
metabolites

H

OH

OH

Article

Convalescent Plasma Reduces Mortality and Decreases
Hospitalization Stay in Patients with Moderate
COVID-19 Pneumonia

Maamoun Basheer 1, Elias Saad 1,2, Dorin Shlezinger 1 and Nimer Assy 1,2,*

����������
�������

Citation: Basheer, M.; Saad, E.;

Shlezinger, D.; Assy, N. Convalescent

Plasma Reduces Mortality and

Decreases Hospitalization Stay in

Patients with Moderate COVID-19

Pneumonia. Metabolites 2021, 11, 761.

https://doi.org/10.3390/

metabo11110761

Academic Editor: Amedeo Lonardo

Received: 26 October 2021

Accepted: 3 November 2021

Published: 5 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Internal Medicine Department, Galilee Medical Center, Nahariya 2210001, Israel;
maamon.basheer@mail.huji.ac.il (M.B.); eliass@gmc.gov.il (E.S.); dorinshl307@gmail.com (D.S.)

2 The Azrieli Faculty of Medicine, Bar-Ilan University, Safad 2210001, Israel
* Correspondence: nimera@gmc.gov.il

Abstract: Humans infected with SARS-CoV-2 may develop COVID-19, which manifests across a
wide spectrum of clinical severity ranging from mild upper respiratory tract illnesses to diffuse
viral pneumonia, causing acute respiratory failure. Many therapies have been tested for their
efficacy in treating COVID-19. Controversy surrounds convalescent plasma transfusions as an
effective treatment for COVID-19. This study discusses the efficacy of this treatment on COVID-19
patients. Electronic medical record data were collected from patients diagnosed with COVID-19,
from November 2020 to August 2021, in the Galilee Medical Center’s COVID-19 departments.
Epidemiological, clinical, laboratory and imaging variables were analyzed. Multivariate stepwise
regression and discriminant analyses were used to identify and validate the correlation between
convalescent treatment and either death or time to negative PCR and hospitalization length. The
study population included 270 patients, 100 of them treated with convalescent plasma. The results
show that convalescent plasma therapy significantly prevented mortality in moderate patients,
reduced hospitalization length and time to negative PCR. Additionally, high BMI, elderly age, high
CRP and 4C-scores correlated with the severity and mortality of COVID-19 patients. Convalescent
plasma also significantly reduced inflammatory markers, especially in moderate COVID-19 patients.
In non-critical hospitalized patients, convalescent plasma therapy reduces morbidity and mortality
in moderate COVID-19 patients and hospitalization length. Identifying patients who could benefit
from this treatment could reduce the risk of death and shorten their hospitalization stay.

Keywords: convalescent plasma therapy; mortality; moderate COVID-19 patients; time to discharge;
hospitalization length; inflammatory markers

1. Introduction

SARS-CoV-2 infection can develop into COVID-19, which manifests across a wide
spectrum of clinical severity, ranging from a mild upper respiratory tract illness to diffuse
viral pneumonia causing acute respiratory failure, with sequelae including acute lung
injury, multiorgan dysfunction syndrome and death [1–3].

The virus itself causes lymphocyte apoptosis, impairing their function, and ending in
a fulminant cytokine storm [4]. This condition resembles secondary hemophagocytic lym-
phohistiocytosis or macrophage activation syndrome and can progress to acute respiratory
distress syndrome (ARDS) and multiorgan failure [5].

Patients with a mild clinical presentation may not initially require hospitalization. This
decision will depend on the clinical presentation, requirement for supportive care, potential
risk factors for severe disease, and the patient’s ability to self-isolate at home [6]. Patients
with severe presentations require hospitalization. In-patient management revolves around
the supportive management of the most common complications of severe COVID-19, like
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pneumonia, hypoxemic respiratory failure, ARDS, sepsis and septic shock, acute kidney
injury, along with complications from prolonged hospitalization [7].

