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Abstract

Background: The COVID-19 virus, in terms of pathogenesis and disease spectrum, resembles its predecessor viral strains
which caused outbreaks of SARS and MERs. Due to unavailability of approved treatment protocols, healthcare workers
initiated treatment of COVID-19 patients with convalescent plasma therapy. Objective: To appraise similarities between
the three Coronaviruses and deduce the effectiveness of CP therapy based on exploration of its efficacy in the SARS and
MERS outbreaks. Analysis: A narrative review of case reports, randomised controlled trials and meta-analysis studies, on
use of CP therapy in SARs and MERS, was conducted. Studies evaluated for the purpose of this review were added
through search engines of PubMed Central and Google Scholar. Results: We concluded that CP therapy had been able to
play pivotal roles in treating critically-ill SARS and MERS patients. The risks of unintended immunological responses
among other factors, hindering CP Therapy’s approval from drug administration authorities, were weighed against
favourable chanisms, such as hypercoagulability, that support its use in COVID-19 patients. Conclusion: Findings
collected from these studies steered our path to theorize the possibility of reducing mortality with convalescent plasma
therapy and support our rallying efforts for enlisting this in the official treatment protocol of COVID-19.
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1. Introduction

Coronaviridae are single-stranded, enveloped RNA (ribonucleic acid) viruses, betacoronavirus being the prime talk
in the field of medicine [1]. Human and animal variants of the betacoronavirus are largely associated with mild
respiratory symptoms, whereby both human-to-animal or animal-to-animal transmissions have been consistently
identified. In the past, however, two of these pathogens were known to cause highly transmissible respiratory illnesses
that led to alarming regional outbreaks, namely SARS-CoV and MERS-CoV [2].

The current Public Health Emergency of International concern, as the World Health Organization (WHO) quotes,
was set in motion after a pneumonia-like illness first appeared in Wuhan, China. Extensive research using deep
sequencing techniques and clinical reports gathered from healthcare workers globally, the disease now labelled
COVID-19, is caused by a species of coronavirus with a higher infectivity rate than previous outbreaks [3]. On 11%
March, approximately three months after the origin, WHO characterized COVID-19 as a pandemic. This highly
communicable disease has since infected 2,436,743 people worldwide and caused 165,310 deaths (latest update as of
22" April 2020). As of now, 213 countries or territories have been infected with this deadly virus, while studies
suggest close proximity with infected patients as the major source of disease spread [4].

Repeated outbreaks and emergence of new species foreshadow the crippling status of our healthcare system and
failure of cutting-edge research tactics, as no preventive or therapeutic measure is currently available for either virus
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species. Lately, medical professionals around the globe are considering opting for conventional treatment methods for
COVID-19, i.e. convalescent blood plasma therapy, which was successfully implemented on other variants of
coronavirus such as SARS and MERS. In this article, we review this potential technique as adjunctive treatment for
newly emerging diseases, deemed partially successful in the past.

2. Fundamentals of Convalescent Plasma Therapy

Implementation of Passive immunization (PI) for both prevention and treatment of emerging infectious diseases
can be traced back to the early 20th century. This is a simple method to achieve rapid short-term immunization, by
delivering pathogen-specific antibodies to infected patients. Initially obtained from animal sera (mostly horses and
rabbits) this concept has been a lifesaver for many acute infections since its introduction and has shown promising
roles in cancer immunotherapy [5, 6]. Human blood or serum was in contemplation but not widely used. Although
antibiotics have superseded this age-old technique for treatment of bacterial infections, it remains a potent tool for
viral infections wherein lack of vaccines or treatment is noted [6, 7].

Convalescent blood products (CBP) are a potential source of antibodies originating from immune cells of a patient
after being exposed and surviving a certain infectious disease. This newly gained humoral immunity can be extracted
via CBP and later transfused into patients with similar illness. CBP transfusion can neutralize the pathogen and
ultimately contribute to its complete removal from an infected patient’s blood circulation [8, 9]. The following CBPs
have been in use, as suggested by studies: (i) convalescent whole blood (CWB), convalescent plasma (CP) or
convalescent serum (CS); (ii) pooled human immunoglobulin (lg) for intravenous or intramuscular route of
administration; (iii) high-titre human Ig; and (iv) polyclonal or monoclonal antibodies [5-8]. Separation of blood into
its components for passive immunity involves apheresis which involves taking whole blood from a donor (patient),
separating its different components and extracting one specific component [10]. The remaining (non-usable) blood
components are reinserted into the donor’s (patient) bloodstream. Using this technique to withdraw plasma is of great
advantage as ample amounts of plasma can be extracted in each session and no known adverse effects on the donor’s
hemoglobin, due to re-infusion of its red blood cells, are noted [11]. This can further be illustrated in Figure 1 [12].
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Figure 1. Fundamentals of convalescent plasma therapy

