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A B S T R A C T

Coronavirus disease 2019 (COVID-19) caused by the novel coronavirus has become a Public Health Emergency
of International Concern. Among the various treatment proposals for COVID-19 infection, passive im-
munotherapy using plasma from recovering patients - "convalescent plasma" (CP)- could be a promising option
in the treatment of SARS-CoV-2 infections. Immune (i.e. "convalescent") plasma refers to plasma that is collected
from individuals, following resolution of infection and development of antibodies. Passive antibody adminis-
tration through transfusion of convalescent plasma may offer the only short-term strategy to confer immediate
immunity to susceptible individuals. According to the World Health Organization (WHO), the use of plasma
therapy is permitted when faced with «serious diseases for which there are no effective pharmacological
treatments». Several clinical trials are underway to test the effectiveness of hyperimmune plasma at various
stages of SARS-CoV2.The Food and Drug Administration (FDA), the U.S. regulatory authority, has approved the
use of CP for compassionate use in the treatment of patients with a critical COVID-19 infection. Below are the
general indications for drawing up clinical protocols for the integral management of "COVID-19-convalescent
plasma" for which the validation and approval of the Ethics Committees is still necessary.

1. Background

SARS CoV-2 is a new viral strain of Coronavirus, previously never
identified in humans. It was first reported in Wuhan, China, in
December 2019.Its diffusivity and epidemic/pandemic potential is
linked to the absence of an immune reactive response by the population
which, having never come into contact this strain, has not developed an
immune response and an immunological memory. SARS CoV-2 shares
79% of the gene sequence of the SARS coronavirus and penetrates the
cells by binding to the same ACE-2 [1] receptor. In the last 20 years, the
SARS-CoV-2 outbreak is the third caused by the Coronavirus family,
after the 2002–2003 SARS-CoV-1 and the 2013 MERS outbreak. The
new SARS-CoV-2 infection is much more contagious than the previous
two, but with a lower lethality rate [2,3]. Among the various treatment
proposals for COVID-19 infection, passive immunotherapy using
plasma from recovering patients - "convalescent plasma" (CP)-could be
a promising option in the treatment of SARS-CoV-2 infections [4].This
would make it possible to exploit the humoral immunity developed by
these patients against the virus to treat and prevent a worsening of the
condition of patients with active phase infection. Plasma infusions for
convalescents are a method already used and authorized by the World
Health Organization (WHO) to treat a range of diseases, such as polio,
measles, mumps, Ebola, SARS, Mers and H1N1.The used therapy

protocols differ in the following aspects: dosage, antibody titer and
timing of administration (Table 1).CP contains antibodies, which could
be valuable in fighting COVID-19 infection [5,6].According to the
WHO, the use of plasma therapy is permitted when faced with «serious
diseases for which there are no effective pharmacological treatments».
Several clinical trials are underway to test the effectiveness of hyper-
immune plasma at various stages of SARS-CoV2.The Food and Drug
Administration (FDA), the U.S. regulatory authority, has approved the
use of CP for compassionate use in the treatment of patients with a
critical COVID-19 infection. It has now become necessary to start
controlled and randomized clinical trials to consolidate the data ob-
tained from the sporadic clinical experiences. Below are the general
indications for drawing up clinical protocols for the integral manage-
ment of "COVID-19-convalescent plasma" for which the validation and
approval of the Ethics Committees is still necessary.

2. Passive immunotherapy-convalescent plasma (CP)-
hyperimmune plasma

2.1. Definition

Currently amenable immunotherapy modes can be divided into two
types: passive and active. The active type strengthens the immune
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system's response to various pathogenic attacks by activating both hu-
moral immunity and cell-mediated immunity, using the adaptive re-
sponse. Passive antibody therapy involves the administration of anti-
bodies against a given agent to a susceptible individual obtained from
Convalescent Plasma (CP) from subjects who have recovered from an
infection, monoclonal antibodies (mAbs),or preparations generated by
pharmaceutical company producing purified preparations containing a
high titer of neutralizing antibodies [42].Passive immunotherapy can
prevent the clinical development of the infection or reduce the severity
of the infection in those subjects recently exposed to various pathogens.
Its effectiveness is higher if administered for preventive purposes or at
an early stage from the onset of the symptoms [7,8]. A further use of CP
is the development of a polyclonal "hyperimmune globulin" concentrate
obtained from a pool of plasma donors called "hyperimmune plasma
",collected through apheresis from patients treated after an infection
and who have developed high serum titers of neutralizing antibodies
[43].

