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Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), is a new 
human disease with few effective treatments1. Convalescent 
plasma, donated by persons who have recovered from COVID-
19, is the acellular component of blood that contains antibod-
ies, including those that specifically recognize SARS-CoV-2. 
These antibodies, when transfused into patients infected with 
SARS-CoV-2, are thought to exert an antiviral effect, sup-
pressing virus replication before patients have mounted their 
own humoral immune responses2,3. Virus-specific antibodies 
from recovered persons are often the first available therapy 
for an emerging infectious disease, a stopgap treatment while 
new antivirals and vaccines are being developed1,2. This ret-
rospective, propensity score–matched case–control study 
assessed the effectiveness of convalescent plasma therapy in 
39 patients with severe or life-threatening COVID-19 at The 
Mount Sinai Hospital in New York City. Oxygen requirements 
on day 14 after transfusion worsened in 17.9% of plasma 
recipients versus 28.2% of propensity score–matched con-
trols who were hospitalized with COVID-19 (adjusted odds 
ratio (OR), 0.86; 95% confidence interval (CI), 0.75–0.98; 
chi-square test P value = 0.025). Survival also improved in 
plasma recipients (adjusted hazard ratio (HR), 0.34; 95% CI, 
0.13–0.89; chi-square test P = 0.027). Convalescent plasma is 
potentially effective against COVID-19, but adequately pow-
ered, randomized controlled trials are needed.

SARS-CoV-2 is a positive-sense, single-stranded RNA virus 
belonging to the family Coronaviridae. Humans infected with 
SARS-CoV-2 may develop COVID-19, which manifests across a 
wide spectrum of clinical severity ranging from a mild upper respi-
ratory tract illness to a diffuse viral pneumonia causing acute respi-
ratory failure, with sequelae including acute lung injury, multiorgan 
dysfunction syndrome and death4–6. Although protection from 
COVID-19 infection or disease has yet to be directly correlated 
with levels of circulating antibodies against SARS-CoV-2 (ref. 7), 
providing virus-neutralizing antibodies in the form of convalescent 
plasma may expedite disease resolution before the maturation of 
a patient’s own humoral response1,8,9. Historical evidence supports 
the potential of convalescent plasma transfusions to treat a variety 
of infectious diseases, including influenza, Argentine hemorrhagic 
fever and SARS10–12; however, their effectiveness in treating other 
infectious diseases, such as Ebola13, remains inconclusive.

To date, published clinical data regarding convalescent plasma 
transfusions as treatment for COVID-19 include single-arm, obser-
vational studies from China, the United States, Italy5,7,14–16 and, most 
recently, two randomized open-label trials that were terminated 
before full enrollment17,18. In respiratory infections specifically, 
the strongest evidence suggests that the benefit of passive anti-
body transfer is most demonstrable in patients who were treated 
within days of symptom onset11,19–21. Therefore, we hypothesized 
that treatment of patients with convalescent plasma early in the 
disease course would reduce morbidity and mortality associated 
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with COVID-19. Here, preliminary outcomes are presented for 39 

patients with severe to life-threatening COVID-19 who received 
convalescent plasma transfusions at a single center, The Mount 
Sinai Hospital (MSH), in New York City.

Adult patients admitted to MSH between 24 March 2020 and 
8 April 2020 were screened for eligibility to receive a COVID-19 
convalescent plasma transfusion under the criteria established for 
the U.S. Food and Drug Administration (FDA) single-patient emer-
gency investigational new drug (eIND) process (Supplementary 
Text 1). Forty-five applications requesting individual patient eIND 
authorization to administer COVID-19 convalescent plasma were 
submitted to and approved by the FDA. Four patients improved and 
two patients withdrew consent before receipt of plasma, leaving 39 
evaluable patients who received COVID-19 convalescent plasma 
under compassionate-use guidelines. The average age of convales-
cent plasma recipients was 55 (standard deviation (s.d.) ± 13) years 
(Table 1). Approximately two-thirds of the cohort were male and 
one-third were female, similar to the proportions of men and women 
with severe disease in previous studies4. Convalescent plasma 
recipients were, on average, obese (mean body mass index (BMI), 
31.7 ± 6.0 kg m−2) but generally had few other baseline comorbidi-
ties. The median duration of symptoms before initial presentation 
was 7 d (range, 0–14 d). The median time between admission and 
transfusion was 4 d (range, 0–7 d). On the day of transfusion, the 
majority of the convalescent plasma recipients (34 patients; 87%) 
required supplemental oxygen via a noninvasive delivery device. 
Four convalescent plasma recipients (10%) were mechanically ven-
tilated at the time of transfusion.

Convalescent plasma recipients were retrospectively 
propensity-score matched to control patients who were admitted 
during the same period, between 24 March 2020 and 8 April 2020. 
Analyses were performed at 1:4 and 1:2 ratios (convalescent plasma 
recipients to controls), with and without replacement. In sampling 
without replacement, each untreated control can be matched to 
only one treated case, while sampling with replacement allows each 
untreated control to be matched by similarity in propensity score to 
more than one treated case. Each method has distinct advantages22; 
thus, we used both methods for sensitivity analyses. After matching 
was established, control patients were retrospectively chart reviewed 

Table 1 | Demographics and clinical parameters of convalescent 
plasma recipients before transfusion

Characteristica Patients (n = 39)

Demographics

Age (years), mean ± s.d. 55 ± 13

Sex

 Male versus female, n (%) 25 (64) versus 14 
(36)

BMI, mean ± s.d.b 31.7 ± 6.0

Coexisting disorder, n (%)

 Asthma 3 (8)

 Cancerc 2 (5)

 Chronic kidney disease 1 (3)

 Chronic obstructive pulmonary disease 1 (3)

 Current or former smoker 7 (18)

 Diabetes mellitus 8 (21)

 Hemorrhagic or ischemic stroke 0

 Human immunodeficiency virus 0

 Obstructive sleep apnea 2 (5)

Duration (d) of symptoms before admission, 
median (range)

7 (0–14)

Presenting symptoms, n (%)

 Fever 26 (67)

 Shortness of breath 26 (67)

 Cough 24 (62)

 Diarrhea 8 (21)

 Sputum production 3 (8)

 Sore throat 2 (5)

Vital signs on admission, n (%)

 Temperature >100.4 °F or 38 °C 13 (33)

 Heart rate >100 beats per min 22 (56)

 Respiratory rate ≥20 breaths per min 28 (72)

Imaging, n (%)

 Chest radiography 38 (97)

 Chest computed tomography 3 (8)

Clinical parameters

Laboratory data before transfusion

 White-cell count

 Cells per mm3 field, median (range) 7,600 
(3,900–22,600)

 Distribution, n (%)

 ≥10,000 cells per mm3 field 10 (26)

 ≤4,000 cells per mm3 field 2 (5)

 Aspartate aminotransferase >40 U l−1, n (%) 26 (67)

 Alanine aminotransferase >40 U l−1, n (%) 18 (46)

 Lactate ≥1.5 mmol l−1, n (%) 23 (59)

 D-dimer, median (range) (µg ml−1 fibrinogen 
equivalent units)

2.33 (0.27–28.28)

 Fibrinogen, mean ± s.d. (mg dl−1) 684 ± 140

 Ferritin, median (range) (ng ml−1) 1,135 (107–7,441)

 C-reactive protein, median (range) (mg l−1) 161.4 (19.8–339.8)
Continued

Characteristica Patients (n = 39)

 IL-6, mean ± s.d. (pg ml−1) 178 ± 348

Length of stay before transfusion

 Duration (d), median (range) 4 (0–7)

Supplemental oxygen requirement before initiation of transfusion

 Room air, n (%) 1 (3)

 Standard nasal cannula, n (%) 7 (18)

 2 l, n (%) 0

 3 l, n (%) 2 (5)

 4 l, n (%) 2 (5)

 ≥5 l, n (%) 3 (8)

 High-flow oxygend, high-flow nasal cannula or 
BiPAP, n (%)

27 (69)

 Mechanical ventilation, n (%) 4 (10)

Thirty-nine patients received convalescent plasma. Baseline demographics, comorbid conditions, 
symptoms and duration before admission, initial vital signs, initial laboratory parameters and initial 
imaging studies are described. Length of stay before transfusion and oxygen device at the time 
of transfusion are also provided. aPercentages may not total 100% because of rounding. bBMI is 
the weight in kilograms divided by the square of the height in meters. cOne patient with thyroid 
cancer after resection and one patient with Gleason 6 prostate cancer. dHigh-flow oxygen included 
venti-mask and non-rebreather mask; BiPAP, bilevel positive airway pressure.