3. Advancements in Convalescent Blood or Plasma Therapy Since 1890

The first approach of using CP therapy dates back to 1890 when blood serum was used for the treatment of
diphtheria. Initially obtained from immunized animals, the discovery of human blood or serum containing potential
antibodies mimicking those found in animal sera, was later made. Some other examples of bacterial diseases wherein
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CP was utilized are scarlet fever and pertussis, in the 1920s and the 1970s respectively [11]. Studies conducted in the
year 1918 [13], amidst the Spanish influenza pandemic, demonstrated effective use of CBP, including a meta-analysis
which showed substantially reduced mortality risk in patients treated with CBP [14-19]. The positive response of CP
with reference to the recently, avian HIN1, H5N1 and other organism related acute respiratory infections (SARI) was
evaluated based on clinical applications on patients, in the coming decades. In addition, animal models of influenza
pneumonia have also shown satisfactory response of convalescent serum [20-30]. Other viral infections [31-33] such
as Influenza [34], mumps [35], Herpes zoster [36], Poliomyelitis [37], and measles were also treated effectively [29,
38]. However, in some of those early clinical examples, whole blood was transformed into serum by allowing it to
clot, specifically known for treatment of measles [29].

Regarding the potency of CP for use in haemorrhagic fever diagnosis, a young woman with Ebola Virus (EBOV)
was transfused plasma from a survivor of Marburg virus, a closely related infection.

This however, reaped no benefits. Although WHO prioritized the use of CP for Ebola Virus Disease (EVD) during
the 2014 outbreak [39, 40], a study showed inadequate response to survival rates where CP was used [41]. Contrarily,
patients with Argentine haemorrhagic fever, receiving CP treatment [42-45] showed lower mortality rates in a double
blind study conducted in 1979 compared to subjects treated with "natural plasma". Another study on this, stretching
over approximately three decades, showed a substantial difference in total mortality among patients diagnosed with
traditional or CP care. Likewise, patients diagnosed with Lassa fever, another type of viral haemorrhagic fever,
apparently showed reassuring results after receiving CP [46]. Despite procedural limitations and insufficient statistics,
reference from above cited studies corresponds to the use of CP for various infections known [47].

4. SARS-CoV & Use of Convalescent Plasma

Close to comparison with COVID-19 is SARS or Severe Acute Respiratory Syndrome (SARS), which surfaced in
Guangdong Province, China in the fall of 2002 and spread to 29 territories causing about 8422 infected cases and 916
deaths. SARS alarmed the world of its first ever pandemic threat of the new century [48, 49]. Following an
unparalleled global public health campaign, the epidemic was contained within seven months of its first occurrence
[50].

A study by Cheng et al. (2005) reported CP transfusion to 80 SARS patients, two weeks following the onset of
their symptoms, along with antiviral ribavirin and methylprednisolone, between 20 March 2003 and 26 May 2003. No
significant side effects were recorded however patients transfused on day 14 displayed a faster discharge rate in
comparison to those who received CP on day 22. This implies that CP administered earlier (that is, prior to 14 days of
disease starting) during the course of the disease, might prove to be more favourable [51].

In an unrelated study by Yeh et al. (2005) CP obtained from healthcare workers exposed to SARS patients, after
failure with ribavirin and methylprednisolone, was administered before day 14 of the illness. Subsequent
documentation of anti-SARS IgM and IgG and other findings revealed that the virus was cleared within a day of
transfusion, followed by subsidence of fever and resolution of pulmonary infiltrates [52].

A case study on a 57-year-old SARS patient, receiving ribavirin and prednisolone showed positive progress with
reduced viral load. On day 14 she was administered CP as adjunctive treatment and within a few days fever subsided
and chest X-ray showed further resolution of basal lung infiltrates. Furthermore, Lingui Kong wrote in his report about
a 28-year-old pregnant female, clinically worsening, with steroids, antiviral medications and a respirator all deemed
ineffective [53]. However, impressive recovery occurred within 12-36 hours of CP transfusion. An interventional
study carried out in the Hong Kong Chinese University, 40 patients were randomly divided into a control group and an
experiment group (those transfused with CP) [54]. The result was insufficient because of small sample size but
satisfactory results were observed in those with CP intervention. Based on a multi-research conclusion, use of
convalescent plasma within the first two weeks might help shorten long hospital stays and adequately reduce mortality
[55].

