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A B S T R A C T

Background:We assessed outcome of patients with moderate and severe COVID-19 following treatment with
convalescent plasma (CP) and the association with IgG levels in transfused CP.
Methods: A prospective cohort study. Primary outcome was improvement at day 14 defined as alive, not on
mechanical ventilation, and moderate, mild, or recovered from COVID-19. Antibody levels in CP units were
unknown at the time of treatment. IgG against the spike protein S1 was subsequently measured by ELISA.
Neutralizing antibodies titers were determined in a subset. Outcome was assessed in relation to the mean
antibody level transfused to the patients (�4.0 versus >4.0).
Findings: Of 49 patients, 11 (22.4%) had moderate, 38 (77.6%) had severe disease, 28 were ventilated. At day
14, 24 (49.0%) patients improved, 9 (18.4%) died, and 13 (26.5%) were ventilated. In 14/98 (14.3%) CP units
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IgG was < 1.1 (cutoff calibration) and in 60 (61.2%) �4.0. IgG level and neutralizing antibody titer were corre-
lated (0.85 p < 0.001). In patients receiving �4.0 antibody levels, 11/30 improved (36.7%) versus 13/19
(68.4%) in patients receiving >4.0 odds ratio (OR) 0.267 [95% confidence interval (CI) 0.079�0.905],
P = 0.030. In patients diagnosed >10 days prior to treatment, 4/14 (22.4%) improved in the �4.0 antibody
group, versus 6/7 (85.7%) in the >4.0 antibody group, OR 0.048 (95% CI, 0.004�0.520), P = 0.007. No serious
adverse events were reported.
Interpretation: Treatment with CP with higher levels of IgG against S1 may benefit patients with moderate
and severe COVID-19. IgG against S1 level in CP predicts neutralization antibodies titers.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
1. Introduction

Coronavirus disease 2019 (COVID-19) is a highly infectious pneu-
monia caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). As of December 2019, it spread globally from Wuhan,
China and on March 2020 was declared a pandemic outbreak [1].

Until May 21, 2020, SARS-CoV-2 infected more than 5 million peo-
ple, in over 212 countries and territories, and resulted in more than
328,462 deaths [2]. By May 21, more than 16,670 people were
infected in Israel, and 279 people have died [2].

In the absence of effective and recommended established therapy,
treatment of COVID-19 to date has mainly been empirical and experi-
mental in addition to meticulous supportive care. Recent observa-
tional and randomized studies involving patients with COVID-19
admitted to the hospital demonstrated mixed results regarding the
efficacy of various antiviral and antimalarial drugs [3�6].

Remdesivir, a viral RNA polymerase inhibitor which was shown to
shorten disease duration was recently approved by the Federal Drug
Administration (FDA) [5,6]. However, it is likely that the global
increasing demands and shortage of resources will preclude this
promising anti-viral agent frommany patients, globally.

Past studies demonstrated that convalescent plasma (CP) may be
effective in improving survival rates in emerging viral infections,

Research in context

Evidence before this study

Previous studies suggested that convalescent plasma (CP) may
be effective in improving survival rates in emerging viral infec-
tions, including Corona related SARS-CoV-1 infection (SARS)
and Middle East respiratory syndrome (MERS). The benefit of
CP for COVID-19 has not been established and was short of sta-
tistical significance in a small randomized study of severe and
critical COVID-19 patients.

Added value of this study

This study demonstrated that in patients treated with CP the
rate of improvement was significantly higher in patients who
received higher IgG antibody titers against the spike protein,
compared to patients who received CP with lower IgG titers.
Treatment with higher IgG antibody titers was effective also in
patients diagnosed more than 10 days prior to receiving treat-
ment. Neutralizing antibodies titers were highly correlated to
IgG against the S1 spike protein.

Implications of all the available evidence

Treatment with CP may benefit patients with moderate and
severe COVID-19. The odds of success of CP therapy are in cor-
relation with higher IgG levels against the spike protein which
serves as a surrogate marker for neutralizing antibodies.
including Machupo virus (Bolivian hemorrhagic fever) [7], Juninvirus
(Argentinian hemorrhagic fever) [8], Lassa fever [9], and Ebola virus
[10]. CP therapy has been used to treat patients with SARS-CoV-1
infection (known also as SARS), Middle East respiratory syndrome
(MERS), with promising results [11,12].