Several therapeutic agents have been evaluated for treating COVID-19 like the an-
tiviral drug Remdesivir, convalescent plasma and dexamethasone [7]. The Food and
Drug Administration issued an emergency use authorization for COVID-19 convalescent
plasma for treating hospitalized patients with COVID-19 [6]. Although protection from
COVID-19 infection or disease has yet to be directly correlated with levels of circulating
antibodies against SARS-CoV-2 [8], providing virus-neutralizing antibodies in the form
of convalescent plasma may expedite disease resolution before the maturation of the pa-
tient’s own humoral response [8,9]. There is currently insufficient data to recommend
either for or against the use of convalescent plasma for the treatment of COVID-19 [10–12].
In respiratory infections specifically, the strongest evidence suggests that the benefit of
passive antibody transfer is most demonstrable in patients who were treated within days
of symptoms onset [13,14].

This study proposes to identify the efficiency of convalescent plasma as a treatment for
COVID-19 patients. The end parameters are death, hospitalization stay and time to negative
PCR. This study also assesses the correlation between disease severity, presented as blood
inflammatory marker levels and the reduction of these markers after plasma transfusion.

2. Results
2.1. Clinical Characteristics of the Patients Treated with or without Convalescent Plasma

The data of the 270 COVID-19 patients who fit the inclusion criteria were analyzed. Of
these patients, 100 patients were treated with convalescent plasma, and 170 patients were
not treated with convalescent plasma. There were no significant differences between the
two groups in the demographics, symptoms and laboratory findings upon admission [1].
All patients in both groups were treated with corticosteroids (Table 1). There was a
difference in genders with the plasma-treated group having significantly more males than
in the untreated group (61 vs. 51, respectively) (Table 1).

Table 1. Clinical and laboratory characteristics of the COVID-19 patients who were treated with or
without convalescent plasma (p-value < 0.05).

Variable
with

Convalescent
Plasma

without
Convalescent

Plasma
p-Value

Total n = 100 n = 170

Age 62 ± 14 64 ± 17 0.4

Male (%) 67% 51% 0.005

BMI 30 ± 5 29 ± 5.5 0.3

Comorbidities %

Diabetes (%) 42 38 0.5

Hypertension (%) 58 58 0.5

Lung disease (%) 14 8 0.3

Hemodialysis (%) 6 6 0.2

Aspirin use (%) 35 40 0.3

Symptom’s duration before admission to hospitals
(days) 6 ± 5 8 ± 1.2 0.19

Symptoms before admission
(% of total)

Fever % 69 62 0.77

Diarrhea % 8 14 0.26
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Table 1. Cont.