5. Evidence-based Deductions of MERS-COV Management with Convalescent Plasma

In the heart of the Arabian Peninsula, emerged MERS-CoV, a respiratory illness causing species of coronavirus in
2012 in Saudi Arabia [56]. Named as the Middle Eastern Respiratory syndrome Coronavirus, outbreaks were reported
in regions as far as East Asia. As of January 2020, WHO reported a total of 2519 laboratory-confirmed cases,
including 866 associated deaths (case fatality rate: 34.3%) [57]. Since no targeted medication and vaccine was
available, global search for a standard therapeutic protocol was underway. With a symptom streak very similar to
COVID-19, we hope to find evidence-based deductions of using Convalescent Plasma therapy to treat and manage
patients marked positive in the current COVID-19 pandemic.

As mentioned earlier, passive immunotherapy with neutralizing antibodies was a heavily-used tactic to combat the
SARS epidemic. Hence, treating severely-ill MERS-CoV with CP was a go-to treatment option for healthcare
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workers. Chan et al. (2013) produced his study, within a year of the outbreak, calling attention to the use of previously
collected sera from SARS patients for it contained cross-reactive neutralizing antibodies which also proved to work on
this novel species [58]. Several other researches directed against finding the transmission source of the virus, used
serum samples from dromedary camels in the Middle East. These identified profound levels of MERS-CoV-specific
antibodies, further strengthening the dire need of putting the CP theory into application [59-61].

A study identifying these antibodies by Corti et al. (2015) isolated a potent MERS-CoV-neutralizing antibody
(LCA60) from memory B cells of an infected individual, which could neutralize MERSCoV [60]. The International
Severe Acute Respiratory and Emerging Infection Consortium (ISARIC) presented its recommendations on clinical
decision-making support for clinicians. This was last revised in 2017 and highlights facts pertaining to similarities
between SARS-CoV and MERS-CoV, thus providing benefits of adapting a similar treatment route [62].

Furthermore, a case report from a tertiary care hospital in Republic of Korea outlined the progress of 3 patients
with respiratory failure out of a total 45 MERS-CoV positive cases admitted. Positive MERS-CoV patients with
asymptomatic or mild disease processes were contacted in the 3™ week of their illness to kick-off CP therapy. This
time frame was chosen on the basis of presumed seroconversion rates that show maximum response in the 3rd week
[63].

Plasma drawn from the donors was checked for MERS-CoV PCR titers and any blood-borne pathogens, HBV,
HCV, HIV and syphilis, namely [64]. Patients’ progress was closely monitored with serological markers once or twice
after the infusion. The quantitative values of Anti-MERSCoV ELISA I1gG, ELISA IgA and indirect fluorescent
antibody (IFA) IgM along with MERS-CoV plaque reduction neutralization test (PRNT), were then matched against
cut-off values discovered in the study of Ko et al. (2016) [65]. The role of seroconversion was further highlighted in
another study whereby serologic responses were evaluated in 42 MERS patients who were grouped according to
disease severity [66]. Highest seroconversion was observed in patients with pneumonia withor without respiratory
failure. The results led us to the conclusion that plasma be collected from donors with moderate to severe respiratory
illness for optimum antibody activity and neutralizing activity of a PRNT titer >1:80, to carry out effective CP
infusion. ELISA I1gG could substitute for the neutralization test in resource-limited situations [63].

A detailed research by Arabi et al. (2016) screened serum samples to make an advanced understanding of the
feasibility of using convalescent plasma immunotherapy against MERS-CoV infection. With a sample size of 443
plasma donors, including healthcare workers and household contacts of laboratory-confirmed patients, the findings
paved the way for a successful clinical trial in future. But extensive serum screening would be required due to low
probability of donors with sufficiently high antibody titers. Antibody reactivity was found to be associated with the
timing of sample collection and the severity of illness. However, low seroreactivity results hinted at a possibility of
short antibody responses, which should be further looked into. Furthermore, screening of convalescent plasma for
presence of MERS-CoV antibodies was proved to be an indispensable tool owing to low prevalence of antibodies
calculated [67].

Concluding the study-based evaluation of convalescent plasma therapy for MERS-CoV, we shall quote the
exploratory meta-analysis namely, The Effectiveness of Convalescent Plasma and Hyperimmune Immunoglobulin for
the Treatment of Severe Acute Respiratory Infections of Viral Etiology. Though the essence of this review revolved
around SARS-CoV infection, the inference drawn supported the possibility of using convalescent plasma for MERS-
CoV with a well-devised clinical trial taking place beforehand [68].

6. Using Convalescent Plasma in the Current COVID-19 Pandemic

In the past, WHO through the Blood Regulator Network has recommended the utilization of convalescing plasma
or serum as empiric therapy when both vaccination and medication is unavailable for a certain infection [73].
Nonetheless, as of now, WHO guidelines concerning COVID-19 management to target prevention, case detection and
monitoring, and supportive care alongside simultaneous contact tracing [74].