Table 1 | Demographics and clinical parameters of convalescent 
plasma recipients before transfusion (Continued)
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by a medical data team who were blinded to information about the 
matched convalescent plasma recipient. Predictors not readily avail-
able in the system database, such as duration of symptoms before 
hospital admission and exposures to specific pharmacotherapies 
(azithromycin, hydroxychloroquine, broad-spectrum antibiotics, 
therapeutic-dose anticoagulation, corticosteroids, remdesivir, mes-
enchymal stem cells and interleukin (IL)-1 and IL-6 inhibitors), 
were manually collected after matching. Subsequently, duration 
of symptoms before hospital admission was not significantly dif-
ferent between the controls and convalescent plasma recipients for 
both the 1:2 (Wilcoxon rank-sum test, P = 0.307) and 1:4 (Wilcoxon 
rank-sum test, P = 0.968) analyses. There were also no significant 
differences between convalescent plasma recipients and control 
patients in exposures to the aforementioned pharmacotherapies, 
except for therapeutic anticoagulation (P = 0.004 for the 1:4 ratio 
and P = 0.018 for the 1:2 ratio, chi-square test; Supplementary  
Table 1). Overall, the distribution of the logit propensity score–
matched controls was within range of the convalescent plasma 
recipients, as opposed to the logit propensity score of all patients 
with COVID-19 system wide who were admitted during the same 
period (Extended Data Fig. 1).

The day of convalescent plasma transfusion was defined as ‘day 
0’ for convalescent plasma recipients. For each control patient, ‘day 
0’ was defined as the same hospital day (number of days into their 
admission) that corresponded to the hospital day on which their 
matched convalescent plasma recipient received the transfusion 
(Supplementary Table 2). Although matching was not enforced 
by admission date, the 156 controls in the 1:4 matched analysis 
were admitted to the hospital within a median of 4 d (interquartile 
range (IQR), 2–6 d) of the convalescent plasma recipients to whom 
they were matched. Control patients were admitted slightly earlier 
(median, 1 d before; IQR, 5 d before to 4 d after) than the convales-
cent plasma recipients.

Convalescent plasma recipients and control patients in the 1:4 
analysis were 100% matched on their supplemental oxygen require-
ment on day 0; 69.2% of patients in both groups received high-flow 
oxygen and 10.3% received invasive mechanical ventilation 
(Supplementary Table 3). By day 14, clinical conditions had wors-
ened in 17.9% of the convalescent plasma recipients and in 28.2% 
of the control patients. The covariates-adjusted OR for worsening 
oxygenation on day 14 was 0.86 (95% CI, 0.75–0.98; chi-square test, 
P = 0.025). The effect of plasma on oxygenation status appeared to 
be confounded by the use of therapeutic anticoagulants (unadjusted 
versus adjusted anticoagulation versus fully adjusted OR: 0.90 ver-
sus 0.84 versus 0.86) but not by other drug classes or by duration 
of symptoms before admission (OR, 0.90–0.91). The plasma group 
also showed a reduction in the proportion of patients with wors-
ened oxygenation status earlier in hospitalization, but the group dif-
ferences did not reach statistical significance on day 1 (OR, 0.98; 
95% CI, 0.92–1.04; chi-square test, P = 0.443) or day 7 (OR, 0.95; 
95% CI 0.84–1.08; chi-square test, P = 0.435).

As of the end of the study (1 May 2020), 12.8% of convalescent 
plasma recipients and 24.4% of the 1:4 matched control patients 
had died (21.6% in the 1:2 matched dataset), and 71.8% and 66.7% 
(68.9%) had been discharged alive, respectively. The median 
follow-up time was 11 d (range, 1–28 d) for the plasma group and 9 d 
(range, 0–31 d) for the control group. Overall, survival probability 
was greater in convalescent plasma recipients than controls (Fig. 1). 
Without covariate adjustment, the survival benefit of convalescent 
plasma was significant in the 1:4 matched dataset (HR, 0.39; 95% CI 
0.15–0.99; chi-square test P = 0.048; Fig. 2), with potential benefit in 
the 1:2 matched dataset (HR, 0.47; 95% CI 0.17–1.28; chi-square test 
P = 0.14). No evidence of confounding was found for any covariates 
in the survival analysis. Following covariate adjustment (adjusting 
for duration of symptoms before admission and for exposure to 
therapeutic anticoagulation and broad-spectrum antibiotics), the 

1:4 matched model continued to show significant survival benefit of 
convalescent plasma (HR, 0.34; 95% CI, 0.13–0.89; chi-square test, 
P = 0.027). When aggressively adjusting for additional covariates, 
including mechanical ventilation, corticosteroids, azithromycin, 
interventional antivirals and IL-6 inhibitors, convalescent plasma 
remained significantly associated with improved survival (HR, 
0.31; 95% CI, 0.12–0.82; chi-square test, P = 0.018). Subgroup anal-
yses showed significant survival benefits of convalescent plasma 
within the subgroups of patients who were not intubated, had a 
shorter duration of symptoms and received therapeutic anticoagu-
lation, in comparison to the matched untreated control groups (Fig. 
2). However, the effects of convalescent plasma within these sub-
groups were not significantly different from its effects within the 
complementary subgroups (chi-square tests for homogeneity for 
intubated versus non-intubated, P = 0.207; symptoms >7 d versus 
≤7 d before admission, P = 0.415; and treated versus not treated 
with therapeutic anticoagulation, P = 0.306). Because the effects of 
convalescent plasma were not significantly different within these 
subgroup pairs, its effect on survival in patients who were not intu-
bated, had a shorter duration of symptoms and received therapeutic 
anticoagulation also should not be interpreted as significantly better 
than its effect on survival in those who were intubated, had a lon-
ger symptom duration and did not receive anticoagulation therapy. 
Therefore, these results suggest but do not confirm a benefit of con-
valescent plasma in non-intubated patients, those with less than a 
week of symptoms and those also receiving therapeutic anticoagula-
tion. These subgroup findings remain inconclusive, potentially due 
to a lack of statistical power.

Before donation, potential convalescent plasma donors were 
prescreened for SARS-CoV-2-specific serum antibodies with the 
MSH-ELISA anti-IgG COVID-19 assay, a research assay23,24 that was 
transitioned to clinical use in the Mount Sinai Laboratory25. Only 
donors with an MSH-ELISA serum IgG titer of ≥1:320 (n = 25) 
were referred for plasmapheresis.

