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Passive transfer of antibodies from COVID-19 convalescent patients is being used as an experimental treatment for eligible patients 
with SARS-CoV-2 infections. The United States Food and Drug Administration’s (FDA) guidelines for convalescent plasma initially 
recommended target antibody titers of 160. We evaluated SARS-CoV-2 neutralizing antibodies in sera from recovered COVID-19 
patients using plaque reduction neutralization tests (PRNT) at moderate (PRNT50) and high (PRNT90) stringency thresholds. We 
found that neutralizing activity significantly increased with time post symptom onset (PSO), reaching a peak at 31–35 days PSO. 
At this point, the number of sera having neutralizing titers of at least 160 was approximately 93% (PRNT50) and approximately 54% 
(PRNT90). Sera with high SARS-CoV-2 antibody levels (>960 enzyme-linked immunosorbent assay titers) showed maximal activity, 
but not all high-titer sera contained neutralizing antibody at FDA recommended levels, particularly at high stringency. These results 
underscore the value of serum characterization for neutralization activity.
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The United States has been profoundly impacted by corona-
virus disease 2019 (COVID-19) since the movement of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral 
infections out of China and across the globe in early 2020. As 
of 9 October 2020, the United States has had 7  611  616 con-
firmed COVID-19 cases and more than 212 840 COVID-19–
related deaths [1, 2]. The first documented COVID-19 case in 
New York was reported on 1 March 2020. Through the spring of 
2020, New York State accounted for the largest portion of cases 
in the United States (currently the fourth most cases) [1, 3].

Infection with SARS-CoV-2 can be severe, especially among 
at-risk populations (eg, the elderly, especially with preex-
isting comorbidities) [4]. Nonetheless, up to 80% of infec-
tions are thought to be mild or asymptomatic [5]. Antibody 
(Ab)-mediated, immunity is thought to protect an individual 
from viral infection by interfering with virus-host cell inter-
actions required for viral entry and replication. Vaccinated 
or previously infected individuals with virus-specific Abs can 
also help prevent new infections through herd immunity [6]. 

However, the duration and degree to which asymptomatic in-
fection or recovery from COVID-19 disease confers prolonged 
immunity from reinfection with SARS-CoV-2 is unclear, even 
among individuals who produce virus-specific antibodies [7, 8]. 
Consequently, there is great interest in gaining a better under-
standing of Ab responses to SARS-CoV-2 and the serological 
tests that measure them [9–11].

Due to the lack of effective treatments, current COVID-19 
outbreak management emphasizes social distancing, expanded 
diagnostic testing, and isolation of known cases with quaran-
tine of close contacts. The resulting economic and societal dis-
ruption exacerbates the public health impact of COVID-19, 
and there is an urgent need to define correlates of immuno-
logical status to identify individuals who may have protective 
immunity. Passive transfer of Ab from convalescent COVID-19 
patients is being used as treatment of seriously ill COVID-19 pa-
tients, although controlled studies are still needed to rigorously 
evaluate efficacy [12–15]. Recovered COVID-19 patients who 
have generated robust Ab responses to SARS-CoV-2 are sought 
to fill a growing need for plasma donors to support this therapy. 
A lack of standardization or information about the relative neu-
tralizing capacity of Abs from convalescent donors complicates 
implementation and evaluation of plasma therapy protocols for 
COVID-19. The US Food and Drug Administration (FDA) has 
issued a recommendation that the titer of neutralizing Abs in 
convalescent plasma should be at least 160, but allows that an 80 
titer is acceptable in the absence of a better match [16]. However, 
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this guidance does not specify the level of virus neutralization 
that should be achieved at these titers or how to measure it.

Several approaches to measuring relative levels of neutral-
izing Abs exist, including plaque reduction neutralization tests 
(PRNT) and microneutralization (MN) [17–19]. Here we chose 
the PRNT, which measures the ability of Ab in serially diluted 
sera or plasma to decrease virus infection of cultured cells at a 
minimum threshold (eg, 50% or 90%). PRNT is a relatively low 
throughput assay because it takes several days for development 
of virus plaques, which are the units of measurement. MN as-
says can provide a higher throughput alternative, but the need 
for BSL3 containment during SARS-CoV-2 culture remains a 
barrier. As a result of these limitations, determination of Ab 
neutralization activity has not been routinely adopted by many 
COVID-19 plasma donor screening programs; instead donors 
are chosen based on Ab levels or time since clinical recovery 
from polymerase chain reaction (PCR) confirmed disease.