2.2. Mechanism of action

During plasma apheresis of SARS-Cov-2 healed donors, in addition
to neutralizing antibodies (NAbs), other proteins such as anti-in-
flammatory cytokines, coagulation factors, antibodies, defensins, pen-
traxins and other undefined proteins are collected [8].Therefore, CP
transfusion has an immunomodulatory action improving the severe
inflammatory response triggered by the infection [9].In Sars-CoV-2 an
excessive activation of the immune system with the development of a
systemic hyperinflammation or " cytokine storm " linked to the release
of IL-1β, IL-2, IL-6, IL-17, IL-8, TNF and CCL-2 has been shown; this
framework determines the development of a Systemic Inflammatory
Response Syndrome (SIRS) with enhanced damage on pulmonary ven-
tilatory capacity that results in severe fibrosis [10,11].

2.3. Characteristics of anti SARS−COV-2 antibodies

In patients with COVID-19 disease it is possible to observe an initial
antibody response “early” and a delayed antibody response “late” [20].
“Early" antibodies are mainly anti Spike protein (Ab-S) and enhance
virus induced apoptosis; "late" antibodies are mainly anti nucleocapsid
(Ab-N) and have a neutralizing action [21,22].It is of considerable in-
terest that serum conversion in COVID 19 + patients occurs 12 days
after infection but is not followed by rapid decline in viral load [23].
Such evidence is consistent with the finding of a non-optimal initial
endogenous antibody response. Therefore, overall, these results suggest
that the absence of reported serious adverse effects associated with
hyperimmune plasma infusion may be, at least in part, related to the
different quality of antibodies in convalescent patients at different
stages of the disease. For this reason, both a proper evaluation of the
antibody response in convalescent patients and an adequate titer of
neutralizing SARS-CoV-2 antibodies present in the collected plasma are
essential. The peak of IgG anti-Sars-CoV-2 and neutralizing antibodies is
detectable up to approximately 4 months, after which there is a decline
of up to 25-6% IgG antibodies and 16-1% Neutralizing antibodies in 36
months [24].The average antibody titer of neutralizing antibodies 1/60
(1/12 to 1/512) is almost similar to day + 35 and + 180 from the
onset of infection symptoms [25,26]. In addition, the antibody level in
convalescent patients has been correlated with the initial viral load and
independently associated with the severity of the disease in both
H1N1+ and MERS-CoV+patients [27,28].For such evidence it would
be preferable to collect the plasma of convalescent patients from a
significant Sars-CoV-2 disease.

3. Requirements for anti-Covid-19 hyperimmune plasma donor
candidates

Candidates for hyperimmune plasma donation are individuals with

documented SARS-CoV-2 infection who voluntarily and in an informed
manner adhere to plasma apheresis donation dedicated to the therapy
of complicated SARS-CoV-2 infections. In addition, they must have
recently recovered from COVID-19 and have been previously hospita-
lized. This also includes asymptomatic individuals in fiduciary quar-
antine at home and under active supervision following a positive test,
provided that they meet the following eligibility criteria:

- age between 18- and 65-years old weight not< 50 Kg [12,13];
- at least 14 days after clinical recovery (resolution of symptoms) and
negative documentation of two Nucleic Acid Tests (NAT) on naso-
pharyngeal swab and

- Reverse transcriptase-polymerase chain reaction (RT-PCR) plasma/
serum performed 24 h apart immediately prior to patient discharge
(if hospitalised);

- possible documentation of negativity of a NAT test on nasophar-
yngeal swab and RT-PCR plasma/serum 14 days after recovery (if in
fiduciary quarantine) (request not common to all protocols ex-
amined);

- negativity to testing for Covid-19 repeated at donation timing and
after 48 h;

- appropriate serum titer of specific antibodies (> 160 by Enzyme
Immunoassay (EIA) or equivalent value by other method, based on
other published case studies [14–16];

- absence of Human Leukocyte Antigen (HLA) antibodies.