Donors presented for plasma donation at a median of 4 d (IQR, 
1–5 d) after their screening antibody test was performed. Stored 
samples of donor serum and plasma were available for 24 of 25 
donors, who provided a total of 76 units of plasma to 38 recipients 
(Fig. 3). We assessed the total anti-spike IgG titers in transfused 
plasma units in a lab-based ELISA. We also performed a microneu-
tralization assay to quantify the capacity of donor serum antibodies 
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Fig. 1 | Survival probability. As of 1 May 2020, 5 (12.8%) of 39 
convalescent plasma recipients and 38 (24.4%) of 156 1:4 matched control 
patients had died. The median follow-up time was 11 d (range 1–28 d) for 
the plasma group and 9 d (0–31 d) for the control group. Overall, improved 
survival was observed for the plasma versus the control group.
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to inhibit the replication of authentic SARS-CoV-2; 50% neutraliza-
tion titers are expressed as the reciprocal serum dilution at which 
in vitro virus infectivity was halved, relative to a serum-free control 
infection. We observed a correlation between the total anti-spike 
IgG titer of the donor serum samples, as measured by the clinical 
MSH-ELISA assay, and both the total anti-spike IgG titers of the 
plasma units (Spearman correlation coefficient (ρ), 0.83; P < 0.001; 
Fig. 3a) and the 50% neutralizing titers of the donor serum samples 
(Spearman ρ, 0.65; P < 0.001; Fig. 3b). Donor serum samples with 
an MSH-ELISA titer of 1:320 had a geometric mean 50% neutral-
izing titer (GM-NT) of 1:46 (95% CI, 1:18–1:120); for sera with 
an MSH-ELISA titer of 1:960, GM-NT was 1:174 (95% CI, 1:71–
1:427); and sera measured at an MSH-ELISA titer of ≥1:2,880 had 
a GM-NT of 1:338 (95% CI, 1:91–1:1,252). However, we observed 
no correlation between donor neutralization titers and convalescent 
plasma-recipient outcomes at the end of the study period (Spearman 
ρ, 0.083; P = 0.62; Fig. 3c). Analysis of variance demonstrated a 
nonsignificant trend toward higher neutralizing titers in the sera of 
donors who provided convalescent plasma to the group of recipients 
that remained hospitalized at the end of the study (Kruskal–Wallis 
test, P = 0.07; Dunn’s multiple-comparisons test, adjusted P = 0.17 
for hospitalized versus discharged and adjusted P = 0.10 for hospi-
talized versus expired). The majority of convalescent plasma recipi-
ents were discharged by 1 May 2020 (n = 28), with few (n = 11) who 
died or remained hospitalized at the end of the study for compari-
son. This small sample size limits our ability to draw robust conclu-
sions about the level of neutralizing antibodies necessary to improve 
convalescent plasma-recipient outcomes. During this time frame, 

all available MSH-ELISA testing capacity was prioritized for the 
screening of potential convalescent plasma donors; thus, we were 
not able to measure anti-SARS-CoV-2 antibody titers before or after 
transfusion in convalescent plasma recipients.

Among the 39 convalescent plasma recipients, no serious 
adverse events were judged to be directly caused by convalescent 
plasma transfusion. One patient died within 7 d of transfusion, on 
day 3 after transfusion, of cardiac arrest in the setting of progres-
sive hypoxemia due to COVID-19. The other four deaths during 
the study period, all due to COVID-19 complicated by multiorgan 
failure and shock, occurred on days 8, 9, 13 and 14 after transfu-
sion. No suspected occurrences of transfusion-associated adverse 
events, such as transfusion-associated circulatory overload or 
transfusion-related acute lung injury were reported.

This initial assessment offers evidence in support of convales-
cent plasma transfusion as an effective intervention in COVID-19. 
Preliminary data suggest a mortality benefit, but greater numbers 
and a randomized trial design are needed to draw definitive conclu-
sions about the efficacy of convalescent plasma for the treatment of 
COVID-19.

Although controls were retrospectively identified by propensity 
score matching, the conclusions drawn from these data are not as 
robust as those from a prospective, randomized, placebo-controlled 
trial. An important potential confounder in our analysis is the higher 
proportion of convalescent plasma recipients who were anticoagu-
lated compared to their matched controls. We cannot exclude the 
possibility that convalescent plasma recipients benefited from gen-
erally more assertive clinical management by their primary physican  
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Fig. 2 | HRs for in-hospital mortality. In a covariates-adjusted Cox model, convalescent plasma transfusion was significantly associated with improved 
survival (HR, 0.34; 95% CI, 0.13–0.89; chi-square test, P = 0.027). Subgroup analyses showed significant survival benefits of convalescent plasma in 
patients who were not intubated, had a shorter duration of symptoms and received therapeutic anticoagulation. However, these subgroups were not 
significantly different from their complementary subgroups (chi-square test for homogeneity P = 0.207, P = 0.415 and P = 0.306, respectively). All 
statistical tests are two-sided.
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teams. However, the requirement for informed consent should 
mitigate provider bias to some extent, given that patients who were 
offered convalescent plasma could and did decline to give consent. 
Our analyses also did not show that convalescent plasma recipi-
ents received any other therapies, including several investigational 
agents, at a higher rate than controls. Ultimately, our retrospective 
data cannot address the underlying reason for this discrepancy, and 
our analysis must be viewed with this caveat in mind.

As in our retrospective study, a prospective, open-label, ran-
domized trial conducted by Li et al.18 also found a trend toward the 
benefit of convalescent plasma only in the subgroup of less severely 
ill patients, in which convalescent plasma recipients were signifi-
cantly more likely to improve clinically than controls (HR, 2.15; 
95% CI, 1.07–4.32; P = 0.03). However, no significant difference 
was observed in the subgroup with life-threatening disease (HR, 
0.88; 95% CI, 0.30–2.63; P = 0.83), and the interaction by disease 
severity failed to reach statistical significance (P value for interac-
tion = 0.17); thus, Li et al. concluded that the findings for the severe 
and life-threatening subgroups should not be interpreted as signifi-
cantly different18. Similarly, in our cohort, we found that convales-
cent plasma recipients who were not mechanically ventilated at the 
time of transfusion were significantly less likely to die than their 
matched controls (HR, 0.23; 95% CI, 0.05–0.98; chi-square test, 
P = 0.46), whereas we were unable to observe an effect of convales-
cent plasma in recipients who were mechanically ventilated at the 
time of transfusion (HR 0.79; 95% CI, 0.22–2.79; chi-square test, 
P = 0.716). While these results are consistent with past literature 
demonstrating that passive antibody-transfer therapies are most 
efficacious early in disease11,19–21, the effect of convalescent plasma 
was not significantly different in the non-intubated and intubated 
recipient groups (chi-square test for homogeneity, P = 0.207), and 
thus, like Li et al.18, we conclude that the effect of convalescent 
plasma in these two subgroups should not be interpreted as signifi-
cantly different. Importantly, the number of mechanically ventilated 
convalescent plasma recipients in our study is small, and larger ran-
domized trials are still needed to address uncertainties about the 
effect of convalescent plasma and to define more clearly the patient 
populations in whom convalescent plasma may have benefit.

This study has many unique strengths. Data from three different 
time frames (baseline, before transfusion and the day of transfusion) 
informed the matching of controls to cases to maximize their simi-
larity. New York City has a large and very diverse population, and 
its metropolitan area was among the earliest and hardest hit by the 
COVID-19 pandemic in the United States. Over this study’s 16-d 
enrollment period (24 March 2020 to 8 April 2020), the Mount Sinai 
Health System (MSHS) admitted 4,152 patients with confirmed 
COVID-19. This large pool from which to draw control patients 
permitted an aggressive matching algorithm based on treatment 
propensity and enabled 1-to-4 matching of cases to controls.

In addition, the efficacy of passive antibody transfer relies heav-
ily on the quality of the donor convalescent plasma. We show that 
the serum neutralizing antibody titers, measured against a clinical 
isolate of wild-type SARS-CoV-2, correlate well with the serum 
antibody titers measured by the MSH-ELISA assay used to priori-
tize the convalescent donors that we referred for plasmapheresis, 
both in the donor group presented here (Fig. 3b) and in a larger 
cohort of individuals screened for serum antibodies within our 
health system25. Others have reported similar findings26–28. We did 
not observe a correlation between donor serum neutralizing titers 
and convalescent plasma-recipient outcomes (Fig. 3c), with the 
caveats that, (1) all of our donors were prescreened to have relatively 
high anti-SARS-CoV-2 antibody titers before donation and, (2) the 
sample size is small.