The purpose of this study was to measure SARS-CoV-2–spe-
cific Abs in the sera of COVID-19 convalescent individuals to 
characterize the humoral immune response in these individuals 
and correlate this response to Ab neutralizing activity, and eval-
uate neutralizing activity in the context of FDA-recommended 
guidelines for selection of convalescent plasma donors.

METHODS

Study Participants

Specimens were collected with informed consent obtained 
from individuals in accordance with guidelines of Mount Sinai 
Hospital (MSH) and the Westchester County Department of 
Health (WCDH). Testing at the Wadsworth Center was done 
under a declared Public Health Emergency with a waiver 
from the New York State Department of Health Institutional 
Review Board.

Study Set 1
Sera were obtained from individuals who had recovered from 
COVID-19 during a recruitment effort to identify plasma 
donors for passive Ab transfer therapy. Seropositivity assess-
ment on these specimens was done by enzyme-linked immu-
nosorbent assay (ELISA) at MSH Laboratory [20, 21]. A sliding 
recruitment was done to increase the selection of recovered 
COVID-19 patients at later stages of convalescence. Of the 3277 
people who entered the study by 12 April 2020, 227 had a pos-
itive SARS-CoV-2 PCR test at MSH, Labcorp, or the New York 
City Department of Health and Mental Hygiene, and 621 had 
a self-reported positive PCR result. An additional 1423 had 
antibodies reactive in the ELISA at 1:50 dilution and were con-
sidered “true” COVID-19 recovered individuals.

A progressive approach was used to define eligibility for the 
donor candidate screening in this cohort. For the first 3 days of 
the study, the Ab screening criteria included patients who were 
at least 10  days beyond the onset of symptoms or diagnostic 

PCR test and asymptomatic for 3 days. With each subsequent 
week of the study, selected patients were deeper into the conva-
lescent phase, where increased Ab responses would be expected 
based on other viral infections [22, 23]. By the third week, all 
patients had to be 21 or more days from the start of infection, 
and 14 or more days from full recovery.

Study Set 2
To specifically determine Ab levels and neutralizing antibodies 
in individuals well-removed from the onset of symptoms, 
sera from 149 healthy, recovered COVID-19 individuals from 
Westchester County were screened as potential donors of pas-
sive Ab therapy. The WCDH recruited individuals as potential 
plasma donors if they had confirmed positive SARS-CoV-2 
PCR results at least 21 days before the date of serum collection 
and were symptom free for at least 14 days. Ascertainment of 
symptom-free status was done by interviewing the individual 
at the time the arrangements were made for phlebotomy. Ab 
testing for the Westchester cohort was done at the Wadsworth 
Center using a microsphere immunoassay (MIA).

Immunoassays
Enzyme-Linked Immunosorbent Assay
The initial description of this FDA Emergency Use Authorization 
(EUA) test and methodological details are reported elsewhere 
[20, 21]. This ELISA detects Abs that are reactive with the 
SARS-CoV-2 receptor binding domain (RBD) and the entire 
spike protein ectodomain. For most of the sera described in 
this report, specimens were screened initially at a 1:50 dilution 
using the SARS-CoV-2 RBD as the target antigen and specific 
immunoglobulin G (IgG) was detected. The endpoint titers of 
the presumptive screen-positive sera were then determined by 
ELISA using the whole recombinant spike ectodomain as the 
target antigen.