Currently, there are two reports from China regarding the use of
CP for COVID-19 patients [13,14]. In a preliminary uncontrolled case
series of five critically ill patients with COVID-19 and acute respira-
tory distress syndrome (ARDS), administration of CP containing neu-
tralizing antibodies was followed by weaning off mechanical
ventilation, reduction in viral loads, improved oxygenation and clini-
cal stabilization [13]. A recent pilot study of 10 patients with severe
COVID-19, described the usage of one 200 ml unit of CP with neutral-
izing antibody titers at or exceeding a 1:640 dilution. There were no
serious adverse events in the recipients and all 10 patients had
improvement in symptoms within 1�3 days of transfusion, with
demonstrated radiological improvement in pulmonary lesions [14]. A
small randomized study [15] that included patients with either
severe or critical COVID-19 patients showed limited improvement
with CP which was observed only for patients with severe rather
than critical disease. The perceived benefit was short of statistical sig-
nificance [15,16]. A systematic review of five small clinical studies
summarizing the results of CP transfusion to critically ill COVID-19
patients concluded that CP appears to be safe and effective although
the data base was small and the magnitude of effect was difficult to
assess [17]. Despite some methodological limitations of these previ-
ous reports, and the small number of patients included, the data sug-
gests the possibility of clinical benefit related to CP therapy.

The aim of this study was to describe the clinical outcome associ-
ated with CP transfusions for patients with moderate and severe
COVID-19 in relation to antibody titer in the CP transfused. CP ther-
apy was provided through a national compassionate program in
Israel.
2. Methods

A prospective cohort study including the first 49 patients included
in the cohort.

2.1. Patients

Physicians from all hospitals in Israel were eligible to apply for CP
though a national compassionate use program. All patients who
received CP during this program from its initiation on April 6th, 2020
to May 2nd, 2020 are included in this analysis.

The study was approved by the ethics committee of the Israeli
Ministry of Health (0083-20-WOMC). To be included patients or their
legal representatives signed informed consent forms.

Severity of COVID-19 was defined as follows:

� Patients with severe disease: patients with severe COVID-19
pneumonia, and/or in shock and/or requiring hemodynamic sup-
port, and/or requiring mechanical ventilation and or oxygen sat-
uration at room air <90%.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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� Patients with moderate disease: patients with respiratory rate>
30/minute and/or oxygen saturation at room air <93% and 90%.

Inclusion criteria for CP treatment were all the following:

� Diagnosis of COVID 19 confirmed by detection of SARS-CoV-2
RNA by real-time (RT) -PCR obtained from the nasopharynx or
from deep suction.

� Lung infiltrates demonstrated by chest X-ray or computed
tomography >50% of lung fields.

� Moderate or severe COVID-19.
� Informed consent.

Exclusion criteria were

� Age < 18 years.
� Time from symptom onset or diagnosis of COVID-19 by PCR
>40 days.

� Neutropenia < 500.
� Active bacterial infection.
� Life expectancy due to other diseases less than 6 months.

A committee of three senior physicians reviewed all CP requests
and approved them according to these criteria. Patients could receive
antivirals but not remdesivir, and immune modulator drugs at the
discretion of the treating physicians.

2.2. Donors of convalescent plasma

The National Blood services of Magen David Adom in Israel col-
lected CP from volunteer donors who had recovered from COVID-19
according to the following criteria:

� Proven past illness with SARS-CoV-2 RNA by real time RT �PCR
� Recovery from SARS-CoV-2 defined as resolution of fever, respi-
ratory complaints, and all other symptoms related to SARS-CoV-
2 for at least 48 h, and two consecutive nasopharyngeal samples
negative for SARS-CoV-2 RNA by real time RT �PCR tests that
were taken at least 24 h apart

� Elapse of > 14 days since the last negative RT �PCR test.

All donors gave their informed consent to the donation through
plasmapheresis procedure and had to meet the Israeli Ministry of
Health standard criteria for plasma donation, which include seroneg-
ativity for Hepatitis B, C, HIV, HTLV and syphilis. Plasma was collected
by apheresis procedure that was performed using a MCS+ 9000 (HAE-
MONETICS, USA). A 600 ml plasma volume was collected from each
donor, which was further divided into three 200 ml plasma units and
immediately stored at �30°C. At the time the study was conducted
we did not have the ability to measure IgG level in the donated CP
prior to transfusion to patients. Therefore, plasma aliquots from each
donor were initially frozen at �30 °C for further evaluation for the
presence of IgG against S1 and titer of neutralizing antibodies against
SARS-CoV-2, following therapy with those CPs.