Variable
with

Convalescent
Plasma

without
Convalescent

Plasma
p-Value

Dyspnea % 55 46 0.74

Clinical severity on admission % 57 57.6 0.5

Lab Findings upon admission

Hemoglobin (mg/dL) 12.7 ± 2 11.8 ± 1.8 0.14

Absolute neutrophil count (×103/µL) 6 ± 3 7.2 ± 6.1 0.9

Absolute lymphocyte count (×103/µL) 1.2 ± 1.1 1.5 ± 3 0.5

Neutrophil to lymphocyte ratio (NLR) 8.3 ± 7.8 8.9 ± 3.9 0.8

Platelet (×103/µL) 212 ± 84 224 ± 9 0.79

BUN (mg/dL) 25 ± 20 24.3 ± 19 0.6

Creatinine (mg/dL) 1.3 ± 1.6 1.7 ± 3 0.7

Triglycerides (mg/dL) 166 ± 14 170 ± 24 0. 8

HDL (mg/dL) 26 ± 9 32.6 ± 11 0.001

C-reactive protein (CRP) (mg/dL) 124 ± 86 109 ± 89 0.1

Ferritin 1020 ± 387 1043 ± 325 0.57

D-dimer 1426 ± 117.2 1576 ± 209.8 0.5

Fibrinogen 739 ± 146 704 ± 199 0.33

IL-6 82 ± 75 68 ± 10 0.2

ALT 38 ± 36 40 ± 69 0.1

4-C score 9 ± 1 8.8 ± 7.6 0.7

SOFA score 3 ± 1.8 2.3 ± 1.7 0.01

O2 supplement on admission % 57 57 0.5

High flow use (% of total) 10 30 0.001

Hospitalization length (days) 12.4 ± 5.2 13.2 ± 8.9 0.001

Time to negative PCR (days) 13 ± 3.6 15.1 ± 11.3 0.05

Treatment in hospitalization

Convalescent plasma therapy 100 0 0.001

LMWH (% of total) 100 100

Vitamin D (% of total) 100 100

Corticostriods (% of total) 100 100

The untreated group had more use of high flow (30% vs. 10%, respectively) than in the
convalescent plasma-treated group. A significant reduction in time to discharge (in days)
was seen in the treated group compared to the untreated group (13 ± 3.6 vs. 12.4 ± 5.2,
respectively) and also time to negative PCR (13 ± 3.6 vs. 15.1 ± 11.3, respectively)

2.2. Association between Clinical Parameters, Convalscment Plasma Therapy and Mortality in
COVID-19 Patients

Many parameters, including convalescent plasma therapy, age, BMI, ALT, HDL, BUN,
CRP, Ferritin, NLR, 4C-score and SOFA score were studied for their correlation to mortality
in the all severity COVID-19 patients’ groups. The results show that convalescent plasma
therapy significantly prevented mortality (Table 2) in non-hypoxemic moderate patients.
Correlation of all patient severity groups who were treated with convalescent plasma
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with patients who were not treated with convalescent plasma did not show any difference
in mortality (Table 2). Additionally, high BMI, elderly age, high CRP and a 4C-score
significantly correlated with mortality (Table 2) in all severity groups.

Table 2. Correlations between risk factors and mortality in COVID-19 patients. Univariate analysis
of the strength of risk factors with mortality prediction. Convalescent plasma prevents mortality in
moderate patients. Abbreviation: BMI body mass index: SE are the standard errors of the regression
coefficients. T is the quotient of the coefficient. Two-sided p values or observed significance levels.

Coefficient p-Value T Std. Error 95%
Conf. (±)

Convalescent plasma therapy in
moderate patients −0.7 0.0001 −4.2 0.1 0.33

Convalescent plasma all patients 0.05 15 0.8 0.5 0.09

Age 0.01 0.001 +3.3 0.003 0.01

BMI 0.01 0.02 +2.2 0.008 0.01

CRP 0.001 0.02 +2.3 0.0005 0.001

The Plasma was given within 8 days after the first symptoms. There was no correlation
between plasma treatment, symptom duration and death.

2.3. The Effect of Convalescent Plasma on the Hospitalization Length and Time to Negative PCR

Clinical parameters, laboratory parameters and convalescent plasma therapy were
analyzed for their ability to affect hospitalization length and time to negative PCR. Con-
valescent plasma therapy significantly correlates with short hospitalization length and
reduced time to negative PCR (Table 3A,B). Correlations of all patient severity groups
who were treated with convalescent plasma with patients who were not treated with
convalescent plasma did not show any difference in hospitalization length and time to
negative PCR (Table 3A,B). Low 4 C-score and low NLR correlated significantly with short
hospitalization stay and reduced time to negative PCR in all patients’ severity groups,
respectively (Table 3A,B). The frequency of patients in different categories of hospitalization
length can be seen in Figure 1A. Patients who were treated with convalescent plasma show
shorter hospitalization lengths. Convalescent plasma therapy is correlated with short time
to negative PCR, while high NLR is not (Figure 1B,C).

2.4. The Effect of the Convalescent Plasma on COVID-19 Patients’ Inflammatory Status

To identify the effect of convalescent therapy on inflammatory status, measurements
of the cytokines and inflammatory markers were done upon admission and 3–5 days after
convalescent plasma perfusion. Convalescent plasma reduced the inflammatory markers
(D-dimer, ferritin and CRP) after admission, as seen in Figure 2.