Microsphere Immunoassay
The NY SARS-CoV-MIA is a suspension-phase assay using the 
Luminex platform. This is an FDA EUA test and the details and 
performance characteristics are described elsewhere [24]. For all 
specimens included in this study, the MIA measured reactivity 
to the SARS-CoV-1 nucleoprotein (N) antigen that had been 
coupled to polystyrene microspheres. Total antigen-specific im-
munoglobulin (IgM, IgA, and IgG) was measured. Anti-SARS-
CoV-2  N Abs are strongly identified due to extensive amino 
acid identity between SARS-CoV-1 and SARS-CoV-2 (approx-
imately 90%), and ongoing studies show that the substitution 
of the SARS-CoV-2 N protein provides essentially identical re-
sults (W. T. L., unpublished observations). Many of the sera as-
sessed in this study were also evaluated using the SARS-CoV-2 
RBD antigen in the MIA, multiplexed in conjunction with the 
N protein. With some exceptions, both antigens were reactive 
with the same sera. For the MIA assay positivity is defined as 6 
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standard deviations (SD) above the mean median fluorescence 
intensity (MFI) of the signal from 90 pre-2019 blood donor 
sera from presumed healthy individuals. The high cutoff maxi-
mizes specificity (99%) to identify sera with moderate to high 
amounts of SARS-CoV-2–reactive antibodies and excludes po-
tential cross-reactivity with other respiratory viruses. Results 
for which the MFI signal falls between 3 SD and 6 SD above the 
mean MFI of normal sera are considered indeterminate.

Plaque Reduction Neutralization Test
This assay has been previously described and is considered the 
classical standard for detection of virus-specific Abs based on 
their ability to neutralize their cognate viral infections [18, 25, 
26]. For the detection of SARS-CoV-2 neutralizing Abs, 100 μL 
of 2-fold serially diluted test sera were mixed with 100 μL of 200 
plaque-forming units of SARS-CoV-2, isolate USA-WA1/2020 
(NR-52281; BEI Resources) and incubated at 37°C in an incu-
bator with 5% CO2 for 1 hour. Virus:serum mixture, 100  μL, 
was added to Vero E6 cells (C1008, ATCC CRL-1586) and ad-
sorption proceeded at 37°C in an incubator with 5% CO2 for 1 
hour, after which a 0.6% agar overlay prepared in cell culture 
maintenance medium (Eagle’s Minimal Essential Medium, 2% 
heat-inactivated fetal bovine serum, 100  µg/mL penicillin G, 
100 U/mL streptomycin) was applied. At 2 days post infection, 
a second agar overlay containing 0.2% Neutral Red was applied, 
and the number of plaques in each sample were recorded after 
an additional 2 days of incubation. The inverse of the highest 
dilutions of sera providing 50% (PRNT50) or 90% (PRNT90) 
viral plaque reduction relative to virus-only infection was re-
ported as the titer.

Statistical Analyses

One-way ANOVA using the Kruskal-Wallis test with Dunn cor-
rection for multiple comparisons was used to measure the dif-
ferences in means of 3 or more unmatched groups. Spearman r 
was calculated and significance was assessed using a 2-tailed t 
test when assessing correlations between PRNT titers and MIA 
values.

RESULTS

Characterization of Tested Specimens

For this study period, 3277 specimens from convalescent 
COVID-19 individuals were screened for SARS-CoV-2 RBD 
Ab reactivity using the ELISA assay at MSH. Of these speci-
mens, 2398 were also tested for Abs at the Wadsworth Center 
using the MIA. An additional 171 serum specimens, submitted 
directly to the Wadsworth Center from the WCDH, were tested 
for the presence of Abs to the SARS-CoV N protein. For the 
specimens tested at both MSH and the Wadsworth Center, the 
2 assays (ELISA and MIA, respectively) showed 79.3% agree-
ment (Supplementary Table 1). If the MIA indeterminates (3 
SD) were also counted as reactive, the agreement increased to 

87.6%. Inclusion of RBD with the N protein in the MIA resulted 
in agreement levels of 89.7% (6 SD) and 90.6% (3 SD). A di-
rect comparison of the values provided by the 2 tests showed 
the strongest correlation between the MIA RBD protein and the 
ELISA spike protein (Supplementary Figure 1).