The first use of CP for COVID-19 was reported in China, by Shen et al., when 5 of the most critically ill patients
were transfused with antibody-containing plasma. Patients with no comorbidity received plasma 10 days ahead of the
patient with known chronic disease. After confirmation of presence of 1gG and IgM anti-SARS-CoV-19 antibodies
and neutralization in in vitro cultures. While these patients continued with their specific antiviral treatment primarily
with lopinavir / ritonavir and interferon, the use of convalescent plasma may have helped in rehabilitation, as all
patients improved clinically within a week of the transfusion, in terms of organ failure assessment and body
temperature regulation. The study was carried out from January 2020 to March 2020.

Another study, involving a batch of 245 COVID-19 positive patients received convalescent plasma injections, and
improved clinical conditions were noted in 91 cases. All plasma used for transfusion had previously been checked for
neutralizing antibodies [75].
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A pilot study with 10 severely ill COVID-19 patients underwent plasma therapy as an adjunct to their antiviral
drug combination. 10 randomly-selected patients from an ongoing cohort study, were used to analyze the different
clinical outcomes of the two groups. All clinical symptoms substantially improved within 1-3 days of transfusion.
After administering CP, three patients were weaned off from artificial ventilation to a high-fluid nasal cannula. In
comparison, constant oxygenation was changed to sporadic in one patient. Chest CTs being the definite test of
evaluation, demonstrated varying resorption of pulmonary lesions after CP transfusion in all these patients, who were
previously reported to have massive infiltration and widespread ground-glass attenuation. Seven patients from the CP
group being treated and discharged, meanwhile three patients from the control group succumbed. The findings also
revealed that the CP-contained antibodies had alleviated inflammation and overreaction of the immune system [76].

On April 13th US Food and Drug Administration published its recommendations for use of plasma in management
of COVID-19 [77]. With components of the guideline highlighting issues related to its use, FDA has also stated that
plasma from those recovering from covid-19 may contain virus antibodies may be effective to counter infection and
plasma from recovered patients must be obtained who have shown no such symptoms for two weeks and have been
tested negative for COVID-19. To be eligible for convalescent plasma treatment, FDA has announced that COVID-19
patients must have a severe or life threatening condition such as respiratory failure, septic shock, multi-organ
dysfunction, shortness of breath and so on. Based on our preliminary findings, CP therapy for extreme COVID-19
patients can be a readily accessible, promising and safe rescue option.

7. Potential Risks and Benefits Involved in Using Convalescent Plasma Therapy

According to data included, the potential risks of passive convalescent sera administration are broadly divided into
established and hypothetical. Established threats are blood circulation threats, including unintended contact with
another infectious disease agent and serum-based reactions i.e. immunological responses, most commonly serum
sickness. Chances of accidentally spreading recognized infective agents or inducing transfusion reactions, is small
with current blood banking strategies and regular pathogen screening. On the other hand, hypothetical vulnerability
involves an antimicrobial dependent enhancement (ADE) phenomenon, which is associated with an increase in the
presence of certain antibodies. Laboratory studies have shown prospective use of one anti-coronavirus antibody for
another strain, owing to the numerous pathways identified [68].

Surprisingly, convalescent plasma is also known to regenerate coagulation factors, along with inhibition of viral
replication, in hemorrhagic fevers such as Ebola [69-71]. Inhibition of viremia, noted maximum in the first week of
infection, is a pivotal parameter demonstrating the efficacy of CP therapy. Over the course of 10 to 14 days, a primary
immune response accompanied by removal of the virus occurred. A study in vivo also found antibodies to impact free
viral clearance and blocking of infection along with increased cell clearance. In closing, this entails that CP therapy
administered at an initial stage of disease is more favorable [72].

8. Conclusion

Given the economic and thereby the healthcare system in underdeveloped and developing countries, where more
than half the population cannot afford long and complex hospital stays or lockdowns for long stretches, the disease
spread must be delayed at all costs. With evidence, we can conclude that localized herd immunity can help slow
down its soaring infectivity rates in vulnerable populations, in the absence of an approved vaccine or successful drug
regime. Convalescent plasma therapy could prove to be the most vital arsenal in the war against COVID19, with
respect to its fairly-promising aforementioned results. Prompt action must be taken to identify all prerequisites
required for this, along with appropriate testing of the plasma from recovered patients. Availability of this plasma
ready-for-use can be proceeded with timely contact tracing, collection, antibody-testing and distribution where
needed. Policy-makers with the help of medical personnel, working diligently on the forefront should, therefore,
consider passive immunity as the mainstay for COVID-19 to protect the health of those most vulnerable i.e.
immunocompromised patients, including the elderly and those with chronic diseases.
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