Table 3. The effect of the convalescent plasma on the hospitalization length (A) and the time to
negative PCR (B) in moderate patients. SE are the standard errors of the regression coefficients. T is
the quotient of the coefficient. Two-sided p values or observed significance levels.

A

Coefficient 95% Conf.
(±)

Std.
Error T p-Value

Constant

Convalescent plasma therapy in
moderate patients 2.5 2.05 1.0 2.4 0.02

Convalescent plasma therapy in all
patients 4.8 5.7 2.9 1.67 0.1

4C-Score 0.77 0.52 0.25 3.0 0.005
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Table 3. Cont.

B

Coefficient 95% Conf.
(±)

Std.
Error T p-Value

Constant

Convalescent plasma therapy 7.7 0.9 0.4 18.5 0.02

Convalescent plasma therapy in all
patients 1.6 2.8 1.4 −1.1 0.3

NLR −0.4 0.2 0.1 −3.4 0.005

Figure 1. The effect of convalescent plasma on hospitalization length and time to negative PCR. (A): The frequency of
patients in different categories of hospitalization length. (B,C): Correlations between convalescent plasma and time to
negative PCR. The 0,1 (blue and red columns) are the patients who were not treated with convalescent plasma and those
treated with it, respectively. The time measured in days of hospitalizations.
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Figure 2. The effect of convalescent plasma on inflammatory markers (D-dimer, ferritin and CRP) in
all patients treated with convalescent plasma. The measurements were done upon admission and
3–5 days after convalescent plasma perfusion. The asterisks mean the observed significance levels.
(p-value < 0.05).

3. Discussion

This study probed the efficiency of convalescent plasma as a treatment for different
severities of COVID-19 patients. The results show that convalescent plasma therapy signif-
icantly prevents mortality in moderate patients, reduced hospitalization length and also
time to negative PCR. Convalescent plasma also significantly reduced inflammatory mark-
ers, especially in moderate COVID-19 patients. We also found that high BMI, elderly age,
high CRP and 4C-scores correlated with the severity and mortality of COVID-19 patients.

The use of antibody-rich plasma is not new. Patients in past pandemics received
influenza-convalescent human blood products and somewhat clinically benefited from
them [15]. Convalescent plasma or immunoglobulins have been used to improve the
survival rate of patients with SARS, whose condition continued to deteriorate despite
treatment with pulsed methylprednisolone [16]. Moreover, several studies show a shorter
hospital stay and lower mortality in COVID-19 patients treated with convalescent plasma
than those who were not treated with convalescent plasma [16–18]. However, some
researchers show that in patients with severe, or life-threatening COVID-19, convalescent
plasma therapy added to standard treatment, compared with standard treatment alone,
did not result in a statistically significant improvement in time to clinical improvement
within 28 days [19]. Our data also confirm that convalescent plasma is not clinically
beneficial in severe COVID-19 patients but only in moderate patients. Convalescent plasma
is an anti-SARS-CoV-2 rich medium and is a suitable treatment for the viral phase of the
Coronavirus infection, before deteriorating to the inflammatory phase. Thus, convalescent
plasma therapy helps patients who present to the emergency room within a few days after
Coronavirus infection. These antibodies neutralize the viruses in the early phase but do
not affect the virus in the late phases, like secondary hemophagocytic lymphohistiocytosis
or macrophage activation syndrome [5]. We also should emphasize that all patients in both
groups were treated with corticosteroids. So convalescent plasma is an additional factor.
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Although recent research showed that in patients hospitalized with COVID-19, the use of
dexamethasone resulted in lower 28-day mortality among those who were receiving either
invasive mechanical ventilation or oxygen alone at randomization but not among those
receiving no respiratory support [20]

The possible mechanisms of action of convalescent plasma include direct neutraliza-
tion of the virus, suppression of an overactive immune system and immunomodulation of
the hypercoagulable state [21,22]. The antibodies mediate inhibitory effects on the virus’s
cell entry ability, thus limiting their amplification. These antibodies also activate other
pathways, such as the complement cascade, antibody-dependent cellular cytotoxicity and
phagocytosis [21,22]. This could help explain how plasma helps the immune system to
eradicate the virus. This also explains our results about the short time to negative PCR and
a short stay in the convalescent plasma therapy group. This effect is also better achieved if
used in non-critical hospitalized patients.

