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Effectiveness and controversy of convalescent plasma

therapy for COVID-19 patients

Since December 2019, a pneumonia associated with sever acute 
respiratory syndrome corona virus 2 (SARS-CoV-2), named as corona 
virus disease 2019 (COVID-19) by World Health Organization (WHO), 
emerged in Wuhan, China. The virus spread worldwide with 
staggering rate was announced a global pandemic by the WHO in March 
2020. SARS-CoV-2 continues to spread around the world, at the 
beginning of November, 2020, over 50 million people have been infected,
causing over 1.2 million  deaths (https://coronavirus.jhu.edu/) in more 

than 200 countries，and these numbers continue with high speed increase

.
Till today, there are still no approved specific antiviral drugs and 

therapies for COVID-19. Despite the efforts of scientists around the 
world, only a few targeted therapeutics, such as remdesivir, favipiravir, 
chloroquine are available to help prevent or relieve this disease, the 
antiviral efficacy of these drugs is not yet known. It is an urgent need to 
look for an alternative strategy for COVID-19 treatment, especially 
among severe patients. Meanwhile convalescent plasma therapy, a 
century-old medical treatment is being recommended as a feasible and 
immediate option for alleviating the suffering of this disease. Serum 
(plasma minus clotting factors) therapy was widely used to treat a range 
of infectious diseases such as scarlet fever and pneumococcal pneumonia 
over one hundred years. Plasma is used to treat a variety of diseases (such
as hepatitis, mumps, polio, measles, rabies) and other infectious diseases 
(such as influenza, Argentine haemorrhagic fever, Middle East 
Respiratory Syndrome, Zaire ebolavirus. Most relevant and encouraging 
is the use of convalescent plasma during 2 previous coronavirus 
epidemics: severe acute respiratory syndrome (SARS) in 2003, and 
Middle East respiratory syndrome (MERS) in 2012. Theoretically 
speaking, virus specific neutralizing antibody, which could accelerate 
virus clearance and prevent entry into target cells, additionally alleviates 
hypercytokinemia. The high degree of success in achieving satisfactory 
clinical effects during these coronaviruses outbreaks establishes a 
compelling precedent and supports the notion that convalescent plasma 
could be a viable option for treatment of COVID-19 patients, particularly 
upon early administration. On account of this novel Beta coronavirus in 
2019 is similar to SARS-CoV and MERS-CoV, based on its genetic 
proximity. There are some reasons to suppose convalescent plasma is a 
promising remedy for COVID-19.
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The effectiveness of the convalescent plasma in COVID-19:

The convalescent plasma treatment is based on the principle of 
passive antibody therapy, a short-term strategy whereby antibodies from 
someone who recovered from an infection can be administered to protect 
or treat other infected patients. Antibodies are immune proteins that mark 
the evolution of the host humoral immune response to infection. 
Antibodies can be measured in a sensitive and specific manner, providing
an archive that reflects recent or previous infection. If maintained at 
sufficiently high levels, antibodies can rapidly block infection on 
reexposure, conferring longer protection. Therefore, for COVID-19 
patients, the expedited approach could prove lifesaving, such as 
improving the clinical symptoms, increasing the neutralizing antibody, 
decreasing the viral load even to negative, reducing the death rate, with 
safety and without seriously ADE. An Open-label, Expanded Access 
Program (EAP) initiated by Michael J and his colleagues, the results 
supposed that the convalescent plasma treatment induced mortality in 7 
days and 30 days in patients included a high proportion of critically-ill 
patients. Meanwhile, the relationships between reduced mortality and 
both earlier time to transfusion and higher antibody levels provide 
signatures of efficacy for convalescent plasma in the treatment of 
hospitalized COVID-19 patients. In a preliminary uncontrolled case 
series of 5 critically-ill patients with COVID-19 and Acute Respiratory 
Distress Syndrome (ARDS), administration of convalescent plasma 
containing neutralizing antibody was followed by improvement in their 
clinical status. Following plasma transfusion, body temperature 
normalized, the sequential organ failure assessment (SOFA) score 
decreased, and PAO2/FIO2 increased at different times. Viral loads also 
decreased and became negative and neutralizing antibody titers 
corresponding increased following the transfusion. A similar and 
promising result was found in another program. A retrospective, 
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 controls who were hospitalized with COVID-
19, further more survival also improved in plasma recipients. More than 
that no significant transfusion-related morbidity or mortality was 
observed in this convalescent plasma-recipient cohort, nor in a much 
larger national, multicenter cohort, however, potential harms are 
associated with plasma transfusion. Allergic reactions to plasma are 
typically mild and self-limited, but anaphylaxis, while rare, can occur.
The accessibility of the convalescent plasma in COVID-19:

