specific IgG antibody

The S-RBD-specific IgG ELISA assay was developed in-
house. In brief, we coated 96 well plates (Thermo Scientific)
with 100ng of recombinant RBD polypeptides (Sino
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Biological) per well. After overnight coating, the coating
solution was decanted from the plates and non-specific
activity was blocked with PBS containing 1% skim milk at
37°C for an hour. Plasma samples were diluted 160, 320,
640, and 1280 folds with 0.5% Triton X-100 phosphate-buff-
ered saline and 5% fetal calf serum (Gibco) and added to
the plates. After washing, mouse-to-human secondary anti-
bodies were added to the plates; we observed the plates for
the horseradish peroxidase reaction. The OD values were
calculated by measuring the change in the absorbance at
450 nm and 630 nm using an automatic microplate reader
(Sunrise, Tecan GmbH). Results were reported as the S/CO
value, calculated as the ratio of the OD value to the cutoff
value. Titers were reported as the highest dilution when the
ELISA assay was still positive and ranged between 1:160 and
1:1280 (ELISA endpoint dilution titers).

Correlation of the S-RBD-specific IgG ELISA and
SARS-CoV-2 viral neutralization assay

We isolated SARS-CoV-2 virus from a COVID-19 patient.
The virus was cultured on Vero cells (American Tissue

A B

ok

Culture Collection [ATCC], CCL-81) and the viral neutraliza-
tion activity was determined based on TCID50 (Median Tis-
sue Culture Infectious Dose).21 In brief, we incubated study
subjects’ sera at 56°C for 30 minutes to deactivate the com-
plements and then diluted serially from 1:10, 1:20, 1:40,
1:80, to 1:160. The diluted serum was mixed with equal vol-
umes of SARS-CoV-2 virus at a dose of 100 TCID50, then
incubated at 37°C for one hour. The mixture was added in
quadruplicates to Vero cells cultured in 96-well microtiter
plates, then removed after 1 hour and replaced with 200 mL
fresh growth medium. Serum samples from healthy volun-
teers were used as the control. The cytopathic effect was
observed 5 days after incubation. The neutralizing antibody
titers were calculated using the Reed-Muench method.?"

Statistical analysis

Statistical analysis was performed using GraphPad Prism 5.0
(GraphPad Software Inc.). Pearson’s r or Spearman rank-
order correlation was used for correlations. Nonlinear
regression (curve fit) analysis was performed on the
changes of antibody levels over time. One-way analysis of

C

NS

18+
16+

NS

1

18+
164
14
12

S-RBD-specific IgG (S/CO value)
S-RBD-specific IgG (S/CO value)

Duration of fever (Days)

S-RBD-specific IgG (S/CO value)

D
o
o

Age (years old)

1-

.. — ¢
24 —— . 2
0 . : 0
A? X o o o
5 55 5 o
A & o v
S o
Maximum fever temperature (C)
NS
e -~
o 187 ©
] 3
519 s
144 o
8 3
o 124 . H 7]
@ e e
o 101 i o
2 g —_— 2
e 7 K Q
D L— e
5 6 T S
a 24 a
0 . 0
& 0 : seges 2
n )

o AB

ABO blood type

Fig. 2. Correlation of donor characteristics and S-RBD-specific IgG antibody. (A) The S-RBD-specific IgG antibody level in non-febrile
(<37.5°C), mild-febrile (37.5-38.4°C), moderate-febrile (38.5-39.4°C), and extreme-febrile (>39.5°C) donors. (B) The S-RBD-specific IgG
antibody level in donors with fevers lasting <3 days, 3-7 days, and >8 days. (C) The S-RBD-specific IgG antibody level of donors <30 years
old, 30-39 years old, 40-49 years old, and >50 years old. (D) The S-RBD-specific IgG antibody level in male and female donors. (E) The S-
RBD-specific IgG antibody level of A, B, O, and AB blood type donors. The differences between the groups were analyzed using the

Newman-Keuls test and values are presented as the mean + SD. *p < 0.05, **p < 0.01; NS, nonsignificant.
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variance followed by the Newman-Keuls test was used for
comparison of all pairs. A p value of less than 0.05 was con-
sidered statistically significant.