Some studies have shown that IgG transferred by plasma neutralizes cytokines, such
as IL-1β and TNFα [23,24]. Therefore, passive immunity by infusing convalescent plasma
may limit the inflammatory cascade driven by pathogenic antibodies, as well as the cellular
damage induced by the complement cascade activation [23–26]. Our results show that the
use of convalescent plasma as a therapy to non-critical COVID-19 patients significantly
improved their inflammatory status, especially the D-dimer, CRP and ferritin markers.

This study emphasizes that high BMI, elderly age, high CRP and 4C-scores correlate
with the severity and mortality of COVID-19 patients. These results fit our recent study
which showed four predictive factors associated with increased disease severity and
mortality in COVID-19 patients [27].

Our study has some limitations. The supportive data presented here were largely
obtained from reports that emerged early during the COVID-19 pandemic. In addition,
the wide diversity of study methodologies, statistical approaches, modest sample sizes
and geographic sites may have confounded our interpretation of the data. Our study is a
retrospective study with all its limitations. The retrospective aspect may introduce selection
bias and misclassification.

4. Conclusions

This study identifies the efficiency of convalescent plasma as a treatment for different
severities of COVID-19 patients. The results show that convalescent plasma therapy
significantly prevents mortality in moderate patients, reduces hospitalization length and
time to negative PCR. Identifying patients who could benefit from this treatment could
reduce the risk of death and shorten their hospitalization stays.

5. Methods
5.1. Study Population

Electronic medical records (EMR) were analyzed from patients diagnosed with COVID-
19 from November 2020 to August 2021, at the Galilee Medical Center COVID-19 Depart-
ment, Nahariya, Israel. The infection was based on a positive polymerase chain reaction
(PCR). EMR data from 270 patients were analyzed. Of them, 100 were treated with conva-
lescent plasma and the other 170 patients were not.

5.2. Study Design

The analysis was done on Electronic medical records from the COVID-19 patients. The
symptoms duration before admission (fever, myalgia, dyspnea and diarrhea), demographic
background, past medical history and treatments, weight, BMI, time to discharge or time
to death, time to negative nasopharynges RT-PCR test and treatments upon hospitalization,
blood laboratory tests (biochemistry, CBC, blood gases, blood type, coagulation tests and
inflammatory markers), the confirmation of SARS-CoV-2 infection was done by positive
real-time PCR assays from nasal and nasopharyngeal samples. Scores like the 4-C score
and SOFA were calculated. The 4-C score was analyzed as described by Knight et al. [28].
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5.3. Eligibility Criteria
5.3.1. Inclusion Criteria

(1) Adult males or females ≥18 to ≤80 years of age
(2) Proven COVID-19 infection per RT-PCR assay of a pharyngeal sample (nasopharyn-

geal or oropharyngeal)
(3) Severe or moderate (patient without hypoxemia) patients as defined by the Israeli

Ministry of Health.

Severe patients were defined as having two of the following criteria:

a. Pneumonia, defined as radiographic opacities on the chest X-ray or CT scan
b. Saturation below 94% at room air
c. PAO2/FiO2 < 300

5.3.2. Exclusion Criteria

(1) Pregnant (positive serum or urine test within 3 days prior to randomization)
(2) Confirmed infection of more than 10 days
(3) Need for chronic oxygen use
(4) Confirmed bacteremia
(5) Life expectance below 48 hours
(6) Failure of three systems
(7) Age >80 to <18

5.4. Severity of Illness Categories

Asymptomatic or pre-symptomatic infection: Individuals who test positive for SARS-
CoV-2 but have no symptoms.

Mild illness: individuals who in addition have any of the various signs and symptoms
of COVID-19 (e.g., fever, cough, sore throat, malaise, headache and muscle pain) without
dyspnea or abnormal chest imaging.