No significant transfusion-related morbidity or mortality was 
observed in this convalescent plasma-recipient cohort, nor in a 
much larger national, multicenter cohort29,30; however, potential 
harms are associated with plasma transfusion. Allergic reactions 
to plasma are typically mild and self-limited, but anaphylaxis, 
while rare, can occur. Plasma contains procoagulants, whose addi-
tive effects are unknown in COVID-19. Given that COVID-19 is 
independently associated with hypercoagulability, additional cau-
tion should be exercised in patients with acute thrombotic events31. 
Keeping these risks in mind, additional studies are needed to con-
firm these findings and draw more definitive conclusions about the 
efficacy of convalescent plasma transfusion for the treatment of 
COVID-19 in different populations.
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Fig. 3 | Donor antibody levels and convalescent plasma-recipient outcomes. a, Total anti-SARS-CoV-2 spike protein IgG titers in serum, obtained from 
plasma donors by clinical MSH-ELISA assay, positively correlate with the total anti-spike IgG titers in plasma units, measured by a lab-based ELISA 
(Spearman ρ, 0.83; P < 0.001). b, Total anti-spike IgG titers from donors also correlate with the reciprocal serum dilution required to neutralize virus 
infectivity by 50%, as measured by microneutralization assay (Spearman ρ, 0.65; P < 0.001). c, No correlation was observed between donor neutralization 
titers and convalescent plasma-recipient outcomes at the end of the study period (Spearman ρ, 0.083; P = 0.62). Plasma ELISAs (a) were performed 
once (n = 1 replicate per plasma sample), and microneutralization assays (b and c) were performed in duplicate (n = 2 replicates per serum sample). Data 
from n = 24 donors (a and b) and n = 38 recipients (c) were used to calculate Spearman correlation coefficients and P values. One serum sample showed 
no measurable neutralization activity in vitro; this point is shown below the dotted line indicating the limit of detection (LOD) (b and c). Donor serum 
neutralization titer was unavailable for one convalescent plasma recipient who expired; donor titers for the remaining four deceased recipients are shown 
(c). All statistical tests are two-sided.

Nature Medicine | VOL 26 | November 2020 | 1708–1713 | www.nature.com/naturemedicine1712

http://www.nature.com/naturemedicine


LettersNature Medicine

Online content
Any methods, additional references, Nature Research report-
ing summaries, source data, extended data, supplementary infor-
mation, acknowledgements, peer review information; details of 
author contributions and competing interests; and statements of 
data and code availability are available at https://doi.org/10.1038/
s41591-020-1088-9.

Received: 9 June 2020; Accepted: 1 September 2020;  
Published online: 15 September 2020

References
	1.	 Casadevall, A. & Pirofski, L. A. The convalescent sera option for containing 

COVID-19. J. Clin. Invest. 130, 1545–1548 (2020).
	2.	 Rojas, M. et al. Convalescent plasma in COVID-19: possible mechanisms of 

action. Autoimmun. Rev. 19, 102554 (2020).
	3.	 Sharun, K. et al. Antibody-based immunotherapeutics and use of 

convalescent plasma to counter COVID-19: advances and prospects. Expert 
Opin. Biol. Ther. 20, 1033–1046 (2020).

	4.	 Richardson, S. et al. Presenting characteristics, comorbidities and outcomes 
among 5,700 patients hospitalized with COVID-19 in the New York City 
area. JAMA 323, 2052–2059 (2020).

	5.	 Duan, K. et al. Effectiveness of convalescent plasma therapy in severe 
COVID-19 patients. Proc. Natl Acad. Sci. USA 117, 9490–9496 (2020).

	6.	 Zhou, F. et al. Clinical course and risk factors for mortality of adult inpatients 
with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 395, 
1054–1062 (2020).

	7.	 Zhao, J. et al. Antibody responses to SARS-CoV-2 in patients of novel 
coronavirus disease 2019. Clin. Infect. Dis. https://doi.org/10.1093/cid/ciaa344 
(2020).

	8.	 Chen, L., Xiong, J., Bao, L. & Shi, Y. Convalescent plasma as a potential 
therapy for COVID-19. Lancet Infect. Dis. 20, 398–400 (2020).

	9.	 Roback, J. D. & Guarner, J. Convalescent plasma to treat COVID-19: 
possibilities and challenges. JAMA 323, 1561–1562 (2020).

	10.	Luke, T. C., Kilbane, E. M., Jackson, J. L. & Hoffman, S. L. Meta-analysis: 
convalescent blood products for Spanish influenza pneumonia: a future H5N1 
treatment? Ann. Intern. Med. 145, 599–609 (2006).

	11.	Mair-Jenkins, J. et al. The effectiveness of convalescent plasma and 
hyperimmune immunoglobulin for the treatment of severe acute respiratory 
infections of viral etiology: a systematic review and exploratory meta-analysis. 
J. Infect. Dis. 211, 80–90 (2015).

	12.	Enria, D. A., Briggiler, A. M., Fernandez, N. J., Levis, S. C. & Maiztegui, J. I. 
Importance of dose of neutralising antibodies in treatment of Argentine 
haemorrhagic fever with immune plasma. Lancet 2, 255–256 (1984).

	13.	Lee, J. S. et al. Anti-Ebola therapy for patients with Ebola virus disease: a 
systematic review. BMC Infect. Dis. 19, 376 (2019).

	14.	Ye, M. et al. Treatment with convalescent plasma for COVID-19 patients in 
Wuhan, China. J. Med. Virol. https://doi.org/10.1002/jmv.25882 (2020).

	15.	Salazar, E. et al. Treatment of COVID-19 patients with convalescent plasma. 
Am. J. Pathol. 190, 1680–1690 (2020).

	16.	Perotti, C. et al. Mortality reduction in 46 severe COVID-19 patients treated 
with hyperimmune plasma. A proof of concept single arm multicenter 
interventional trial. Haematologica https://www.haematologica.org/content/
early/2020/07/20/haematol.2020.261784.long (2020).

	17.	Gharbharan, A. et al. Convalescent plasma for COVID-19. A randomized 
clinical trial. Preprint at https://www.medrxiv.org/content/10.1101/2020.07.01.
20139857v1 (2020).

	18.	Li, L. et al. Effect of convalescent plasma therapy on time to clinical 
improvement in patients with severe and life-threatening COVID-19: a 
randomized clinical trial. JAMA 324, 460–470 (2020).

	19.	Finland, M. The serum treatment of lobar pneumonia. N. Engl. J. Med. 202, 
1244–1247 (1930).

	20.	Cecil, R. L. Remarks on HE SERUM TREATMENT OF PNEUMONIA. Br. 
Med. J. 2, 657–662 (1932).

	21.	Hung, I. F. N. et al. Hyperimmune IV immunoglobulin treatment: a 
multicenter double-blind randomized controlled trial for patients with severe 
2009 influenza A (H1N1) infection. Chest 144, 464–473 (2013).

	22.	Austin, P. C. A comparison of 12 algorithms for matching on the propensity 
score. Stat. Med. 33, 1057–1069 (2014).

	23.	Amanat, F. et al. A serological assay to detect SARS-CoV-2 seroconversion in 
humans. Nat. Med. 26, 1033–1036 (2020).

	24.	Stadlbauer, D. et al. SARS-CoV-2 seroconversion in humans: a detailed 
protocol for a serological assay, antigen production and test setup. Curr. 
Protoc. Microbiol. 57, e100 (2020).

	25.	Wajnberg, A. et al. SARS-CoV-2 infection induces robust, neutralizing 
antibody responses that are stable for at least three months.  
Preprint at http://medrxiv.org/content/early/2020/07/17/2020.07.14.20151126.
abstract (2020).

	26.	Choe, P. G. et al. Antibody responses to SARS-CoV-2 at 8 weeks 
postinfection in asymptomatic patients. Emerg. Infect. Dis. 26 (2020).

	27.	Klein, S. et al. Sex, age and hospitalization drive antibody responses in a 
COVID-19 convalescent plasma donor population. J. Clin. Invest. https://doi.
org/10.1172/JCI142004 (2020).

	28.	Okba, N. M. A. et al. Severe Acute Respiratory Syndrome Coronavirus 
2-specific antibody responses in coronavirus disease patients. Emerg. Infect. 
Dis. 26, 1478–1488 (2020).

	29.	Joyner, M. J. et al. Safety update: COVID-19 convalescent plasma in 20,000 
hospitalized patients. Mayo Clin. Proc. https://www.mayoclinicproceedings.
org/article/S0025-6196(20)30651-0/fulltext (2020).

	30.	Joyner, M. J. et al. Early safety indicators of COVID-19 convalescent plasma 
in 5,000 patients. J. Clin. Invest. 130, 4791–4797 (2020).

