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Abstract \
Middle East respiratory syndrome (MERS), severe acute respiratory syndrome (SARS), and SARS-CoV-2 infection (causing

coronavirus disease 2019 [COVID-19]) are serious diseases. To date, no effective post-exposure prophylaxis, prevention, or
therapeutic agents are recommended as effective for these diseases. Convalescent plasma (CP), donated by individuals with
established humoral immunity to the virus after recovering from coronavirus infection, has been successfully applied to treat several
infectious diseases, including SARS, MERS, and COVID-19. Nonetheless, there are obstacles and challenges to using CP that
should be taken into account. In this review, we summarize the evidence derived from clinical attempts to treat COVID-19 with CP,
which represents a promising therapy for severe coronavirus infection. Furthermore, we outline the remaining challenges and
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general issues that should be considered when using CP treatment for therapeutic or prophylactic purposes.

Introduction

The coronavirus family causes a variety of diseases, such as the
common cold, and more serious diseases, such as severe acute
respiratory syndrome (SARS) (causing an outbreak in 2003) and
Middle East respiratory syndrome (MERS) (causing an outbreak
in 2012), which represent dangerous respiratory disease. The
recent outbreak of novel SARS-CoV-2, which causes coronavirus
disease 2019 (COVID-19), has resulted in a worldwide
pandemic. Up to November 30, 2020, over 62.629 million
COVID-19 cases have been reported in 191 countries or regions,
resulting in over 1.458 million deaths.!"! The spread of COVID-
19 is more severe than that of SARS and MERS, resulting in a
global health crisis. Consequently, scientists and physicians are
urged to develop effective and safe therapeutic strategies to cure
this disease.

To date, no effective post-exposure prophylaxis and preven-
tion for COVID-19, and no specific anti-SARS-CoV-2 agents, are
recommended as effective for COVID-19. Some drugs are being
investigated, such as lopinavir/ritonavir, chloroquine, and
remdesivir; however, their efficacy is in dispute.”>*! Lopinavir/
ritonavir has been recommended to treat COVID-19 in Chinese
guidelines; however, lopinavir-ritonavir was shown to have no
treatment benefit for severe COVID-19 in a recent trial;
therefore, a definite effect remains to be confirmed. Remdesivir
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has been reported to possess a potential anti-viral effect, and is
considered as one of the best hopes to treat COVID-19."!
Remdesivir has been shown to improve clinical status, and
shorten the hospital stay of patients with COVID-19,!°!
however, treatment with remdesivir provided no significant
effect to reduce mortality in seriously ill patients with COVID-19
in another randomized, double-blind, placebo-controlled, multi-
center trial.”! The anti-malarial drug hydroxychloroquine has
been shown to reduce the SARS-CoV-2 viral load or reduce the
risk of progression to severe illness in patients with COVID-19.
However, several studies showed that hydroxychloroquine
administration to patients with mild-to-moderate COVID-19
did not produce a significantly higher probability of negative
conversion compared with that of standard care alone.l%13!
Hydroxychloroquine recipients experienced higher rates of
adverse events compared with those in non-recipients.!'*!
Furthermore, in the absence of an effective vaccine, alternative
strategies to treat COVID-19 are urgently required.

The therapeutic potential of convalescent plasma

Convalescent plasma (CP) therapy has been used to prevent and
treat infectious diseases for over a century. Suppression of
viremia by the antibodies present in CP is one possible reason for
its therapeutic use.l'*! CP obtained from patients with an
established humoral immunity against the virus and who
recovered, comprises abundant neutralizing antibodies (NADb)
that could neutralize virus and lead directly to its eradication.'
1 The antibody-mediated therapeutic effect of CP might act via
other mechanisms, such as phagocytosis, antibody-dependent
cellular cytotoxicity, and complement activation.*! In addition
to NAb, other proteins in CP such as anti-inflammatory
cytokines, clotting factors, natural antibodies, defensins, pen-
traxins, and other undefined proteins may provide further
benefits such as immunomodulation via amelioration of systemic
hyper-inflammation, which was supposed to be an important
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mechanism of disease deterioration in COVID-19 patients.!'”!