RESULTS

Donor characteristics

In this study, 49 convalescent plasma donors were recruited
successfully, including 33 males and 16 females. The
median age was 37 years (IQR, 25-54 years). The most com-
mon self-reported symptoms at the onset of illness were
fever (39, 80%) and cough (30, 61%). Other symptoms
included shortness of breath, muscle aches, and diarrhea.
The majority (43, 88%) of patients presented with more than
one symptom, 27 (55%) had a fever with cough, 16 (33%)
had a fever with muscle aches, and 10 (20%) had a fever
and shortness of breath (Table 1). The average time from
the onset of symptoms to plasma donation was 37.8 days
(IQR, 23-58 days). All plasma samples were negative for
SARS-CoV-2 nucleic acid and the transfusion transmitted
pathogens tested.

The trend of changes over recovery time

Changes in N-specific IgM levels showed a decreasing
trend and had a negative correlation with time from the
onset of symptoms to the plasma donation (r = —0.3591,
p = 0.0056) (Fig. 1A). Changes in N-specific IgG-levels

showed an upward trend and had a positive correlation
with time from the onset of symptoms to the plasma dona-
tion (r = 0.2635, p = 0.0352) (Fig. 1B). S-RBD-specific IgG
showed similar results (r = 0.4540, p = 0.0011) (Fig. 1C).
The heat map of these antibodies over time also showed
that the levels of S-RBD-specific IgG antibody in donors
gradually increased, while N-specific IgM antibody gradu-
ally decreased and remained at a lower level (Fig. 1E). To
further confirm the trend of S-RBD-specific IgG antibody
changes over time, we analyzed antibody levels according
to different recovery times. The levels of S-RBD-specific
IgG antibodies were lower in donors who donated within
28 days from the onset of symptoms than in those who
donated later than 28 days from the onset of symptoms.
The difference was statistically significant, with a p value of
0.012 (Fig. 1D).

Correlation of S-RBD-specific IgG antibody and
SARS-CoV-2 viral neutralization assay

We performed a correlation study between the SARS-CoV-2
viral neutralization titer and the S-RBD-specific IgG anti-
body titer. The results indicated a positive correlation
(r = 0.6222, p = 0.0308) between the two assays. A serum
neutralization titer of 1:80 is approximately equivalent to a
titer of 1:1280 for S-RBD-specific IgG.
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Fig. 4. The proportion of S-RBD-specific IgG antibody titers. (A) The proportion of S-RBD-specific IgG antibody titers in 49 donors. (B)
The proportion of S-RBD-specific IgG antibody titers in 30 donors with a fever lasting longer than 3 days or body temperatures

exceeding 38.5°C at disease presentation and with more than 4 weeks after symptoms. [Color figure can be viewed at
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Correlation of donor characteristics and S-RBD-
specific IgG antibody

A recent study has demonstrated that SARS-CoV-2 viral
neutralization activity is correlated with the S-RBD-specific
IgG antibody.?* We assessed the correlation of the level of
S-RBD-specific IgG antibody to donor factors including age,
sex, initial symptoms, body temperature and duration of
fever, and ABO blood type. The results showed that donors
with high fevers exceeding 38.5°C or with fever lasting lon-
ger than 3 days had a high level of S-RBD-specific IgG
(Fig. 2A, B). Notable, changes in antibody levels were not
correlated to age, sex, or blood type (Note: we collected only
one case of type AB) (Fig. 2C, D, and E).

Optimal selection of COVID-19 convalescent plasma
donors

To obtain optimal convalescent plasma donor selection
criteria, we analyzed the titer distribution of the S-RBD-spe-
cific IgG antibody in convalescent plasma donors under dif-
ferent selection conditions. Among the 49 convalescent
plasma donors, 90% had a titer of >1:160 and 78% had a
titer of >1:640. Based on the selection criterion of donating
plasma 4 weeks after the onset of symptoms, there were 42
convalescent plasma donors, of whom 90% had a titer of
>1:160 and 84% had a titer of 21:640. Considering the addi-
tional selection criterion of a fever lasting longer than 3 days
or a body temperature exceeding 38.5°C, there were 30 con-
valescent plasma donors, of whom 100% had a titer of
>1:160 and 93% had a titer of >1:640 (Fig. 3). Of these, 29
donors had fever lasting longer than 3 days, and 27 donors
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had body temperatures exceeding 38.5°C during the fever
(Fig. 3). Figure 4 shows the antibody titer distribution before
and after the selection.

DISCUSSION

The COVID-19 pandemic has become a major public health
challenge around the world. The use of convalescent plasma
may be an effective and safe treatment option to help con-
trol the COVID-19 pandemic.'>** There are now thousands
of recovered COVID-19 patients who could donate conva-
lescent plasma. Establishing optimal selection criteria for
COVID-19 convalescent plasma donors is necessary to
ensure convalescent plasma therapeutic potency and to
optimize collection efficiency.