	31.	Llitjos, J. F. et al. High incidence of venous thromboembolic events in 
anticoagulated severe COVID-19 patients. J. Thromb. Haemost. 18, 1743–1746 
(2020).

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

© The Author(s), under exclusive licence to Springer Nature America, Inc. 2020

Nature Medicine | VOL 26 | November 2020 | 1708–1713 | www.nature.com/naturemedicine 1713

https://doi.org/10.1038/s41591-020-1088-9
https://doi.org/10.1038/s41591-020-1088-9
https://doi.org/10.1093/cid/ciaa344
https://doi.org/10.1002/jmv.25882
http://www.haematologica.org/content/early/2020/07/20/haematol.2020.261784.long
http://www.haematologica.org/content/early/2020/07/20/haematol.2020.261784.long
https://www.medrxiv.org/content/10.1101/2020.07.01.20139857v1
https://www.medrxiv.org/content/10.1101/2020.07.01.20139857v1
http://medrxiv.org/content/early/2020/07/17/2020.07.14.20151126.abstract
http://medrxiv.org/content/early/2020/07/17/2020.07.14.20151126.abstract
https://doi.org/10.1172/JCI142004
https://doi.org/10.1172/JCI142004
https://www.mayoclinicproceedings.org/article/S0025-6196(20)30651-0/fulltext
https://www.mayoclinicproceedings.org/article/S0025-6196(20)30651-0/fulltext
http://www.nature.com/naturemedicine


Letters Nature Medicine

Methods
Ethics and regulatory oversight. Both convalescent plasma treatment and 
retrospective analysis of data from our electronic medical record database 
were performed with the oversight of the Icahn School of Medicine at Mount 
Sinai (ISMMS) Institutional Review Board (IRB nos. 20-03574 and 20-03489). 
Convalescent plasma recipients were treated under compassionate use, via 
single-patient eIND applications to the FDA. As required by federal law, the 
ISMMS IRB was notified of every eIND application, FDA authorization was sought 
and received for each treated patient before transfusion, and all patients, or their 
legally authorized representatives, gave informed consent. As a retrospective 
analysis of compassionate-use treatment data, the study was neither prospectively 
designed nor registered on clinicaltrials.gov, nor was a data safety monitoring 
board prospectively convened to oversee this study.

Eligibility and selection of convalescent plasma recipients. Between 24 March 
2020 and 8 April 2020, 4,152 patients were hospitalized for COVID-19 in the 
MSHS. During this period, adult patients admitted to MSH were screened for 
eligibility to receive a COVID-19 convalescent plasma transfusion under the 
criteria established for the FDA single-patient eIND process, published 24 March 
2020 (Supplementary Text 1). FDA eIND criteria included: age ≥18 years, severe 
or immediately life-threatening COVID-19 and patient or proxy ability to provide 
informed consent. Severe disease included at least one of the following: dyspnea; 
respiratory frequency ≥30 per min; blood oxygen saturation ≤93%; partial pressure 
of arterial oxygen to fraction of inspired oxygen ratio <300; and/or progression 
of lung infiltrates by >50% within 24–48 h. Life-threatening disease included at 
least one of the following: respiratory failure, septic shock and multiple-organ 
dysfunction or failure. There were no published exclusion criteria. As required by 
federal law (Code of Federal Regulations; 21CFR312.305 and 21CFR312.310), all 
patients treated under eIND criteria met the expanded access use requirements as 
documented on FDA form 3926, which was submitted for each individual patient 
and reviewed and approved by the FDA before transfusion. Initially, convalescent 
plasma inventory was limited relative to the number of eligible convalescent 
plasma recipients under eIND criteria; thus, patients were further prioritized by the 
following considerations, which were flexible according to plasma supply: (1) ABO 
blood type; (2) duration of symptoms; (3) length of stay, inclusive of admission at a 
transferring hospital; and (4) baseline functional status and comorbidities.

Forty-five applications requesting individual patient eIND authorization to 
administer COVID-19 convalescent plasma were submitted to and approved by 
the FDA between 28 March and 8 April 2020. Sample size was not determined 
prospectively. The first eIND application was submitted upon receipt of the first 
convalescent plasma units from the New York Blood Center, and the last was 
submitted immediately before the MSHS joined the national Expanded Access 
Protocol (www.uscovidplasma.org/). Six patients consented to receive convalescent 
plasma and were granted FDA authorization under eIND criteria, but were not 
treated; four improved without convalescent plasma and two withdrew consent 
before transfusion. These six eINDs were withdrawn. Between the end of the 
study period (1 May 2020) and now (24 July 2020), two additional convalescent 
plasma recipients died of complications of multiorgan failure due to COVID-19, on 
days 42 and 88 after transfusion, for an overall death rate of 17.9%. The FDA was 
notified of all seven deaths and these eINDs were withdrawn. Thirty convalescent 
plasma patients were discharged from the hospital, for an overall discharge rate of 
76.9%; these eINDs were withdrawn. One convalescent plasma recipient remains 
hospitalized as of 24 July 2020, and this eIND remains open.

Convalescent plasma transfusion. Convalescent plasma donors were screened for 
SARS-CoV-2 antibody titers with the MSH-ELISA anti-IgG COVID-19 assay, a 
two-step, spike-protein-directed ELISA23,24 adapted for emergency clinical use and 
performed by the Mount Sinai Laboratory25. Donors with total anti-spike IgG titers 
of ≥1:320 on the MSH-ELISA were referred for blood collection at the New York 
Blood Center, which performed the plasmapheresis and then returned convalescent 
plasma units and segments (apheresis tubing containing residual plasma) to MSH. 
Segments were frozen at −20 °C for research use. Convalescent plasma recipients 
were transfused with two units of ABO type-compatible convalescent plasma. 
The majority of recipients received both units from a single donor. Each unit, 
approximately 250 ml in volume, was infused over 1–2 h. Convalescent plasma 
recipients were monitored every 15 min for signs of transfusion-related reactions 
and then followed for outcomes after the transfusion.

Propensity score matching of controls to convalescent plasma recipients. A 
propensity score–matched analysis was conducted within Epic electronic health 
records from the MSHS from 24 March 2020 to 8 April 2020. Analyses of patient 
data were performed using SAS 9.4. A logistic regression was fit to predict the 
potential for plasma therapy based on three sources of information: (1) baseline 
data, including age, gender, smoking status, obesity, diabetes, chronic obstructive 
pulmonary disease or sleep apnea and D-dimer and C-reactive protein at 
admission; (2) data from the day of transfusion (day 0), including supplemental 
oxygen requirement, length of hospital stay, minimal oxygen saturation, heart rate, 
respiratory rate and systolic and diastolic blood pressure; and (3) chronological 
data up to the day of transfusion, including the use of hydroxychloroquine or 

azithromycin, intubation status and, if intubated, the duration of intubation. 
Day 0 for convalescent plasma recipients was defined as the day on which they 
received plasma transfusion. For control patients, day 0 was defined as the day of 
hospitalization corresponding to the length of stay of their matched convalescent 
plasma recipient before transfusion. Two sets of matched data were generated 
based on 1:4 and 1:2 ratios for cases versus controls using the nearest neighbor 
matching algorithm, with and without replacement, respectively (SAS package: 
PROC PSMatch). Among the predictors, exact matching was enforced on oxygen 
requirement on the day of transfusion, length of hospital stay from the day of 
admission to the day of transfusion, the administration of hydroxychloroquine and 
azithromycin, and intubation status and duration (Supplementary Table 3). Other 
medications were administered too infrequently to enforce exact matching.

The distribution of the logit propensity score–matched controls was within 
range of the convalescent plasma recipients, as opposed to the logit propensity 
score of the data from patients with confirmed COVID system wide (Extended 
Data Fig. 1). Balance was well achieved between the plasma and control  
groups, as all predictors had a standardized mean difference of less than 0.2 
(Extended Data Fig. 2). Descriptive results for matched datasets are shown in 
Supplementary Table 3.