2.3. Determination of IGG level for S1 spike protein and neutralizing
antibodies titer to SARS-CoV-2 in the donated plasma

The levels of serum IgG against the spike protein of SARS-Cov-2
were measured by an enzyme-linked immunosorbent assay (ELISA)
using a validated commercial kit (Euroimmun AG, Luebeck, Germany,
product number EI 2606-9601G), following the manufacturer's
instructions. The assay detects SARS-CoV-2 IgG antibodies against
the S1 domain of viral spike protein. The assay relies on an assay spe-
cific calibrator to report a ratio of specimen absorbance to calibrator
absorbance. The final interpretation of positivity is determined by
ratio above a threshold value. The assay is interpreted as positive
when the ratio is �1.1. A larger ratio represents higher antibody lev-
els [18,19]. To document the reliability of the IgG level readout, we
determined the inter-assay variation of the calibrator, positive con-
trol, and negative control optical densities (ODs) in 15 different
assays run in the same day or on different days. These measurements
yielded the following mean, standard deviation and coefficient of var-
iation values: mean=0.27, standard deviation (SD)=0.020, coefficient
of variation (CV)=6.7% for calibrator; mean=0.8, SD=0.110, CV=13.8%
for the positive control and mean=0.03, SD=0.002, CV=5.4% for the
negative control. We also calculated the mean and standard deviation
of the IgG final ratio in 25 serum samples tested on different days:
mean=1.12, SD=0.230.

2.4. Serum neutralization assay of CP

Determination of neutralizing antibody titer in sera was con-
ducted by plaque reduction neutralization test [20] with the follow-
ing modifications: Vero E6 cells (ATCC� CRL-1586TM) as target cells
and SARS-CoV-2 virus were used. Vero E6 Cells were obtained from
the American Type Culture Collection (Summit Pharmaceuticals
International, Japan) and maintained according to the manufacturer
guidelines. SARS-CoV-2 virus (GISAID accession EPI_ISL_406,862)
was kindly provided by the Bundeswehr Institute of Microbiology,
Munich, Germany. Virus titer was determined by plaque assay using
Vero E6 cells and was conducted in a BSL3 facility in accordance with
biosafety guidelines. Briefly Vero E6 cells in 12-well plates. Heat inac-
tivated (56 °C, 20 min) serum samples were 2-fold diluted in MEM
and incubated with equal volume of SARS-CoV-2 virus (150 pfu/ml)
followed by infection of Vero E6 Monolayers in triplicate. Plaques
were counted and PRNT50 was determined as the dilution which
reduced the number of plaques by at least 50% compared to control
non-neutralized virus.

2.5. Treatment protocol

Frozen CP units were transported to the relevant hospital and
were transfused to the patients after thawing, according to standard
procedure. IgG antibody levels and neutralizing antibody titers were
not known at the time of plasma administration and were measured
later when these tests became available.

The first dose of 200 ml CP was transfused on the day of request
(day 1), and if it was well tolerated it was followed 24 h later by a sec-
ond unit of 200 ml. The second CP unit was sometimes from the same
donor and at times from different donors according to availability.

2.6. Data collection

Data were collected prospectively from the various physicians
using a predefined case report form.

2.7. Outcome measures

The primary outcome was the rate of improvement at day 14 after
administration of the CP as compared between patients who received
CP with mean antibody level in the two units �4.0 compared to the
rate of improvement in patients who received CP units with a mean
antibody level >4.0 as assessed by the Euroimmun ELISA kit.
Improvement was defined as being alive, no need for mechanical
ventilation, and change to moderate or mild COVID-19 clinical sever-
ity or recovered. Non-improvement was defined as death, or being
on mechanical ventilation, or deteriorating clinical status.

Secondary outcomes were the rate of clinical improvement in the
subgroups: patients with moderate disease severity at enrollment,
patients with severe disease at enrollment, and patients requiring
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mechanical ventilation at enrollment. We also assessed rates of
improvement at various antibody levels.