In the MSH cohort, the titers of SARS-CoV-2 Abs were 
determined for those specimens that were positive for RBD 
binding at a greater than 1:50 dilution in the initial screen. 
Over the 3-week course of the study, a higher proportion of 
sera showed increasingly higher titers, presumably reflecting 
maturation of the immune response. Supplementary Table 
2 shows the distribution of serum titers of samples received 
during the final 9 days of the study, when most individuals 
would be expected to be > 1  month post symptom onset 
(PSO). As indicated, 89.9% of the screen-positive sera had 
SARS-CoV-2 titers that exceeded a 320 threshold. We noted 
that 10% of the Ab-positive sera failed to meet a 320-titer 
threshold for strong Ab responses even 3 weeks from initial 
symptom onset. In sera that were collected from the WCDH 
cohort of convalescent individuals who were at least 21 days 
PSO, the MIA showed reactivity in 83.2% (6 SD) or 90.6% (3 
SD) of the specimens. A composite analysis of Ab levels, as 
indicated by differences in MIA signal intensities, is shown 
in Figure 1. A 1-way ANOVA using the Kruskal-Wallis test 
with Dunn correction for multiple comparisons was used to 
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Figure 1. SARS-CoV-2 Ab levels in convalescent sera. Serum specimens from 
COVID-19 convalescent patients (Mount Sinai and Westchester County) were 
tested at a 1:100 dilution in the MIA. MFI values, based on N antigen reactivity, 
from individual specimens are presented here grouped into 5-day blocks after 
symptom onset (except for <10 and >40). The cutoff at 6 SD (upper dotted line) and 
3 SD (lower dotted line) are shown. A 1-way ANOVA using the Kruskal-Wallis test 
with Dunn correction for multiple comparisons was used to assess the significance 
of correlations between MFI values and days post symptom onset. P value is ap-
proximate and is <.0001. All groups ≥11 days post onset have means significantly 
greater than <10 days post onset. Groups ≥31 days post onset have means signifi-
cantly greater than 11–15 days post onset. Groups ≥36 days post onset have means 
significantly greater than 16–20  days post onset. Abbreviations: Ab, antibody; 
ANOVA, analysis of variance; MFI, mean fluorescence intensity; MIA, microsphere 
immunoassay; N, nucleocapsid protein.
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assess the significance of the correlation between days PSO 
and MIA signal, and the correlation was found to be signif-
icant (P value < .0001). All groups ≥11 days post onset had 
MFI means significantly greater than <10 days post onset.

Relationship Between Antibody Production and Virus Neutralizing 

Antibody

One protective function of antiviral antibodies is to prevent in-
fection by interfering with essential virus-host cell interactions 
such as receptor binding, virus entry, and membrane fusion [7, 
27]. Neutralization can be measured by PRNT, which we used 
to examine 2 cohorts of recovered COVID-19 patients. All sera 
used were reactive in the NYS SARS-CoV MIA, and most spe-
cimens were tested using a multiplexed MIA that included the 
SARS-CoV-2 RBD along with the N protein. Our objective in 
this portion of the study was to identify those sera that met the 
recommended (160) or minimal (80) titers for convalescent 
plasma proposed by the FDA at both the 50% (PRNT50) and 
90% (PRNT90) neutralization levels.

We examined the relationship between ELISA and PRNT 
titers using sera collected by MSH to determine whether a direct 
correlation could be made between Ab reactivity in the ELISA 
and neutralizing activity. Analysis of 159 sera showed a signifi-
cant, positive correlation between ELISA titers and neutralizing 
titer at the PRNT50 level (Spearman r = 0.4315, P value < .001) 
and at the PRNT90 level (Spearman r = 0.4057, P value < .001) 
(Table 1 and Figure 2). Approximately half (52.9%) of the sam-
ples had a ≥160 neutralizing titer PRNT50 level, including 84.1% 
of sera with an ELISA titer of 2880. However, only 50% of the 
sera at the highest ELISA Ab titer (2880) had neutralizing titers 
of 160 or greater when a more stringent (PRNT90) determina-
tion for neutralization was used. Figure  2 shows a graphical 

representation of these data, with results grouped to show the 
frequencies of specimens that meet the FDA minimal (80) or 
recommended (160) titers for convalescent plasma use, in ad-
dition to frequencies of specimens that either failed to meet or 
exceeded the recommended titers.