Moderate illness: Individuals who have evidence of lower respiratory disease by
clinical assessment or imaging and oxygen saturation is equal or above 93% in room air.

Severe illness: Individuals who have respiratory frequency above 30 breaths per
minute, Spo2 < 94% in room air or PaO2/FiO2 < 300 mmHg.

Critical illness: Individuals who have respiratory failure, septic shock, or multiple
organ dysfunctions.

Discontinuation Criteria: Patients who developed transfusion-related acute lung
injury (TRALI) or respiratory distress during plasma perfusion.

5.5. Ethics

Approval of the study by our medical center’s local ethics committee was done. The
study approval number is (0244-20-NHR). The study was performed under the oversight
of the ICH guidelines for good clinical practice.

5.6. Statistical Analysis

WinSTAT program was used to resume the statistical analysis. Results were presented
as mean + SD. The frequency and corresponding diagnosis percentage were provided.
Clinical and biochemical variables as independent variables were analyzed, the univariate
direct regression analysis and multivariate stepwise regression analysis were performed.
Survival or death are the dependent variables. The significance level was less than 0.05.

Author Contributions: Conceptualization, M.B., E.S. and D.S.; methodology, M.B.; software, D.S.;
validation, M.B., E.S.; formal analysis, M.B. and N.A., Investigation, M.B., D.S.; resources, N.A.; data
curation, N.A.; writing—original draft preparation, M.B. and N.A.; writing—review and editing M.B.
and N.A.; visualization, M.B. and N.A.; supervision, M.B. and N.A.; project administration, M.B.
and N.A.; funding acquisition, N.A. All authors have read and agreed to the published version of
the manuscript.
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References
1. Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W. Presenting characteristics, comorbidities

and outcomes among 5700 patients hospitalized with COVID-19 in the New York City area. JAMA 2020, 323, 2052–2059.
[CrossRef] [PubMed]

2. Duan, K.; Liu, B.; Li, C.; Zhang, H.; Yu, T.; Qu, J.; Zhou, M.; Chen, L.; Meng, S.; Hu, Y.; et al. Effectiveness of convalescent plasma
therapy in severe COVID-19 patients. Proc. Natl. Acad. Sci. USA 2020, 117, 9490–9496. [CrossRef] [PubMed]

3. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef]

4. Zhang, J.J.; Dong, X.; Cao, Y.Y.; Yuan, Y.D.; Yang, Y.B.; Yan, Y.Q.; Akdis, C.A.; Gao, Y.D. Clinical characteristics of 140 patients
infected with SARS-CoV-2 in Wuhan, China. Allergy 2020, 75, 1730–1741. [CrossRef]

5. Mehta, P.; McAuley, D.F.; Brown, M.; Sanchez, E.; Tattersall, R.S.; Manson, J.J. HLH Across Speciality Collaboration, UK.
COVID-19: Consider cytokine storm syndromes and immunosuppression. Lancet 2020, 395, 1033–1034. [CrossRef]

6. World Health Organization. Home Care for Patients with COVID-19 Presenting with Mild Symptoms and Management of
Their Contacts. Available online: https://www.who.int/publications-detail/home-care-for-patients-with-suspected-novel-
coronavirus-(ncov)-infection-presenting-with-mild-symptoms-and-management-of-contacts (accessed on 30 March 2020).

7. National Institutes of Health. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. Available online: https://covid1
9treatmentguidelines.nih.gov/introduction/ (accessed on 18 August 2021).