It is recommended to verify the absence of Sars-Cov2 Rna on plasma
collected by RT-PCR [17].This target population provides for the col-
lection of a blood component with some exceptions to the standards
defined by the selection criteria of Ministerial Decree(MD) 2.11.2015
[18].These exceptions may concern the age of the donor, a short clinical
recovery interval (less than twice the incubation period, as re-
commended by the “Guide for the preparation, use and quality assur-
ance of blood components” published by the Council of Europe -
EDQM) [19] and the clinical use of donors not previously tested and
therefore without a previous sampling history that qualifies their safety
profile. On the other hand, the other criteria for the selection of the
donor referred to in the mentioned of MD 2.11.2015 must be respected,
especially the exclusion of individuals undergoing transfusion therapy
and/or with previous pregnancies. In addition to these convalescent
patients, regular blood donors should be considered if the specific an-
tibody titer in their serum is> 160 by EIA (or equivalent value by
another method), these persons fall into the category of donors that can
be used for the production of hyperimmune plasma because:

- they already meet the requirements of regular blood donors [18];
- a time equal to or greater than twice the incubation period (i.e. at
least 28 days) has elapsed since the clinical recovery of the disease,
as recommended by the “Guide for the preparation, use and quality
assurance of blood components” published by the Council of Europe
- EDQM [19].

4. Product requirements

Apheresis is a recommended procedure for obtaining plasma. This
procedure is based on continuous centrifugation of whole blood with
separation and collection of plasma. The effectiveness of this technique
is to obtain about 400–800mL of plasma from single aphaeretic do-
nation.

The Transfusion Service has premises suitable for the intended use,
in order to limit the risk of errors, as well as cleaning and maintenance
operations to minimize the risk of contamination. For apheresis activ-
ities, cellular separators must be used (e.g.in total we have two cellular
separators) with performance characteristics that guarantee the highest
degree of safety for the donor, as well as the quality of the final pro-
ducts, by meeting the requirements for the collection of apheresis
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hemocomponents as provided for by the current legislation. For the
sealing of the connection circuits of the sampling systems we have
soldering systems suitable to prevent the risk of microbial contamina-
tion during the collection and production of blood components and we
are in possession of a device designed to freeze the plasma produced, to
ensure compliance with the specifications defined by the regulations in
force. The collected plasma units will be subjected to the biological
qualification tests provided for by MD 2/11/2015 and therefore must
be negative for the following viral markers: - HBV- HIV−HCV serology
and molecular, Syphilis serology [18].

As this is convalescent plasma from non-periodic donors, HAV and
Parvovirus B19-DNA (<105 copies/ml) tests must also be performed.

-the content of Immunoglobulins (IgG, IgM, IgA),
-the specific antibody titer (by EIA must be> 160 or equivalent by

another method).
The effectiveness of this therapy has been associated with the con-

centration of neutralizing Ab in the plasma of donors [33]. Solvent/
detergent (S/D) treatment for viral plasma inactivation is a matter of
discussion [4,40] of literature data, as the treatment is not effective for
encapsulated viruses such as HAV and Parvovirus B19 and therefore the
procedure is not mandatory. Blood transfusion services should adapt
their serum banks to the storage of sera, while requesting the informed
consent of donors, allowing for subsequent epidemiological investiga-
tions of the blood donor population (Fig. 1).

5. Directions and methods of clinical use

Hyperimmune plasma has, as already reported in the background,
been successfully used in previous coronavirus epidemics:Sars-1 in
2003 and MERS in 2012 [29].In this Covid-19 epidemic there are
several reports in which this therapy has been used successfully
[30–32].The results suggest that the administration of plasma to con-
valescents is safe, reduces the viral load and improves the clinical
course [4] (Table 1).Controlled clinical trials are necessary to define the
most suitable treatment protocols in the various stages of Covid-19
infection, to test the safety and effectiveness of this passive

immunotherapy. Based on Chinese reports, the use of high-dose in-
travenous immunoglobulins (Ivig-HD) also seems promising; however,
the obtained data are few and therefore confusing.

The effectiveness and safety of plasma immunotherapy with con-
valescents' plasma is tested mainly in Asia with 5 types of clinical trials:

- Use of anti-Sars-Cov-2 plasma for post exposure prophylactic use
(Post-exposure prophylaxis)

- Use of anti-Sars-Cov-2 plasma in patients with mild disease (Mild
disease)

- Use of anti-Sars-Cov-2 plasma in patients with moderate disease
(Moderate ill patients)

- Use of anti-Sars-Cov-2 plasma as salvage therapy (Rescue therapy)
- Use of anti-Sars-Cov-2 plasma in high-risk pediatric patients (High
risk pediatric patients) [33]

On March 24, 2020, the Federal Drug Administration (FDA) of the
United States (USA) published guidelines for the use of the plasma of
convalescents−COVID-19 [34] and outlined three pathways for ther-
apeutic access to CP :

1. Compassionate use
2. Clinical Trials
3. Therapy protocols
The use for prophylactic purposes is not allowed.
The eligibility criteria are as follows:

• COVID-19 infection confirmed with NAT on nasopharyngeal swab
and RT-PCR plasma/serum.