Samples with high Ab titers by ELISA also had high MIA 
MFIs, consistent with overall agreement between the 2 Ab de-
tection assays. Likewise, we found significant, positive associ-
ations between N protein reactive Ab using the MIA and levels 
of neutralizing Ab activity (Figure 3). Although more Ab led to 
more neutralizing Ab, no specific MFI value was found to be an 
absolute predictor of neutralizing activity. Specimens with sim-
ilar Ab (MFI) levels were found at each level of neutralization, 
although their frequencies varied. In a smaller sampling, we 
substituted the RBD antigen for the N antigen in the MIA and, 
again, found no MFI value that predicted whether the specimen 
would be a strong neutralizer (data not shown).

More individuals made higher levels of Ab as time from 
symptom onset increased, so we examined neutralization titers 
over different time periods PSO to explore whether more neu-
tralizing Abs were produced after longer recovery periods. 
PRNT analysis of approximately 300 sera from the combined 
cohorts demonstrated that, consistent with overall Ab produc-
tion, neutralization activity initially increased for several weeks 
after symptom onset. The peak of neutralization in this study 
was at 31–35  days PSO (Table  2), where approximately 93% 
of the sera had ≥ 160 PRNT50 titers, while approximately 54% 
of the sera had ≥ 160 titers using the more stringent PRNT90 
evaluation. Beyond 35 days, the number of sera that had high 
PRNT90 titers decreased significantly, with only approximately 
24% of the sera having ≥ 160 neutralizing titers (Table 2 and 
Figure 4).

Table 1. Relationship Between SARS-CoV Neutralizing Antibodies and ELISA Titer

ELISA Titer PRNT Tested

Titer

% Neutralizers at FDA Minimal Level % Neutralizers at FDA Recommended Level<80 80 160 >320

SARS-CoV-2 PRNT50 Titers

160 13 6 4 2 1 53.8 23.1

320 49 21 10 7 11 57.1 36.7

960 51 11 15 7 18 78.4 49.0

2880 44 5 2 8 29 88.6 84.1

Total 157 43 31 24 59 72.6 52.9

SARS-CoV-2 PRNT90 Titers

160 13 11 2 0 0 15.4 0

320 50 36 9 5 0 28.0 10.0

960 52 28 10 10 4 46.2 26.9

2880 44 13 9 10 12 70.4 50.0

Total 159 88 30 25 16 44.6 25.8

Serum specimens from COVID-19 convalescent patients that screened Ab positive to SARS-CoV-2 RBD, were titered by ELISA with respect to reactivity to SARS-CoV-2 whole spike protein. 
Sera with ELISA titers ≥160 were tested for their ability to neutralize SARS-CoV-2 infection of Vero E6 cells. The neutralization titer is the inverse endpoint dilution of sera that could neu-
tralize 50% (top) or 90% (bottom) of viral plaque formation. % Neutralizers at FDA recommended level have a neutralizing titer of 160 or greater. % Neutralizers at FDA minimal level have 
a neutralizing titer of 80 or greater.

Abbreviations: ELISA, enzyme-linked immunosorbent assay; FDA, Food and Drug Administration; PRNT, plaque reduction neutralization tests; RBD, receptor-binding domain; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2.
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DISCUSSION

At present, plasma from recovered COVID-19 patients for pas-
sive Ab transfer is being used as an experimental treatment for 
patients severely ill with COVID-19. Passive transfer is an old 
method that has seen recent use during infectious disease out-
breaks to combat infections by pathogens such H1N1 influenza 

virus, Ebola virus, and, notably, MERS CoV and SARS CoV 
[28]. For COVID-19, there have been reports of compassionate 
use and reports of administration of “high titer” sera, although 
a precise standardization of “high titer” is only just beginning 
to be determined. [14, 15, 29–31]. Controlled trials are urgently 
needed to establish the parameters for effective therapy, but the 
success of this approach relies upon the presence of protective 
antibodies in the sera of recovered, presumably immune, in-
dividuals. The FDA had provided limited nonbinding recom-
mendations for investigative COVID-19 convalescent plasma 
use [16], and has only recently issued more precise guidance 
[32], although it is not yet clear how the “high titer” standard 
relates to PRNT.