Since 2000, SARS, MERS, H5N1, and HIN1 pandemics have
been treated successfully using CP.1*'~2*! Early CP treatment for
SARS was reported to be associated with a decreased viral load, a
reduction in hospital stay, and lower mortality.[*1>52¢1 The
CP therapeutic approach was recommended as an empirical
treatment during outbreaks of Ebola in 2014, and a protocol for
using CP to treat MERS coronavirus has been established.?”’
Considering the similar virological and clinical characteristics
among COVID-19, MERS, and SARS, CP obtained from an
infected person who has recovered from SARS-CoV-2 infection
was considered as a promising option to treat COVID-19.128:2%1 A
patient who has recovered from COVID-19 and has a high titer of
SARS-CoV-2 specific NAb might be a valuable CP donor.*% CP
treatment for COVID-19 is also suggested to alleviate the
inflammation and overactivation of the immune system, which
also suggested that CP could be a promising approach to treat
COVID-19; such that a study provided evidence that all enrolled
patients showed increased oxygen saturation levels and lympho-
cyte counts, together with improved liver function and decreased
C-reactive protein.>"!

CP clinical trials for coronavirus infection disease

There are no specific anti-viral treatments that are effective to
manage COVID-19; therefore, clinicians have turned to CP as a
last resort to improve the survival of patients with severe
coronavirus infection. Studies have shown that CP could be
successfully employed to treat several coronavirus infection
diseases, including SARS-CoVI21:26:31-3%1 3nd MERS-CoV [Ta-
ble 1].2%35]

Several studies applied CP to treat SARS and indicated that CP
exhibited a neutralizing antibody response toward the S protein
of SARS-CoV-2. These antibodies block the entry of SARS-CoV
into cells via angiotensin I converting enzyme 2 and could be
detected up to 2 years after SARS-CoV infection.!*®! Thus, it was
hypothesized that patients infected with SARS-CoV-2 would
benefit from CP transfusion.

During the early phase of the COVID-19 pandemic, some
clinical trials, especially in China, were conducted to employ CP
to treat COVID-19, and safety and efficacy were evaluated.
Subsequently, several clinical trials on the safety and efficacy of
CP administration to treat COVID-19 patients all over the world
have been published [Table 1]. Duan et al.* assessed 10 patients
with severe COVID-19 administered with one dose (200mL) of
CP infusion, who showed good tolerance and achieved SARS-
CoV-2 ribonucleic acid negativity, improved clinical symptoms
within 3 days, and lung lesion absorption within 7 days, which
were accompanied by a high neutralizing antibody level. Shen
et al. reported that five critically ill patients with acute respiratory
distress syndrome were transfused with CP containing NAb.
These patients also received antiviral agents, methylprednisolone,
and mechanical ventilator support. After the above treatment,
their clinical status improved significantly, and three patients
were discharged from the hospital after 51-55 days of hospitali-
zation, and two patients under an incubation period of 37
days.3”! Ye et al. reported that six patients with COVID-19 were
transfused with blood types (ABO)-compatible CP with no
obvious adverse effect. Five patients showed absorption of lung
lesions, two patients achieved SARS-CoV-2 ribonucleic acid
negativity, and two patients had increased serum titers of anti-
SARS-CoV-2 antibodies immediately.!*8! Zhang et al. tested six
donors who had recovered from COVID-19 for anti-SARS-CoV-
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2 antibodies using ELISA. Five of the samples tested weakly
positive for suspicious IgM positivity and high titers of IgG. One
patient who needed invasive mechanical ventilation received 200
mL CP from one of the above donors and did not require
mechanical ventilation at 11 days post-CP transfusion.**! Zhang
et al. reported that four critically ill patients with COVID-19,
including a pregnant woman, received CP transfusions within
200-2400 mL, among whom the pregnant woman was given a
300 mL CP transfusion. No serious adverse events were observed.
The clinical status of all patients improved, and for all patients,
repeated RT-PCR tests of respiratory samples were negative for
SARS-CoV-2.1*%! The aforementioned trials were mainly case
series without a group control, Abolghasemi et al. reported a non-
randomized multi-center case control clinical study that 115
patients with COVID-19 received 500mL CP transfusion
initially, and another 500 mL of CP were infused into patients
at 24hours after the initial transfusion according to the
physician’s decision. The results indicated that patient survival
improved, the hospitalization period decreased significantly, and
the need for intubation declined after CP administration.*!!
Olivares-Gazca et al.l*?! reported that 10 critically ill patients
with COVID-19 received 200mL of ABO-compatible CP
transfusion, after which their overall respiratory function and
clinical condition improved, and no adverse events were
observed. Salazar et al. reported that 25 patients with severe
or life-threatening COVID-19 were administered with 300 mL
CP, after which most patients showed an improved clinical status,
and no serious adverse events occurred; moreover, no correlation
was found between strain genotype and disease severity.[*3! In
another report, 26 patients with severe COVID-19 were
administered with 200mL of CP transfusion, and those with
early-stage COVID-19 who did not require mechanical ventila-
tion improved after CP treatment, and no severe adverse effects
were found.**! An open-label, multi-center, randomized clinical
trial was published recently by Li et al., which enrolled 103
patients with severe or life-threatening COVID-19. Fifty-two
patients received standard treatment and 4-13ml/kg body
weight of ABO-compatible CP (400 mL total) transfusions, the
other 51 patients received standard treatment only. Overall,
between the patients treated with CP plus standard care and those
treated with standard care alone, there was no statistically
significant improvement in time to clinical improvement within
28 days.[**1 Xia et al.*®! reported that 138 patients received 200—
400 mL of ABO-compatible CP at a median time of 45 days after
symptom onset, no severe adverse effects were observed, and the
symptoms and mortality in patients with severe or critical
COVID-19 improved. Liu et al. studied 39 patients with severe or
life-threatening COVID-19 to assess CP therapy effectiveness
using a retrospective, propensity score-matched case-control
study. Approximately 500 mL of ABO type-compatible CP was
transfused into each patient, and they found that the rate of
oxygen requirement in the CP group was less than that in the
control group and survival improved in the CP group; moreover,
no significant transfusion-related morbidity or mortality was
observed in the CP group; however, anaphylaxis, while rare,
could occur.*”! Zeng et al. reported that eight patients with
COVID-19 who were critically or severely ill received 200-400
mL of CP treatment. They found that all patients tolerated CP
well without any adverse effects, six of eight patients showed an
improved clinical status (oxygen support and pulmonary lesions),
the viral load was decreased to a negative in five patients, and
laboratory parameters tended to improve in most patients;
additionally, the results implied that the clinical efficacy might be
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associated with CP transfusion time, transfused dose, and the
NAD levels of CP.M*8! Rogers et al. explored a matched cohort
study, in which 64 patients with COVID-19 received CP and
another 177 matched patients were enrolled as controls. One to
two units of CP were transfused into each patient in the CP group.
The results showed that between the two groups, the overall
hospital discharge rate and the risk of in-hospital mortality were
not significantly different, but there was a signal for improved
outcomes among the elderly, necessitating further studies within
this subgroup.*”! Despite growing evidences supporting the use
of CP for treatment of COVID-19, further studies are necessary
to fully characterize its safety and efficacy.