Serious adverse events including anaphylaxis, other allergic reac-
tion, and transfusion related acute lung injury were documented.
2.8. Statistical analysis

Analysis was performed using SPSS software version 25. We cal-
culated the antibody ratio given to patients by calculating the mean
ratio of IgG in the two CP units given to each patient. Descriptive sta-
tistics [mean, median, standard deviation (SD)] and interquartile
range (IQR)] were used as appropriate. To assess correlations
between antibody levels we used geometric means and the Pearson
correlation. For continuous variables comparisons were done using
the Mann-Whitney U test. For sample size 40 or less the exact signifi-
cance was reported.

Categorical data was compared using Chi square or Fisher’s
exact test as appropriate. Significance was set at p < 0.05. Man-
tel-Haenszel was used to assess odds ratio (OR) and 95% confi-
dence intervals (CI).

We assessed factors independently associated with improve-
ment at day 14 using logistic regression. Independent variables
found to be significantly associated with the dependent variable
in a univariate analysis (p < 0.1) were entered into multivariate
binary logistic regression analysis, (backwards conditional, P for
entry <0.05, P for removal <0.10), with results presented as OR
with a confidence interval (CI) of 95%. Statistical significance was
set at p < 0.05.

Role of funding source: The study did not receive funding and
relied on internal resources of the participating centers.
Fig. 1. Outcome in patients according to disease severity prior to CP transfusion and IgG agai
Patients were excluded from the CP program according to exclusion and inclusion criteri
Patients were divided according to the mean antibody (Ab) level they received (�4.0 or >

erate or mild disease severity or recovered. Non improvement was defined as being dead or o
*P = 0.030, **P = 0.062. CP � convalescent plasma.
3. Results

3.1. Patients

Of 57 requests for CP, 54 (94.6%) applications were approved
according to the inclusion and exclusion criteria (Fig. 1). Five patients
were excluded from this analysis due to missing data that precluded
the assessment of these patients. Thus, 49 patients comprise the cohort
described here. Characteristics of patients are presented in Table 1.
Thirty-five (71.4%) were males. The median age was 64.0 years (IQR
50.5�76.0). About a third had diabetes and hypertension. Clinical pre-
sentation was typical to COVID-19 infection and included fever in 69.4%
of the patients, and cough in 83.7%. Eleven patients (22.4%) had moder-
ate disease, and 38 (77.6%) had severe disease. In patients with severe
disease, 28 (73.7%) were on mechanical ventilation at the time of
recruitment to the study, (Fig. 1). The median time from PCR diagnosis
to CP transfusion was 10.0 days (IQR 4.0�14.0). In 25 patients (51.0%),
10 days or more elapsed from PCR diagnosis to CP administration.
3.2. Antibody levels in CP units

The median level of antibody per donated CP unit was 3.15 (IQR
1.60�4.80, range 0.10�12.30). In 14 of 98 CP units (14.3%) antibody
level was below 1.1 (the cutoff) and in 46 CP units (46.9%) antibody
level was above 1.1 and below 4.0. Neutralizing antibodies activity
was determined in 53 CP units (55.2%) from 29 donors. The median
titer was 1:160 (IQR 1:160�1:640, range 1:20 to 1:2560). Neutraliz-
ing antibody titer was below the threshold of 1:160 in 8 CP units
(15.1%) and equal or above 1:160 and below 1:640 in 31 CP units
(58.5%). Moreover, taken as a continuous variable, the IgG ratio
nst S1 level (�4.0 or >4.0 of the calibration ratio) in CP
a.
4.0). Improvement was defined as being alive, not on mechanical ventilation and mod-
n mechanical ventilation or clinical deterioration.



Table 1
Patients' characteristics.

All patients N = 49 Patients with severe disease N-38 (77.6%) Patients with moderate disease N = 11 (22.4%)

Males � no. (%) 35 (71.4) 30 (78.9) 5 (45.5)
Age (years) �median (IQR) 64.0 (50.5�76.0) 64.0 (53.5�76.0) 59.0 (42.0�71.0)
Blood types � no. (%)
O 21 (42.9) 17 (44.7) 4 (36.4)
A 24 (49.0) 18 (47.4) 6 (54.5)
B 1 (2.1) 1 (2.6) 0
AB 3 (6.1) 2 (5.3) 1 (9.1)

Times from positive SARS-CoV-2 PCR to receiving CP
(days) �median (IQR)

10.0 (4.0�14.0) 10.0 (5.0�14.3) 6.0 (2.0�12.0)