Surprisingly, we found that while most individuals made 
moderate to high levels of SARS-CoV-2–specific Ab, a smaller 
than expected number met the FDA recommended titers of 
neutralizing Abs [16], as determined by a PRNT. These re-
sults suggest that measurement of Ab neutralizing activity has 
significant potential to enhance the effectiveness of plasma 
therapy for COVID-19 through improved donor selection 
criteria. In this study, most recovered COVID-19 individuals 
made detectable neutralizing Abs when measured using a 
PRNT50, but only half the sera with a 960 ELISA titer against 
the spike protein had a neutralizing titer of the FDA recom-
mended level of at least 160. While a 2880 ELISA titer was 
predictive of neutralizing activity at 160 with PRNT50, only 
50% of these individuals reached the 160-titer recommenda-
tion at the PRNT90 level. The FDA recently required the use of 
the Ortho VITROS SARS-CoV-2 test, with plasma that meets 
a signal-to-cutoff ratio of >12 to qualifying as High Titer 
COVID-10 Convalescent Plasma. However, this serological 
test has not been assessed for correlation with neutralizing 
capacity using genuine SARS-CoV-2 virus and the actual 
neutralizing capacity of plasma assessed in this manner is un-
certain [16, 32, 33].
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Our results parallel the findings of Wu et al who showed that 
approximately 30% of recovered COVID-19 patients examined 
2 weeks after discharge from hospitals generated low titers of 
SARS-CoV-2–specific neutralizing antibodies [34]. However, 
others have reported higher levels of correlation between 
Ab levels and neutralizing activity, using a variety of both Ab 

assays and neutralization tests [35], with the latter including 
pseudotyped virus neutralization assays [19, 34]. A recent study 
using the MSH ELISA and an optimized and sensitive MN 
assay also found high half maximum inhibitory concentration 
(IC50) neutralization titers and excellent correlation between 
ELISA and MN assay outcomes [36]. Our results indicate that 
high-level Ab quantitation is a useful, but imperfect, guide to 
donor suitability, depending on the required level of neutrali-
zation. Additional factors, including the specific target antigen 
used to measure Ab levels and Ab classes produced, should also 
be considered.

As expected, we found that timing post infection had a 
major impact on the degree of neutralizing activity present. 
Our finding that SARS-CoV-2 neutralizing Ab responses are 
most abundant at 31–35 days PSO is similar to the >21-days 
PSO peak in neutralizing Ab titer observed for SARS-CoV-1 
[37] but later than the 2 to 3 weeks PSO reported by others 
[31, 34, 35, 38]. The decrease in neutralizing activity we ob-
served beyond 35  days PSO raises the possibility that there 
is a relatively narrow window for choosing the “best” sera for 
treatment, particularly at the more stringent PRNT90 level of 
neutralization. It is critical to determine the level of neutral-
ization required for effective plasma therapy as this experi-
mental treatment is more heavily used. In particular, the level 
of stringency required for neutralization must be defined. 
We note that the initial neutralization recommendation from 
FDA was 1:160 and the European Commission suggests using 
a minimum titer of 320 [39].
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Figure 4. Relationship between SARS-CoV neutralizing Abs and onset of symp-
toms. Graphical representation of the data shown in Figure 1 and Table 2. Shown 
on the left y-axis are the percentages of specimens that can neutralize 90% (black) 
or 50% (gray) of viral plaque formation with a titer of 160 or greater. Note that, be-
cause the last specimens collected were grouped as >40 days, 45 days was used 
as an arbitrary end point for graphing purposes. On the right axis is shown the fold 
increase of the mean levels of Ab production (red line), based on MFIs from Figure 1. 
Abbreviations: Ab, antibody; CoV N Abs, severe acute respiratory syndrome co-
ronavirus neutralizing antibodies; FDA, Food and Drug Administration; MFI, mean 
fluorescence intensity; PRNT, plaque reduction neutralization test.