• Severe or life-threatening Covid disease:
o Severe illness is manifested with one or more of the following
symptoms:
▪ dyspnea,
▪ respiratory rate≥ 30/min,
▪ SpO2≤ 93%,
▪ partial pressure of arterial oxygen to fraction of inspired oxygen
ratio< 300, PaO2/FiO2 < 300mm Hg in oxygen,

Fig. 1. Anti-SARS-CoV-2 hyperimmune plasma workflow.
Abbreviations: EUA-Emergency Use Authorization, CLIA-Clinical Laboratory Improvement Amendments, TRALI-Transfusion-Related Acute Lung Injury, ADE-an-
tibody dependent enhancement, HLA: Human Leucocyte Antigens.
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▪ lung infiltrates> 50% within 24–48 hours after infection
o Life-threatening disease is defined by one or more of the following
symptoms:
▪ Respiratory failure,
▪ Septic shock,
▪ Multi-organ failure (MOF)

• Informed consent of the patient or legal guardian.

• Positive PCR with seronegativity [35].

5.1. Volume and posology

The volume and posology of administration of hyperimmune plasma
are variable and anecdotal because they are based on clinical experi-
ence gained in previous epidemics and comparison with Chinese clin-
ical trials on patients affected by Sars-Cov-2 [32].

Based on the Sars-Cov-1studies, therapeutic hyperimmune plasma
was used at a dosage of 5ml/kg with an Ab neutralizing titer of 1: 160
[16].

It should also be considered that 3.125/mL kg of plasma have an
antibody titer> 1.64, therefore 5ml/kg of plasma corresponds to a
titer of hyperimmune globulins 1:160. If we consider a typical patient of
about 80 Kg the volume of plasma to infuse will be 250ml (3.125ml/kg
x 80 Kg= 250ml> 1.64 [31]).

The timing and therapeutic dosage to be used according to the
various clinical experiences is as follows: 250–300ml of hyperimmune
plasma administered to each of the admitted patients for a maximum of
3 times within 5 days [32].

The maximum administered volume must not exceed 600ml as the
use of higher volumes of plasma would be contraindicated due to the
risk of overload [41].

5.2. Timing of administration

Timely administration is strongly recommended, it is optimal in the
first 7 days, good efficacy within 14 days,certainly not indicated be-
yond three weeks after the onset of the disease. It is important to carry
out the therapy during the viral replication phase [31–34].

5.3. Interaction with other medicines

The possible synergistic associations or advantages of this product
compared to the simultaneous use of other drugs are not defined or
studied. In the absence of such data, the product should be assigned on
the basis of the approved clinical protocol.

5.4. Adverse effects and contraindications

Passive immunotherapy, according to studies conducted on Ebola
virus and Mers-Cov, does not involve severe adverse events except in
2% of cases in the form of Transfusion related acute lung injury
(TRALI). In most cases mild adverse events were found in 8% of patients
treated, 5% of whom had a febrile reaction and 4% an urticarial reac-
tion [28–35].

Studies performed on animal models (Rhesus Macaques) have
highlighted the risk of antibody-dependent enhancement (ADE).Rhesus
Macaques immunized with vaccines containing Covid-19 Spike protein
develop a high anti-Spike protein titer; it has been noted that infection
with Sars-Cov -2 of these guinea pigs causes severe lung damage (severe
acute lung injury- ALI),compared to non-immunized controls, despite a
low viral load [21].

This phenomenon is likely linked to early seroconversion prior to
virus clearance at lung level with an enhancement of macrophage de-
pendent inflammatory damage by these non-neutralizing antibodies
[36].

The tendency to ADE could be genetically determined, therefore in
these clinical trials on hyperimmune plasma, a small unknown

percentage of genetically susceptible patients could develop a wor-
sening paradoxical symptomatology [37,38]. Finally, this product is
subject to all precautions regarding undesirable effects and contra-
indications common to human plasma therapy; these include in parti-
cular:

- the absolute contraindication to its administration in complete IgA
deficits, (which is why the dosage of IgA is advised before the onset of
therapy)

- caution against circulatory overload (TACO) [39].

6. Conclusions

Hyperimmune plasma is a possible and powerful weapon against
Sars-Cov-2 by Covid -19.Further thorough studies are needed to test its
safety and the efficacy to make the best use of convalescent plasma on
an appropriate patient target.
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