Co-morbidity
Obesity � no. (%) 16 (32.7) 10 (26.3) 6 (54.5)
Diabetes � no. (%) 15 (30.6) 13 (34.2) 2 (18.2)
Hypertension � no. (%) 18 (36.7) 13 (34.2) 5 (45.5)
Ischemic heart disease �no. (%) 7 (14.3) 6 (15.8) 1 (9.1)
Chronic lung disease �no. (%) 8 (16.3) 6 (15.8) 2 (18.2)
Chronic renal failure �no. (%) 7 (14.3) 6 (15.8) 1 (9.1)
Malignancy � no. (%) 6 (12.2) 4 (10.5) 2 (18.2)

Clinical symptoms at presentation
Fever>38.0 °c � no. (%) 34 (69.4) 26 (68.4) 8 (72.7)
Cough � no. (%) 41 (83.7) 32 (84.2) 9 (81.8)
Muscle aches � no. (%) 12 (24.5) 9 (23.7) 3 (27.3)
Headache � no. (%) 9 (18.4) 5 (13.2) 4 (36.4)
Diarrhea � no. (%) 6 (12.2) 6 (15.8) 0
Vomiting � no. (%) 5 (10.2) 3 (7.9) 2 (18.2)

Clinical status prior to CP transfusion
Ventilated � no. (%) 28 (57.1) 28 (73.7) 0
Fever �mean (SD) 37.7 (1.1) 37.6 (1.2) 39.4 (1.0)
MAP (mmHg) �mean(SD) 88.9 (19.5) 87.6 (21.6) 93.2 (10.6)

Laboratory results
White blood cells (x103/liter) �median (IQR) 12.2 (5.4�17.2) 14.2 (8.8�17.6) 5.2 (3.3�6.4)
Absolute lymphocytes (x103/liter) �median (IQR) 0.780 (0.475�0.995) 0.715 (0.500�1.000) 0.800 (0.350�0.925)
Platelets (x103/liter) �median (IQR) 222.0 (146.3�350.5) 263.5 (149.5�358.0) 181.5 (132.3�254.3)
Serum creatinine (mmol/liter) mg/dL�median (IQR) 0.89 (0.70�1.20) 0.90 (0.67�1.31) 0.89 (0.70�1.03)
Aspartate aminotransferase (AST)

(U/liter) �median (IQR) 44.5 (28.0�61.3) 48.0 (33.5�70.5) 22.7 (18.0�51.0)
Alanine aminotransferase (ALT) (U/liter) �median
(IQR)

36.0 (20.0�65.8) 46.0 (24.0�80.5) 20.0 (14.0�43.0)

Lactate dehydrogenase (LDH) (U/liter) �median (IQR) 544.5 (402.0�737.5) 590.0 (424.0�739.0) 412.0 (321.0�507.0)
Creatinine kinase (CK) (mg/deciliter) �median (IQR) 109.0 (51.5�274.3) 181.0 (54.5�338.8) 87.0 (30.3�157.0)
C reactive protein (CRP) (mg/deciliter) �median (IQR) 13.6 (4.4�23.3) 13.6 (3.7�23.3) 12.0 (4.4�20.7)
D-dimers (mg/milliliter) �median (IQR) 1549.0 (728.8�5113.5) 1990.0 (792.0�8368.0) 819.0 (682.0�1660.0)
Ferritin ng/mL�median (IQR) 682.8 (275.0�1500.0) 922.9 (461.5�1527.0) 228.3 (128.3�924.3)

The values shown are based on available data. Temperature was available for 42 patients, MAP (mean arterial pressure) was available for 38 patients. Laboratory values for white-
cell count, lymphocyte count, platelet count, AST and ALT were available for 46 patients, LDH for 46 patients, CK for 36 patients, CRP for 38 patients, D-dimers for 30 patients, and
ferritin for 43 patients. SD denotes standard deviation. Patients with severe disease requiring mechanical ventilation and/or had ARDS and/or were in shock and/or required hemo-
dynamic support. Patients with moderate disease did not qualify for severe disease definitions and had a respiratory rate> 30/minute, and/or room air oxygen saturation<93%.
IQR � interquartile range, SD � standard deviation.
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determined by the commercial kit yielded a 0.85 Pearson r correla-
tion (p < 0.001) with the plaque reduction neutralization test
(PRNT50) titers after logarithmic transformation of both variables.