Table 2. Relationship Between SARS-CoV Neutralizing Antibodies and Onset of Symptoms

Onset, d PRNT Tested

Titer

% Neutralizers at FDA Minimal Level % Neutralizers at FDA Recommended Level<80 80 160 >320

SARS-CoV-2 PRNT50 Titers

11–15 12 5 4 2 1 58.3 25.0

16–20 58 28 12 7 11 51.7 31.0

21–25 54 6 8 17 23 88.9 74.1

26–30 53 2 10 7 34 96.2 77.4

31–35 41 0 3 8 30 100 92.7

36–40 34 1 5 7 21 97.1 82.4

>40 48 3 12 10 23 93.8 68.8

SARS-CoV-2 PRNT90 Titers

11–15 12 11 0 0 1 8.3 8.3

16–20 59 42 8 2 7 28.8 15.3

21–25 54 19 15 13 7 64.8 37.0

26–30 53 12 16 13 12 77.4 47.2

31–35 41 7 12 10 12 82.9 53.7

36–40 34 13 13 3 5 61.8 23.5

>40 48 28 10 5 5 41.7 20.8

Antibody-positive serum specimens from COVID-19 convalescent patients with onset of symptom and blood collection information were tested. All of the specimens were assessed for ei-
ther SARS-CoV RBD (Mount Sinai) and SARS-CoV N or SARS-CoV N plus RBD (Mount Sinai, Westchester) reactivity using a microsphere immunoassay. The neutralization titer is the inverse 
endpoint dilution of sera that could neutralize 50% (top) or 90% (bottom) of viral plaque formation. % Neutralizers at FDA recommended level have a neutralizing titer of 160 or greater. % 
Neutralizers at FDA minimal level have a neutralizing titer of 80 or greater.

Abbreviations: FDA, Food and Drug Administration; PRNT, plaque reduction neutralization tests; RBD, receptor-binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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At present, the extent to which neutralizing Abs con-
tribute to protection from reinfection by SARS-CoV-2 is 
unknown. Significant protection against influenza virus in-
fection is observed at 40 titers [40] and protection from mea-
sles virus infection correlates with 120 PRNT50 titers [41]. 
However, the optimal level of neutralizing Abs for COVID-
19 plasma therapy is likely to differ from that required for 
an individual’s own immune status, as donor plasma will be 
diluted more than 10-fold upon transfer into a recipient and 
protection from viruses after infection or vaccination is not 
just limited to neutralizing antibodies [42]. There are lim-
ited reports about the protective cellular immune response 
to SARS-CoV-2 [43], but also numerous reports about cel-
lular immunopathology and negative consequences for the 
disease [44]. Strong cellular immunity could more than com-
pensate for low virus neutralizing capacity in vaccinated or 
previously infected individuals or due to prior infection from 
non-SARS-CoV-2 coronaviruses [43, 45, 46]. A recent study 
testing an inactivated whole-virion SARS-CoV-2 vaccine 
(PiCoVacc) in nonhuman primates reported low neutralizing 
titers post vaccination but found evidence of protection from 
disease in animals challenged with SARS-CoV-2 3 weeks after 
vaccination [47]. Thus, high neutralizing Ab titers may be de-
sirable for plasma therapy but not be required for protection 
from reinfection with SARS-CoV-2. We also note that the 
role or importance of nonneutralizing antibodies for either 
protection or therapy has not yet been determined but should 
not be discounted.

While establishing the relationship between PRNT titers 
and efficacy of plasma therapy for treatment of COVID-19 
will require the results of controlled trials, we think the data 
presented here show that less convalescent sera than expected 
meet the FDA guidelines for high-titer sera and therefore high-
light the need to thoroughly characterize the neutralizing ac-
tivity in individual plasma before use for passive Ab therapy. 
At a minimum, better definition of the optimal time period be-
tween symptom onset and serum collection and baseline PRNT 
titers will improve the quality of sera and render convalescent 
plasma therapy a more effective tool in the COVID-19 treat-
ment arsenal.
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