Despite the high rate of SARS-CoV-2 infection, the relatively low 
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mortality rate（the mortality rate fluctuated between 0.3% and 0.66%）, 

high recovery rate, provides a rich pool of donors. However, potential 
COVID-19 donors must meet several eligibility criteria that ensure the 
donor has antibodies against SARS-CoV-2 and lacks the presence of 
other types of infections. Additionally, only plasma with high anti-SARS-
CoV-2 titers of immunoglobulins G and M(IgG and IgM) are used, as 
determined by ELISA. The other concern is that the donors worry about 
antibodies in plasma be drawn and not be able to deal with re-infection. 
On the one hand, the level of specific neutralizing antibody decreases 
naturally since the half-life of antibodies. Cao and his colleagues showed 
that the neutralizing antibody to SARS-CoV decreased gradually 4 
months after the disease process, reaching undetectable levels in 25.6% 
(IgG)and 16.1% (neutralizing antibodies) of patients at 36 months after 
disease status. A paper about patients with the MERS-CoV and workers 
exposed the healthcare showed that the prevalence of MERS-CoV IgG 
seroreactivity was very low (2.7%), and the antibodies titers decreased 
sharply within 3 months. On the other hand, unlike previous studies, an 
Icelandic study suggested stability of SARS-CoV-2 humoral immunity. It
is well known that infections and vaccines generate two waves of 
antibodies: the first wave is generated by early short-lived plasma cells, 
poised to populate the systemic circulation, but this wave subsides rapidly
after resolution of acute infection. Most crucially, the second wave is 
generated by a smaller number of longer lived memory cells that provide 
long-lived immunity. So there is no need to worry too much about the 
decline of antibody concentration.

Figure1 :The number of B cells and level of antibody in first and repeated
infection.
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   The first wave is primary immune response, naive B cell become 
activated, and differentiate into antibody-secreting cells that produce 
antibodies specific for the antigen from corona virus. Long-lived memory 
B cells are generated during the primary response. The second immune 
response is elicited when the same antigen stimulates these memory B 
cells, leading to rapid proliferation and differentiation and production of 
greater quantities of specific antibody than are produced in the primary 
response. 

The potential deficiencies and counter measures of the convalescent 

plasma in COVID-19:

In the present  study,  even though  no severe adverse effects  were
observed  in  convalescent plasma therapy, there are some potential risks
and deficiencies. One theoretical complication that may arise is antibody-
dependent  enhancement(ADE),  an antibody mediated proinflammatory
disease  enhancement. These  antibodies from  donors may  aberrantly
activate fragment crystallizable(Fc) or complement receptors, increasing
recruitment of proinflammatory cytokines and chemokines to the site of
infection and causing severe tissue damage. More than that, the presence
of  non-neutralizing  antibodies  may exacerbate  viral  endocytosis  or
phagocytosis into host cells, potentializing viral replication. However,  it
is clear that this phenomenon is well known with Dengue and other viral
diseases, but there have not been any reported ADE cases with the use of
convalescent  plasma  for  SARS,  MERS,  or  COVID-19. As mentioned
above,  the  second  shortcoming  is  that  immunization with  passive
antibody therapy  as typically of shorter-term protection, in part because
of the half-life of antibodies in circulation. In spite of the  convalescent
plasma treatment  protect patients  with  COVID-19  for  a  little  time,
clinically the short-term therapy may protect severe patients from critical
situations by disappearance of viremia, and improved clinical symptom,
and keep them out of danger. And this shortcoming may be resolved by
multiple transfusions which can provide longer protection.

The third key factor associated with efficacy is the transfusion time 
point. A better treatment outcome was observed among SARS patients 
who were given convalescent plasma before day 14, highlighting the 
importance of timely rescue therapy. The mean time from onset of illness 
to convalescent plasma transfusion was day 16.5. Consistent with 
previous research, patients receiving plasma transfusion given before day 
14 in the study showed a rapid improvement of lymphocyte counts, CRP, 
and remarkable absorption of lung lesions in CT. But these studies are 
small scale and non-randomized, the optimal transfusion time point needs
further research to determine in the future. Also, for different types of 
patients, the dosage of transfusion should be taken into account. 
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Figure 2: Effectiveness, potential deficiencies and counter measures 
of convalescent plasma therapy. 

Conclusion  Facing with the seriousness and uncertainty of COVID-
19 epidemic, it is pressing to pursue a more effective and systematic 
approach for treatment. Especially to develop convalescent plasma 
therapy into a more viable (albeit short-term) and more standardized 
treatment option for the severe even critically ill.
Meanwhile, it is urgent to perform large sample randomized controlled 
trials to confirm the transfusion timing, dosage, frequency and actively 
prevent adverse outcomes that may occur, establishing a standard 
procedure for treatment from convalescent plasma collection, 
preservation, transport, to transfusion. 
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