3.3. Clinical outcome

The composite outcome of improvement (defined as being
alive, not on mechanical ventilation and moderate or mild disease
severity or recovered) was attained in 24/49 patients (49.0%) by
day 14, (Fig. 1 and Table 2). At this time, nine patients (18.4%)
died and 13 (26.5%) were on mechanical ventilation and three
Table 2
Clinical improvement in correlation to the mean antibody level in the transfus

Mean IgG to S1 leve

All Patients N = 49 11/30 (36.7%)
Severe Disease n = 38 (77.6%) 7/26 (26.9%)
Severe disease, mechanical ventilation n = 28 (73.7%) 5/21 (23.8%)
Severe disease non ventilated n = 10 (26.3%) 2/5 (40.0%)
Moderate disease n = 11 (22.4%) 4/4 (100.0%)

Outcome was assessed 14 days after CP transfusion. Improvement was defined
ease, or recovered. Patients that did not improve were defined as being dead, o
CP � convalescent plasma. OR � odds ratio, CI � confidence interval.
were in severe condition but not ventilated. Of 38 patients with
severe disease, 14 (36.8%) improved, nine (23.7%) died, 13 (34.2%)
were on mechanical ventilation and two (5.3%) were in severe
condition without ventilation. Of 28 patients (57.1%) that were on
mechanical ventilation at the time of CP transfusion eight (28.6%)
improved, seven (25.0%) died, 12 (42.9%) remained on mechanical
ventilation, and one (3.6%) remained in severe condition but was
not ventilated. In the group of patients with moderate disease, 10
patients (90.9%) improved, one patient (9.1%) deteriorated to
severe condition but did not require mechanical ventilation.
There were no deaths in this group.
ed CP.

l �4.0 Mean IgG to S1 level >4.0 OR (95% CI) P

13/19 (68.4%) 0.267 (0.079�0.905) 0.030
7/12 (58.3%) 0.263 (0.062�1.109) 0.062
3/7 (42.9%)
4/5 (80.0%)
6/7 (85.7%)

as being alive, not on mechanical ventilation and moderate or mild dis-
r on mechanical ventilation, or deteriorating.



Fig. 2. Correlation between clinical improvement in patients and IgG against S1 levels in transfused CP.
CP � convalescent plasma.
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3.4. Mean IGG against S1 in transfused CP and outcome

In the group of patients that received CP with a mean antibody
level �4.0, 11 of 30 patients improved (36.7%) versus 13 of 19
patients (68.4%) in the group of patients that received CP with a
mean antibody level > 4.0, OR 0.267 (95% CI 0.079�0.905),
P = 0.030, Table 2. A similar pattern was observed in severe patients.
Seven of 26 patients (26.9%) improved in the group that received CP
with low antibody levels versus 7 of 12 (58.3%) in the group that
received CP with high antibody levels, OR 0.263 (95% CI
0.062�1.109), P = 0.062. In severe patients that were ventilated at
recruitment improvement was observed in 5 of 21 patients (23.8%)
versus 3 of 7 (42.9%), respectively and in severe patients not requir-
ing mechanical ventilation at the time of recruitment 2 of 5
improved (40.0%) versus 4 of 5 (80.0%), respectively. In patients
with moderate severity of disease all improved in the group receiv-
ing CP with low antibody level versus 6 of 7 (85.7%) in the group
receiving CP with high antibody level (Fig. 2).

The correlation of clinical outcome with neutralizing antibodies
activity in transfused CP units was available only for 29 patients and
was not as conclusive (Fig. 3).

There was an association between patients' improvement and
antibody levels in correlation to the time that elapsed from diagnosis
of COVID-19 (Figs. 4 and 5). In patients that received CP transfusion
10 days or less after the diagnosis, 7 of 12 improved (58.3%) in both
groups (antibody titer �4.0 versus antibody titer >4.0). In patients
that received the CP more than 10 days after diagnosis 4 of 18 (22.2%)
improved in the group with low antibody titers versus 6 of 7 (85.7%)
in the group that received high antibody titers, OR 0.048 (95% CI
0.004�0.520), P = 0.007.

3.5. Logistic regression for variables in association with clinical
improvement

We identified four variables associated with improvement at day
14, (Table 3) using univariate analysis: female gender, severity of ill-
ness, D-Dimers, and antibody levels in CP.
In a multivariable logistic regression analysis of these variables
only antibody level in administered CP and D-dimer were indepen-
dently associated with improvement at day 14 (Table 3). Results
were similar when antibody levels were entered into the model as a
binary variable (�4.0 versus >4.0), data not shown.