Assessment of respiratory status. Patients were evaluated for their supplemental 
oxygen requirements and survival at three time points: days 1, 7 and 14 after 
transfusion. Four categories of supplemental oxygen use status were collected 
for both cases and controls (Supplementary Tables 2 and 3). These included, in 
order of increasing severity: room air, without supplemental oxygen; low-flow 
oxygen delivery by standard nasal cannula; high-flow oxygen delivery, including 
non-rebreather mask, high-flow nasal cannula or BiPAP noninvasive ventilation; 
and mechanical ventilation. A patient’s oxygenation status at the three time 
points was considered to have worsened if they changed from a lower- to a 
higher-severity category compared to day 0, or if they had died before the time 
point. A generalized estimating equations approach with a logit link for binary data 
was used to model the effect of plasma on the odds of oxygenation improvement 
on days 1, 7 and 14 following transfusion, controlling for oxygen status on day 0. 
An independent working correlation structure was assumed for the patients within 
each cluster; however, P values were calculated based on the empirical standard 
errors. Since some patients with COVID-19 were being discharged with continued 
home oxygen supplementation during the study period, but this information was 
not easily obtainable from the database, the oxygen status of all discharged patients 
was assumed to be no worse than low-flow oxygen by standard nasal cannula. 
Adjusted covariates included duration of symptoms, use of pharmacotherapies 
(such as broad-spectrum antibiotics, therapeutic anticoagulation, azithromycin, 
corticosteroids, hydroxychloroquine and investigational antivirals) and laboratory 
values, specifically IL-6 levels.

Assessment of outcomes. Kaplan–Meier survival curves were used to depict the 
overall survival following transfusion. A Cox model was fit to estimate the HR 
for in-hospital mortality for the plasma group, with matched clusters treated as 
random effects and onset of intubation as a time-varying covariate. In addition, 
interactions between convalescent plasma administration and intubation duration 
were tested to see if the plasma effects were the same in subgroups.

Both survival models were adjusted for duration of symptoms before admission 
and other therapies administered during admission, as these data were only 
ascertained by manual chart review after the matching was completed. The initial 
list of therapies consisted of those used for COVID-19 during the study period, 
which included azithromycin, broad-spectrum antibiotics, hydroxychloroquine, 
therapeutic anticoagulants, corticosteroids and investigational therapies, including 
directly acting antivirals, mesenchymal stem cells and IL-1 and IL-6 inhibitors. 
Only those that had a chi-square test P value < 0.5, however, were included in the 
final model for adjustment. A liberal P value was used here to be inclusive of any 
potential confounders. As a sensitivity analysis, the 1:2 matching data without 
replacement data were also analyzed, where the balance between the matched pairs 
was enhanced but the study power was reduced.

Antibody assays and analyses. The MSH anti-IgG COVID-19 enzyme-linked 
immunosorbent assay. The MSH-ELISA anti-IgG COVID-19 assay23–25 is an 
orthogonal immune assay specific for anti-SARS-CoV-2 spike protein IgG in 
clinical serum or plasma specimens. It measures the relative concentration of IgG 
and reports the result as the reciprocal of the highest dilution of serum or plasma 
giving a positive signal. The assay received FDA emergency use authorization for 
clinical use on 15 April 2020 (https://www.fda.gov/media/137032/download/) 
and was also independently authorized as a laboratory developed test for clinical 
application by the New York State Department of Health at the Mount Sinai 
Laboratory, Center for Clinical Laboratories, a division of the Department of 
Pathology, Molecular and Cell-Based Medicine, New York (Clinical Laboratory 
Improvement Amendments no. 33D1051889).

Enzyme-linked immunosorbent assay. Plasma unit samples were retrieved from 
frozen apheresis segments, and antibody titers were determined by ELISA, 
performed in 96-well microtiter plates (Thermo Fisher) coated with 50 μl of 
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recombinant full-length spike protein at a concentration of 2 μg ml−1 overnight at 
4 °C. The next day, the plates were washed three times with PBS (Gibco) containing 
0.1% Tween-20 (T-PBS; Fisher Scientific). The plates were blocked with 200 μl 
of blocking solution (T-PBS with 3% wt/vol milk powder (American Bio)) and 
incubated for at least 1 h at room temperature. Plasma samples were serially diluted 
in 1% milk prepared in T-PBS and added to the plates after the blocking solution 
was removed, and then the plates were incubated for 2 h at room temperature. 
The plates were washed three times with T-PBS using an automatic plate washer 
(BioTek) and 50 μl of anti-human IgG (Fab-specific) horseradish peroxidase 
antibody (produced in goat; Sigma, A0293), diluted 1:3,000 in T-PBS containing 
1% milk powder, was added to all wells. After 1 h, the plates were washed three 
times with T-PBS, 100 μl of SigmaFast o-phenylenediamine dihydrochloride 
(Sigma) was added to all wells, and the reaction stopped after 10 min by adding 
50 μl per well of 3 M hydrochloric acid (Thermo Fisher). The plates were read at 
a wavelength of 490 nm using a plate reader (BioTek), and the endpoint titer was 
calculated, defined as the last dilution before the signal dropped below an  
OD490 of 0.15.

Microneutralization assay. Donor serum samples were heat inactivated at 56 °C for 
1 h before use. Vero.E6 cells from the American Type Culture Collection (ATCC 
no. CRL‐1586) were seeded at a density of 20,000 cells per well in a 96-well cell 
culture plate (Corning, 3595) 1 d before the assay was performed. Cells were 
maintained in culture in complete DMEM (Gibco), and the medium used for the 
neutralization assay was 1× MEM (Gibco) supplemented with 2% FBS (Corning). 
Starting with 1:10, serial dilutions of each sample in duplicate were prepared in a 
96-well plate. Six wells in each plate were used as no-virus negative controls, and 
six wells were used as serum-free, virus-only positive controls. Next, 80 μl of each 
respective dilution was mixed with 600 median tissue culture doses (TCID50) of 
SARS‐CoV‐2 isolate USA‐WA1/2020 (BEI Resources, NR‐52281) in 80 μl. The 
virus–serum mixture was incubated for 1 h. The medium was removed from 
cells, and 120 μl of virus–serum mixture was added. After 1 h of incubation at 
37 °C, the virus–serum mixture was removed, and 100 μl of MEM and 100 μl of 
each serum dilution was added to the cells. The cells were incubated at 37 °C for 
2 d. The medium from the cells was removed, and 150 μl of 10% formaldehyde 
(Polysciences) was added for 24 h to fix cells and inactivate the virus. The next day, 
cells were permeabilized and stained using a mouse monoclonal anti-SARS-CoV-2 
nucleocapsid antibody (clone 1C7, generated in-house by T. Moran, Center for 
Therapeutic Antibody Discovery at ISMMS). For each dilution, the inhibition 
of virus growth, relative to the controls, was calculated. A nonlinear regression 
was performed in Prism version 7.0 (GraphPad Software) to calculate the 50% 
inhibitory dilution (ID50), the serum dilution at which virus growth was halved 
relative to the serum-free, virus-only controls. The 50% neutralizing titer was 
defined as the reciprocal of the ID50.

Data analysis. Donor serum antibody titers (total IgG against recombinant 
SARS-CoV-2 full-length spike protein, measured by the clinical MSH-ELISA) were 
available for all 25 donors who provided the convalescent plasma to this recipient 
cohort. Stored samples of donor serum, drawn on the same day as the antibody 
screening test, and unit plasma, retrieved from plasma segments, were available 
from 24 of 25 donors. The donor for whom these samples were not available had 
a screening antibody titer of 1:960 and donated both units of plasma to recipient 
number 15, who expired during the study period. The serum from one donor, who 
had a screening antibody titer of 1:320, showed no detectable neutralization of 
SARS-CoV-2 in the microneutralization assay; the 50% neutralization titer of this 
sample was set at 1 for the purposes of calculating geometric means and correlation 
coefficients. These data are provided as source data. For recipients who received 
plasma units from two different donors, the GM-NT of the serum samples from 
the two donors is presented in Fig. 3c. Spearman’s rank correlation coefficients (ρ) 
and GM-NTs were calculated in Prism version 8.0 (GraphPad).