Here we have proposed a donor selection strategy for
COVID-19 convalescent plasma collection. A total of 49 con-
valescent plasma donors were analyzed, all of whom had
mild or moderate COVID-19 symptoms. At least 14 days
after symptom resolution, we collected the convalescent
plasma and analyzed SARS-COV-2 antibodies.

This study compares the changes of N-specific IgM,
IgG, and S-RBD-specific IgG antibody levels over time. Our
data show that N-specific IgM antibody levels continued to
decline after 3 weeks of SARS-COV-2 infection and reached
low levels after 6 weeks. At the same time, S-RBD-specific
and N-specific IgG antibodies exhibited an upward trend
and continued to rise after 4 weeks from the onset of symp-
toms, which was consistent with the study by Ling et al.**
Interestingly, the trends in increase showed by S-RBD-spe-
cific and N-specific IgG antibodies were not quite the same;
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the former were more dramatic while the latter were milder.
A recent study by Walls et al found that SARS-CoV S-murine
polyclonal antibodies potently inhibit SARS-CoV S mediated
entry into cells and induce the production of protective neu-
tralizing antibodies targeting S epitopes.”> The RBD of Mid-
dle East respiratory syndrome coronavirus (MERS-CoV), as
a vaccine antigen, has been shown to induce neutralizing
antibodies and protect mice transduced with a viral vec-
tor.”® Thus, we predict that S-RBD-specific IgG may be a
protective antibody and that its level would significantly
increase in recovered patients. Cao et al. studied SARS-CoV
neutralizing antibody titers in 56 patients who recovered
from SARS-CoV infections.?” Their findings show that SARS-
CoV IgG and neutralizing antibodies peaked at 4 months
and then declined, reaching undetectable levels in 25.6%
(IgG) and 16.1% (neutralizing antibodies) of study subjects
at 36 months. Our observed positive correlation between S-
RBD-specific IgG titer and viral neutralization titer is assur-
ing. Ideally, COVID-19 convalescent plasma products
should be measured with viral neutralization antibody titer
to ensure product potency. However, viral neutralization
assay is time-consuming to perform and requires the use of
Level 3 bio-safety cabinets, thus limiting its use in routine
practice as a quality measurement for convalescent plasma.
Using S-RBD-specific IgG titer as a surrogate marker for
viral neutralization titer is far more practical and brings con-
valescent plasma product quality control for potency a step
closer to reality.

Moreover, we observed a correlation between donor
characteristics and S-RBD-specific IgG antibody. We found
that donors who experienced disease symptoms including a
body temperature exceeding 38.5°C or a fever lasting longer
than 3 days had higher levels of S-RBD-specific IgG antibody
titers in convalescent plasma. Although a recent study indi-
cates that people with blood group A have a significantly
higher risk of acquiring COVID-19, whereas blood group O
has a significantly lower risk for the infection,?® our study did
not show a significant correlation between S-RBD-specific
IgG antibody and age, sex, or donor blood type.

Based on the results of this study, optimal COVID-19
convalescent plasma donors with high S-RBD-specific IgG
antibody levels (and most likely higher virus neutralization
activity) can be selected based on the following criteria: dis-
ease symptoms comprising a fever lasting longer than
3 days or a body temperature exceeding 38.5°C. Providing
additional selection criterion of donating plasma 4 weeks
after the onset of symptoms could help achieve even higher
S-RBD-specific IgG antibody levels.

Key elements to ensure an adequate supply of high-
quality COVID-19 convalescent plasma products include the
following: donor recruitment and selection, convalescent
plasma collection, and product evaluation and quality con-
trol for the presence of adequate protective antibodies and
the absence of transfusion transmitted pathogens. More
studies, guidance, and regulations are needed to refine

COVID-19 CONVALESCENT PLASMA DONORS

operation and product requirements for COVID-19 conva-
lescent plasma. This study also suggests that the antibody
titers from asymptomatic individuals who are incidentally
found to be positive for IgG antibodies to SARS-CoV-2 may
be lower than those from symptomatic individuals. Future
studies should evaluate this possibility.

Limitations

This study has several limitations. First, the sample size was
small, so our selection criteria should be verified by larger
studies. Second, the study design precludes a definitive con-
clusion regarding the potential therapeutic efficacy and
requires clinical validation through clinical trials.
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