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

9. Roback, J.D.; Guarner, J. Convalescent plasma to treat COVID-19: Possibilities and challenges. JAMA 2020, 323, 1561–1562.
[CrossRef]

10. Ye, M.; Fu, D.; Ren, Y.; Wang, F.; Wang, D.; Zhang, F.; Xia, X.; Lv, T. Treatment with convalescent plasma for COVID-19 patients in
Wuhan, China. J. Med. Virol. 2020, 92, 1890–1901. [CrossRef]

11. Salazar, E.; Perez, K.K.; Ashraf, M.; Chen, J.; Castillo, B.; Christensen, P.A.; Eubank, T.; Bernard, D.W.; Eagar, T.N.; Long, S.W.;
et al. Treatment of COVID-19 patients with convalescent plasma. Am. J. Pathol. 2020, 190, 1680–1690. [CrossRef]

12. Perotti, C.; Baldanti, F.; Bruno, R.; Del Fante, C.; Seminari, E.; Casari, S.; Percivalle, E.; Glingani, C.; Musella, V.; Belliato, M.;
et al. Mortality reduction in 46 severe COVID-19 patients treated with hyperimmune plasma. A proof of concept single arm
multicenter interventional trial. Haematologica 2020, 105, 2834–2840. [CrossRef]

13. Gharbharan, A.; Jordans, C.C.; GeurtsvanKessel, C.; den Hollander, J.G.; Karim, F.; Mollema, F.P.; Stalenhoef-Schukken, J.E.;
Dofferhoff, A.; Ludwig, I.; Koster, A.; et al. Convalescent Plasma for COVID-19. A Randomized Clinical Trial. Nat. Commun. 2021,
12, 3189. [CrossRef]

14. Liu, S.T.H.; Lin, H.-M.; Baine, I.; Wajnberg, A.; Gumprecht, J.P.; Rahman, F.; Rodriguez, D.; Tandon, P.; Bassily-Marcus, A.; Bander,
J.; et al. Convalescent plasma treatment of severe COVID-19: A propensity score–matched control study. Nat. Med. 2020, 26,
1708–1713.

15. 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. 2006, 145, 599–609. [CrossRef]

16. Cheng, Y.; Wong, R.; Soo, Y.O. Use of convalescent plasma therapy in SARS patients in Hong Kong. Eur. J. Clin. Microbiol. Infect
Dis. 2005, 24, 44–46. [CrossRef]

17. Lai, S.T. Treatment of severe acute respiratory syndrome. Eur. J. Clin. Microbiol. Infect Dis. 2005, 24, 583–591. [CrossRef]

http://doi.org/10.1001/jama.2020.6775
http://www.ncbi.nlm.nih.gov/pubmed/32320003
http://doi.org/10.1073/pnas.2004168117
http://www.ncbi.nlm.nih.gov/pubmed/32253318
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1111/all.14238
http://doi.org/10.1016/S0140-6736(20)30628-0
https://www.who.int/publications-detail/home-care-for-patients-with-suspected-novel-coronavirus-(ncov)-infection-presenting-with-mild-symptoms-and-management-of-contacts
https://www.who.int/publications-detail/home-care-for-patients-with-suspected-novel-coronavirus-(ncov)-infection-presenting-with-mild-symptoms-and-management-of-contacts
https://covid19treatmentguidelines.nih.gov/introduction/
https://covid19treatmentguidelines.nih.gov/introduction/
http://doi.org/10.1016/S1473-3099(20)30141-9
http://doi.org/10.1001/jama.2020.4940
http://doi.org/10.1002/jmv.25882
http://doi.org/10.1016/j.ajpath.2020.05.014
http://doi.org/10.3324/haematol.2020.261784
http://doi.org/10.1038/s41467-021-23469-2
http://doi.org/10.7326/0003-4819-145-8-200610170-00139
http://doi.org/10.1007/s10096-004-1271-9
http://doi.org/10.1007/s10096-005-0004-z


Metabolites 2021, 11, 761 10 of 10

18. Soo, Y.O.; Cheng, Y.; Wong, R. Retrospective comparison of convalescent plasma with continuing high-dose methylprednisolone
treatment in SARS patients. Clin. Microbiol. Infect. 2004, 10, 676–678. [CrossRef]

19. Li, L.; Zhang, W.; Hu, Y.; Tong, X.; Zheng, S.; Yang, J.; Kong, Y.; Ren, L.; Wei, Q.; Mei, H.; 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 2020, 324, 519. [CrossRef]