Safety issues and obstacles to CP application

Although clinical trials using CP to treat coronavirus infection
have comprised small case series including no controls, and few
have been performed in a randomized manner, they have shown
favorable results, such as no severe adverse event and some
degree of benefit.>!'”! However, the safety issues and some
important aspects should be taken into account, including the
following: (1) case inclusion criteria suitable for CP treatment for
therapeutic or prophylactic purposes, including sex, age, clinical
indications or clinical classification of COVID-19, and eligibility
criteria to collect the donors of convalescent COVID-19 patients,
which might be based on national regulations; (2) a standard
procedure for the screening and collection of COVID-19 plasma,
including obtaining plasma during convalescence in a licensed
blood center; (3) quality control and follow-up monitoring
focusing on the risks of serum transmissible infectious diseases
(such as hepatitis B, hepatitis C viruses, and HIV) and antibody-
dependent enhancement of infection, which can lead to worsened
symptoms in secondary viral infections, transfusion-associated
circulatory overload, and transfusion-related acute lung injury
(TRALI);9321 (4) the interference effects of other therapies, such
as anti-viral drugs, steroids, and immunoglobulin; (5) the optimal
NAD titer of the donated CP, the optimal dosage, the time line,
and the batch of administration of CP for therapy or prophylaxis;
(6) NAD assays are not widely available, and there is a lack of
clarity regarding the relationship between neutralizing anti-
SARS-CoV-2 and total anti-SARS-CoV-2 antibodies; (7) the
definite efficacy should be confirmed by multi-center, larger scale,
randomized controlled trials;** and (8) how to reduce the high
cost, should also be considered.

Prospects

The world urgently requires the development of a specific
treatment for COVID-19 that ameliorates disease symptoms and
reduces mortality. Until such treatments are available, CP
treatment might represent a feasible response to the ever
increasing number of cases and deaths from COVID-19.1") As
more patients with COVID-19 recover, the number of potential
CP donors will increase. Nevertheless, CP’s therapeutic effective-
ness cannot be inferred without a controlled clinical trial. Even if
the existing data support the safety and potential efficacy of CP,
high-quality, large-scale, randomized controlled trials are needed
before using CP as standard care for COVID-19.
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