Statistical analyses. We did not perform a priori sample size calculations. The 
convalescent plasma-recipient cohort (n = 39) was a sample of convenience that 
included all adult patients treated with convalescent plasma under FDA eIND at 
MSH. The untreated control sample size was determined by matching at 1:2 and 
1:4 ratios (cases to controls) by propensity score analysis. Group differences were 
evaluated by chi-square and Wilcoxon rank-sum tests for categorical and ordinal 
data, respectively. ORs and HRs are presented with 95% CIs and chi-square P 

values. Spearman’s rank correlation was used to test for monotonous relationships 
between plasma donors’ antibody titers and plasma recipients’ clinical outcomes, 
and analysis of variance was assessed by the Kruskal–Wallis test, followed 
by Dunn’s multiple-comparison test. All tests were two-sided, and statistical 
significance was defined as a P value < 0.05, unless otherwise indicated. Descriptive 
data are reported as number (percent), mean ± s.d., geometric mean (95% CI) or 
median (range or IQR), as appropriate.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Data will be shared in accordance with ISMMS policy on access to and use and 
disclosure of Mount Sinai data. This process can be initiated upon request to the 
corresponding author. Source data are provided with this paper.

Code availability
No custom code is associated with this manuscript. The SAS code for 
these analyses can be downloaded from https://www.researchgate.
net/project/Convalescent-plasma-treatment-of-severe-COVID-
19-A-propensity-score-matched-control-study/. 
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Extended Data Fig. 1 | Propensity scoring of matched controls and all COVID-positive patients versus convalescent plasma recipients. The logits of 
propensity scores were more similarly distributed for convalescent plasma recipients (n=39) and their propensity score-matched controls (n=156) than 
for all COVID-19 patients admitted to the Mount Sinai Health System between 24 March 2020 and 8 April 2020 (n=4,152). The means are represented by 
open circles (for convalescent plasma recipients) or plus signs (for matched controls and all COVID patients). The box represents the interquartile range, 
the center line is the median value, and the whiskers delineate the range between minimum and maximum values.
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Extended Data Fig. 2 | Standardized mean differences of matched controls and all COVID-positive patients. Balance was well achieved between the 
groups of convalescent plasma recipients (n=39) and matched controls (n=156). For each predictor listed on the y-axis, the observed standardized 
mean difference is represented by green circles for matched controls and by blue X symbols for all COVID-19 patients in the Mount Sinai Health System 
(n=4,152). Between plasma recipients and matched controls, all treatment predictors had a standardized mean difference of less than 0.2, represented by 
the blue shading.

Nature Medicine | www.nature.com/naturemedicine

http://www.nature.com/naturemedicine


1

nature research  |  reporting sum
m

ary
A

pril 2020

Corresponding author(s):  Nicole M. Bouvier NMED-L105624B 

Last updated by author(s): Aug 17, 2020

Repor�ng Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in repor�ng. For further informa�on on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Sta�s�cs
For all sta�s�cal analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods sec�on.

n/a Confirmed

The exact sample size (n) for each experimental group/condi�on, given as a discrete number and unit of measurement

A statement on whether measurements were taken from dis�nct samples or whether the same sample was measured repeatedly

The sta�s�cal test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A descrip�on of all covariates tested

A descrip�on of any assump�ons or correc�ons, such as tests of normality and adjustment for mul�ple comparisons

A full descrip�on of the sta�s�cal parameters including central tendency (e.g. means) or other basic es�mates (e.g. regression coefficient) 
AND varia�on (e.g. standard devia�on) or associated es�mates of uncertainty (e.g. confidence intervals)

For null hypothesis tes�ng, the test sta�s�c (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, informa�on on the choice of priors and Markov chain Monte Carlo se�ngs

For hierarchical and complex designs, iden�fica�on of the appropriate level for tests and full repor�ng of outcomes

Es�mates of effect sizes (e.g. Cohen's d, Pearson's r), indica�ng how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

So�ware and code
Policy informa�on about availability of computer code

Data collec�on Data were collected from the Mount Sinai Health System electronic medical record (Epic Systems Corpora�on, Verona, WI).

Data analysis Data analysis was performed using SAS 9.4 (SAS Ins�tute Inc., Cary, NC) and Prism versions 7.0 & 8.0 (GraphPad So�ware, San Diego, CA).  The 
SAS script file can be downloaded from h�ps://www.researchgate.net/project/Convalescent-plasma-treatment-of-severe-COVID-19-A-
propensity-score-matched-control-study.

For manuscripts u�lizing custom algorithms or so�ware that are central to the research but not yet described in published literature, so�ware must be made available to editors and 
reviewers. We strongly encourage code deposi�on in a community repository (e.g. GitHub). See the Nature Research guidelines for submi�ng code & so�ware for further informa�on.

Data
Policy informa�on about availability of data

All manuscripts must include a data availability statement. This statement should provide the following informa�on, where applicable: 
- Accession codes, unique iden�fiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A descrip�on of any restric�ons on data availability

All figures/tables have associated raw data.  The de-iden�fied and aggregated data used for plo�ng all figures are provided as Source Data files. Individual pa�ent 
records in our Electronic Medical Record (EMR) contain Protected Health Informa�on (PHI), as defined in the Health Insurance Portability and Accountability Act 
(HIPAA).  As such, the EMR database cannot be made freely and publicly available without any restric�ons.  However, individuals not affiliated with the Mount Sinai 
Health System who have a research interest in these data can request that they be shared in accordance with Icahn School of Medicine at Mount Sinai (ISMMS) 
Policy on Access to and Use and Disclosure of Mount Sinai Data.  This process can be ini�ated upon reasonable request to the corresponding author.  



2

nature research  |  reporting sum
m

ary
April 2020

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size The treated sample size was not determined prospectively but was rather a sample of convenience, determined retrospectively.  It includes all 
adult patients treated with convalescent plasma under FDA single-patient eIND ("compassionate use") at the Mount Sinai Hospital.  
Convalescent plasma transfusions under FDA single-patient eIND began as soon as convalescent plasma became available at Mount Sinai 
Hospital, and ended when the FDA Expanded Access Protocol (EAP), under lead institution the Mayo Clinic, opened as an alternative to the 
single-patient eIND pathway.   
 
The untreated control sample size was determined by matching at 1:2 and 1:4 ratios (cases to controls) by propensity score analysis. A lower 
matching ratio (e.g., 1:2) decreases variability by maximizing propensity score similarity between cases and controls but also reduces 
statistical power because the control group is smaller.  A higher matching ratio (e.g., 1:4) increases power for the parameter estimates but 
also increases propensity score variability between cases and controls; the statistical literature suggests that matching ratios should not 
exceed 1:5. We analyzed control data at both 1:2 and 1:4 matching ratios as a sensitivity analysis, to demonstrate that both control group 
sample sizes (one with less variability but also less power, and the other with more variability but also more power) yield similar results, which 
suggests that the control group sample sizes were sufficient for these analyses from a statistical perspective. 
  
References: 
Linden A, Samuels SJ. Using balance statistics to determine the optimal number of controls in matching studies. J Eval Clin Pract. 
2013;19(5):968-975. doi:10.1111/jep.12072 
 Austin PC. Statistical criteria for selecting the optimal number of untreated subjects matched to each treated subject when using many-to-
one matching on the propensity score. Am J Epidemiol. 2010 Nov 1;172(9):1092-7. doi: 10.1093/aje/kwq224. Epub 2010 Aug 28. PMID: 
20802241; PMCID: PMC2962254.

Data exclusions No data of patients transfused under eIND or their matched controls were excluded.

Replication This study is a retrospective data analysis; as such, no replicates were performed.

Randomization No treatment randomization was performed.  COVID-19 patients meeting criteria established by the FDA were offered investigational 
treatment with COVID-19 convalescent plasma.  Forty-five patients, or their legally authorized representatives, provided informed consent for 
treatment under the FDA's single-patient eIND pathway.   Four patients improved and two patients withdrew consent prior to receipt of 
plasma, leaving n=39 evaluable patients who received COVID-19 convalescent plasma. Controls (n=156) were retrospectively matched 4-to-1 
to plasma recipients by propensity score analysis.  Covariates were controlled through exact matching and propensity score matching.