20. The RECOVERY Collaborative Group. Dexamethasone in Hospitalized Patients with Covid-19. N. Engl. J. Med. 2021, 384,
693–704. [CrossRef]

21. Rajendran, K.; Narayanasamy, K.; Rangarajan, J.; RathinamJeyalalitha, N.M.; Ramachandran, A. Convalescent plasma transfusion
for the treatment of COVID-19: Systematic review. J. Med. Virol. 2020, in press. [CrossRef]

22. Du, L.; He, Y.; Zhou, Y.; Liu, S.; Zheng, B.-J.; Jiang, S. The spike protein of SARS-CoV–at arget for vaccine and therapeutic
development. Nat. Rev. Microbiol. 2009, 7, 226–236. [CrossRef]

23. Lutz, H.U.; Späth, P.J. Anti-inflammatory effect of intravenous immunoglobulin mediated through modulation of complement
activation. Clin. Rev. Allergy Immunol. 2005, 29, 207–212. [CrossRef]

24. Basta, M.; Van, G.F.; Luccioli, S.; Billings, E.M.; Vortmeyer, A.O.; Baranyi, L.; Szebeni, J.; Alving, C.R.; Carroll, M.C.; Berkower, I.;
et al. F(ab)’2-mediated neutralization of C3a and C5a anaphylatoxins: A novel effect or function of immunoglobulins. Nat. Med.
2003, 9, 431–438. [CrossRef] [PubMed]

25. Gralinski, L.E.; Sheahan, T.P.; Morrison, T.E.; Menachery, V.; Jensen, K.; Leist, S.R.; Whitmore, A.; Heise, M.T.; Baric, R.S.
Complement activation contributes to severe acute respiratory syndrome coronavirus pathogenesis. MBio 2018, 9, e01753-18.
[CrossRef]

26. Abe, Y.; Horiuchi, A.; Miyake, M.; Kimura, S. Anti-cytokine nature of natural human immunoglobulin: One possible mechanism
of the clinical effect of intra venous immunoglobulin therapy. Immunol. Rev. 1994, 139, 5–19. [CrossRef] [PubMed]

27. Basheer, M.; Saad, E.; Hagai, R.; Assy, N. Clinical Predictors of Mortality and Critical Illness in Patients with COVID-19 Pneumonia.
Metabolites 2021, 11, 679. [CrossRef]

28. Caricchio, R.; Gallucci, M.; Dass, C.; Zhang, X.; Gallucci, S.; Fleece, D.; Bromberg, M.; Criner, G.J.; Temple University COVID-19
Research Group. Preliminary predictive criteria for COVID-19 cytokine storm. Ann. Rheum. Dis. 2021, 80, 88–95. [CrossRef]

http://doi.org/10.1111/j.1469-0691.2004.00956.x
http://doi.org/10.1001/jama.2020.10044
http://doi.org/10.1056/NEJMoa2021436
http://doi.org/10.1002/jmv.25961
http://doi.org/10.1038/nrmicro2090
http://doi.org/10.1385/CRIAI:29:3:207
http://doi.org/10.1038/nm836
http://www.ncbi.nlm.nih.gov/pubmed/12612546
http://doi.org/10.1128/mBio.01753-18
http://doi.org/10.1111/j.1600-065X.1994.tb00854.x
http://www.ncbi.nlm.nih.gov/pubmed/7927413
http://doi.org/10.3390/metabo11100679
http://doi.org/10.1136/annrheumdis-2020-218323

	Introduction 
	Results 
	Clinical Characteristics of the Patients Treated with or without Convalescent Plasma 
	Association between Clinical Parameters, Convalscment Plasma Therapy and Mortality in COVID-19 Patients 
	The Effect of Convalescent Plasma on the Hospitalization Length and Time to Negative PCR 
	The Effect of the Convalescent Plasma on COVID-19 Patients’ Inflammatory Status 

	Discussion 
	Conclusions 
	Methods 
	Study Population 
	Study Design 
	Eligibility Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Severity of Illness Categories 
	Ethics 
	Statistical Analysis 

	References