3.6. Adverse events

No serious adverse events were reported in this cohort. One
patient developed a rash that responded to antihistamine therapy.

4. Discussion

This study suggests that higher IgG levels against S1 of SARS-CoV-
2 in CP may confer improved outcome to patients with COVID-19.
We demonstrated that the rate of clinical improvement at day 14 of
patients who received CP with IgG above 4.0 was significantly higher
compared to patients that received CP with lower IgG levels [68.4%
versus 36.7%, OR 0.267 (95% CI 0.079�0.905), p = 0.030]. Moreover,
there was a dose response correlation between improved patients’
outcome and antibody levels in CP units measured both by ELISA,
and by neutralizing antibody titers assessed in a subset of donors
CPs. Benefit was also observed in patients with severe disease, includ-
ing patients on mechanical ventilation and patients with prolonged
illness. The magnitude of benefit was about 2-fold improvement in
all subgroups except in the group of patients with moderate severity
of illness where the vast majority would probably improve regardless
of the amount of transfused antibodies. When controlling for other
variables, including patient's severity of disease prior to CP treat-
ment, only D-dimer levels, and IgG against S1 levels in the adminis-
tered CP were significantly associated with improvement at day 14.

The concept of administrating CP to various infectious diseases is
not new. Recently it was used to treat Ebola patients and eventually
lead to identifying specific antibodies with high neutralizing activity
against the virus and to production of monoclonal synthetic antibod-
ies to treat Ebola [21]. Two small case series that administered CP
plasma with high levels of neutralizing suggested improved outcome



Fig. 3. Correlation between clinical improvement in patients and neutralizing antibody titers in transfused CP.
CP � convalescent plasma.
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and reported no adverse events in patients with COVID-19 [13,14]. A
randomized controlled study recently published showed some
improvement that did not reach significance in 50 severe and criti-
cally ill patients [15]. This study reported a larger series of patients
with a range of disease severity, and a large variation in length of
time from COVID 19 diagnosis to CP transfusion. Beneficial effect was
Fig. 4. Correlation between clinical improvement in patients who received the treatment les
CP � convalescent plasma.
limited to patients with severe disease rather than critical disease
[15,16]. Of note, patients included in this study [15] had a long dis-
ease duration (median 30 days from symptoms) prior to receiving CP
whereas our patients received CP treatment at a median of 10 days
from diagnosis. Prior studies demonstrated that CP is more effective
when administered early during the disease course or as prophylaxis
s than 10 days after COVID-19 diagnosis, and IgG levels against S1 in transfused CP.



Fig. 5. Correlation between clinical improvement in patients who received the treatment 10 days or more after COVID-19 diagnosis, and IgG levels against S1 in transfused CP.
CP � convalescent plasma.
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closely after exposure to the infectious agent [22]. A previous large
study of 80 patients in Hong Kong infected with SARS demonstrated
that patients who were treated before day 14 had improved outcome
as defined by discharge from hospital before day 22, supporting early
administration of CP for optimal effect [23].

Our results, of improved outcome in patients with severe and pro-
longed COVID-19 following CP transfusion suggest that CP therapy,
particularly when antibody levels are high, may be beneficial even
Table 3
Univariate and multivariate logistic regression analysis of variables associated with
improvement 14days after CP transfusion.

Univariate Multivariate
P OR (95% CI) P value

Age 0.517
Sex (male) 0.054*
Obesity 0.480
Diabetes 0.830
Hypertension 0.629
Ischemic heart disease 0.234
Chronic lung disease 0.408
Chronic renal failure 0.727
Malignancy 0.105
Disease severity (Severe disease) 0.010*
Fever 0.307
White blood cells (x103/liter) 0.107
Absolute lymphocytes (x103/

liter)
0.701

Lactate dehydrogenase (LDH) (U/
liter)

0.873

C reactive protein (CRP) (mg/
deciliter)

0.777

D-dimers (mg/milliliter) 0.072* 1.000 (1.000�1.000) 0.089
Ferritin ng/mL 0.856
IgG to S1 level in CP 0.039* 2.352 (1.036�5.338) 0.041