Blinding Chart review for clinical data unobtainable from the database was performed by a data team who were blinded to the cases to whom controls 
were matched. Laboratory assays (plasma ELISAs and serum microneutralization assays) were performed by individuals who were blinded to 
the donor's identity and serum IgG titer, as measured by the MSH-ELISA performed by the Mount Sinai Laboratory.
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Antibodies
Antibodies used Anti−human IgG (Fab-specific)−horseradish peroxidase (HRP) labeled secondary antibody produced in goat (Sigma #A0293). Mouse 

monoclonal anti-SARS-CoV-2 Nucleocapsid [clone 1C7] (generated by Dr. Thomas Moran, Center for Therapeutic Antibody Discovery 
at the Icahn School of Medicine at Mount Sinai, 1 Gustave L Levy Pl Box 1124, New York, NY 10029; https://icahn.mssm.edu/
research/ddi/capabilities/ctad).

Validation No validation was performed for the commercial Anti-human IgG-HRP secondary. Citations for the anti-SARS-CoV-2 antibody: Blanco-
Melo D, Nilsson-Payant BE, Liu WC, et al. Imbalanced Host Response to SARS-CoV-2 Drives Development of COVID-19. Cell. 
2020;181(5):1036-1045.e9; Amanat F, Stadlbauer D, Strohmeier S, et al. A serological assay to detect SARS-CoV-2 seroconversion in 
humans. Nat Med. 2020;26(7):1033-1036; Amanat F, White KM, Miorin L, et al. An In Vitro Microneutralization Assay for SARS-CoV-2 
Serology and Drug Screening. Curr Protoc Microbiol. 2020;58(1):e108.

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)  Vero.E6 cells were sourced from ATCC

Authentication No authentication was performed. 

Mycoplasma contamination The cell lines were not tested for mycoplasma.

Commonly misidentified lines
(See ICLAC register)

No commonly misidentified cell lines were used.

Human research participants
Policy information about studies involving human research participants

Population characteristics Population characteristics of the convalescent plasma recipients are presented in Table 1.  The propensity for plasma therapy 
was predicted by fitting a logistic regression based on time-series data obtained at baseline (upon admission), prior to 
transfusion, and the day of transfusion.  The treatment predictors identified by the regression analysis and considered in the 
propensity score model, and the control matching results of the propensity score model, are presented the Supplementary 
Information.  In selecting controls to propensity-score match to treated cases, exact matching was enforced on the 
administration of hydroxychloroquine and azithromycin, intubation status and duration, length of hospital stay, and oxygen 
requirement on the day of transfusion; results of the matching are shown in  the Supplementary Information.  Details of the 
matching method and results are described in the Methods.  

Recruitment Between 24 March 2020 and 8 April 2020, a total of 4,152 patients were hospitalized for COVID-19 in the Mount Sinai Health 
System.  From that group, forty-five  adult patients hospitalized at The Mount Sinai Hospital were identified as eligible for 
COVID-19 convalescent plasma transfusion under the criteria established for the U.S. Food and Drug Administration (FDA) 
single patient emergency investigational new drug (eIND) pathway, including age ≥18 years old; severe or immediately life-
threatening COVID-19; and patient or proxy ability to provide informed consent. Severe disease included at least one of the 
following: dyspnea; respiratory frequency ≥30/min; blood oxygen saturation ≤93%; partial pressure of arterial oxygen to 
fraction of inspired oxygen (PaO2/FiO2) ratio <300; and/or progression of lung infiltrates >50% within 24 to 48 hours. Life-
threatening disease included at least one of the following: respiratory failure; septic shock; and multiple organ dysfunction or 
failure.  Plasma inventory was limited relative to the number of eligible recipients under eIND criteria; thus, patients were 
further prioritized by the following considerations, which were flexible according to plasma supply: (1) ABO blood type; (2) 
duration of symptoms; (3) length of stay, inclusive of admission at a transferring hospital; and (4) baseline functional status 
and comorbidities.   
 
As a non-randomized, retrospectively analyzed study, these results may be confounded by a number of unintended biases.  
Because of the requirement for informed consent under the FDA eIND pathway, there were patients who were offered 
convalescent plasma and opted not to receive it; thus, plasma recipients were those who self-selected to be treated with an 
investigational therapy.  However, more patients were eligible to receive convalescent plasma than we had plasma to give 
them, so it is likely that the much larger group of untreated patients includes individuals who would have consented to 
convalescent plasma treatment, had they been offered it. Selection bias is also a potential confounder, though propensity 
score matching was utilized to attempt to reduce selection bias by specifically selecting untreated controls with a similar 
propensity for treatment as those who were ultimately treated.  The patients to whom plasma was offered were, by design, 
those who had been symptomatic for a short time and who were early in their hospital admissions, so they were, as a group, 
possibly less sick than other patients in the hospital at the same time.  However, the matched control patients' "day 0" was 
defined as the day in their hospital admission that corresponded to the hospitalization day on which their matched plasma 
recipient was transfused, so that duration of admission before "day 0" was equivalent in cases and controls. Although we 
could not include duration of symptomatic illness in the matching algorithm (because this information was not recorded in a 
discrete data field), we retrospectively assessed the duration of symptoms prior to admission and found it to be not 
significantly different between cases and controls (Wilcoxon rank-sum test P = 0.307 for the 1:2 matched analysis and P = 
0.968 for the 1:4 matched analysis).  Observer bias may also confound these results.  To the extent possible, EMR data were 
analyzed objectively by computer algorithm without human involvement.  Data that could not be obtained from discrete data 
fields was chart abstracted by individuals blinded to the case-control matches, and laboratory analyses were similarly 
performed by individuals blinded to the source of the serum/plasma samples being assayed.
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Ethics oversight Both convalescent plasma treatment and retrospective data analysis research were performed with the oversight of the 
Icahn School of Medicine at Mount Sinai Institutional Review Board (ISMMS IRB) and the Food and Drug Administration 
(FDA).  All patients were treated under compassionate use, via single-patient eIND applications.  As required by federal law, 
the ISMMS IRB was notified of every eIND application; FDA authorization was sought and received for each treated patient 
before transfusion, and all patients or their legally authorized representatives gave informed consent for investigational 
treatment with convalescent plasma.  The use of matched control data from our electronic medical records was reviewed by 
our IRB (# 20-03574) and determined to be exempt human research. Donor antibody titer analyses were also performed 
under IRB oversight (#20-03489). 

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration As per ICJME guidelines, the study was not registered as a clinical trial because it was not designed as a prospective trial. It is a 
retrospective analysis of patients treated under FDA eIND ("compassionate use") of an investigational therapy.

Study protocol No study protocol exists for this retrospective analysis of data from compassionate use treatments with convalescent plasma 
performed under FDA eIND.  As required by federal law, the ISMMS IRB was notified of every eIND application; FDA authorization 
was sought and received for each treated patients before transfusion; and all patients or their legally authorized representatives gave 
informed consent for investigational treatment with convalescent plasma.  

Data collection Data were collected at the Mount Sinai Hospital.  Patients in the study were admitted between 24 March 2020 and 8 April 2020.  
Convalescent plasma recipients were recruited between 28 March and 8 April 2020 and treated between 28 March and 9 April 2020.  
Outcomes were analyzed through 1 May 2020.

Outcomes As a retrospective analysis of compassionate use treatment data, no outcomes were pre-defined.


	Convalescent plasma treatment of severe COVID-19: a propensity score–matched control study

	Online content

	Fig. 1 Survival probability.
	Fig. 2 HRs for in-hospital mortality.
	Fig. 3 Donor antibody levels and convalescent plasma-recipient outcomes.
	Extended Data Fig. 1 Propensity scoring of matched controls and all COVID-positive patients versus convalescent plasma recipients.
	Extended Data Fig. 2 Standardized mean differences of matched controls and all COVID-positive patients.
	Table 1 Demographics and clinical parameters of convalescent plasma recipients before transfusion.