Univariate and multivariate logistic regression analysis of variables associated with
improvement 14 days after treatment with CP. Nagelkerke R2 = 0.521. N = 30.
CP � convalescent plasma. OR � odds ratio, CI � confidence interval.
* Variables that were entered into the multivariable logistic regression.
beyond the earlier stages of disease. In patients with a shorter disease
duration, the difference between patients receiving lower titers and
higher antibody titers was not significant. We assume that this is due
to the small number of patients included in our analysis. In addition,
the efficacy of CP in moderate disease is difficult to assess from our
data as well, as the vast majority of these patients are likely to
recover without specific treatment, so a larger sample is needed to
demonstrate efficacy of CP in moderate disease [22].

As already described by others [24,25] not all CP units contain
measurable antibodies and 15% of donors did not have IgG against S1
IgG against S1 IgG against S1above the cutoff of the test employed.
Therefore, it is important to measure antibody levels in plasma, opti-
mally before donation, or before transfusion, to ensure efficacy of the
treatment and to create a large enough CP inventory, allowing time
for antibody testing before issuing the units for transfusion. This is
now feasible as validated serological tests are now available [26,27].

We administrated two 200 ml CP units, 24 h apart. In one study
that assessed CP treatment, five patients received 400 ml of CP with
neutralizing antibodies with a titer �1:80 [13]. In a second study, 10
patients received a single CP unit containing neutralizing antibodies
with a titer of >1:640 [14]. The median neutralizing antibody titer of
S1-antibody in our study was 1:160 for a CP unit . Thus, antibody lev-
els given in our study seem to be comparable or in a smaller dose
than the one used by these studies. Our results support the admins-
trating of neutralizing antibodies with a titer of 1:640 or higher, but
as we only had information regrading neuralizing antibodies in 29
donors, so further study is warranted. It is expected that within
months, hyper immune globulin with known titer of neutralizing
antibodies against SARS2-CoV-2 will be available. This product is
safer, and is presumed to have higher activity than CP. However, until
this modality will be available a large inventory of CP with docu-
mented high antibody levels against SARS-CoV-2 can provide a prom-
ising therapeutic option.

Our data indicates that measuring IgG against the spike protein is
sufficient to ensure response in most cases. We deduce this from the
significant correlation between IgG levels against S1 and neutralizing



Y. Maor et al. / EClinicalMedicine 26 (2020) 100525 9
antibody titers in the subsets where both measurements were avail-
able. This is in accord with two other studies, [26,27] the latter
described a 94.4% positive agreement between neutralizing IgG
against S1 and 97.8% negative agreement with measurement of the
S1 antibody level. Measuring neutralizing IgG against S1 in CP against
SARS-CoV-2 requires a biosafety level 3 laboratory and is cumber-
some, thus it is not feasible in most settings. In addition, the dose
response association between IgG level and clinical outcome supports
the idea that most CP donations with high antibody levels by semi
quantitative ELISA tests will also contain a measurable titer of neu-
tralizing antibodies. Yet, further study is needed to corroborate these
results.

This study has several limitations. The number of patients
described is small. The study lacks a control group, which limits CP
efficacy assessment. As enrollment was through a compassionate
program, there was heterogeneity regarding disease severity, length
of disease and the standard of care given in different medical centers.

Of note, no patients in this cohort received remdesivir but some
were treated with hydroxychloroquine. This could hamper our ability
to separate the value of CP treatment from other interventions. Our
assessment of outcome was conducted at day 14th, which might be
too short for mortality rate determination

In addition, it is possible that physicians had a selection bias in
referring patients to a compassionate use program, without strict cri-
teria for eligibility to treatment. Therefore, we believe that the true
value of CP treatment may be underestimated in this report.

In conclusion, our results support the beneficial effect of CP
plasma for treatment of COVID-19 patients at various disease stages.
The results emphasis the importance of measuring antibody levels in
CP prior to transfusion to ensure adequate antibody level. We also
demonstrated that it is possible to rely on semi quantitative ELISA for
IgG against the S1 (by ELISA) without the need to perform compli-
cated neutralizing antibody assays. Further randomized controlled
studies are required to establish the role of CP in COVID �19. Never-
theless, in the situation of paucity of anti-viral therapies, the
expected limited availability of remdesivir due to increased demands
and limited resources in many settings, we propose to consider wider
deployment of CP for patients with moderate and severe COVID-19
disease.
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