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ABSTRACT 
Objectives: Hyperimmune - convalescent plasma transfusion appears to be a great 
resource in the current SARS-CoV-2 coronavirus pandemic and seems to be one of 
the few effective treatment modality available. However, its efficacy is variable and 
dependent on antibody/plasma volume concentration.  Methods & Results: This 
single center analysis from a forefront COVID-19 Italian hospital in 43 convalescent 
plasma donors demonstrated that this variability in neutralizing antibody (NAB) 
levels is related to the harvesting period after SARS-CoV-2 recovery and 
interestingly, on blood group type. Specifically, the optimal plasmaferesis time 
point was approximately two weeks post test negativation with a significant drop 
in NAB plasma levels (112±102 vs  60±26.9, p=0.003) observed at 30 days. In 
contrast, no correlation between NAB and IgG plasma levels was observed over time 
(r=0.48.). Subgroup analyses demonstrated that NAB levels where higher in male 
(115.1±110.7, p=0.0001) and in blood group AB (200±138.6, p=0.036) donors while 
group A patients (81.2±82.7, p=0.062) had the lower levels of NAB concentration.  
Conclusion: This analysis demonstrated that male patient with a AB blood group 
plasma which was donated within three weeks of convalescence contains the 
highest therapeutic levels of antibodies and these patients should be actively 
recruited to become donors.   
  
Keywords: Convalescent - Hyperimmune Plasma, Blood Transfusion, COVID-19, 
Pandemic, SARS-CoV-2 Corona Virus. 

 
INTRODUCTION 

In the recent literature, the data in favor of the use of COVID-19 convalescent - hyperimmune 
plasma for the management of a SARS-CoV-2 infection are growing (1). However, it is becoming 
increasingly clear that the efficacy of this therapeutic modality, which seems currently at the 
same of  monoclonal antibodies the only potentially effective one available, is possibly variable 
and dependent on the concentration of virus specific neutralizing antibodies in the donated 
plasma.  It is obvious that during the subsequent pandemic peaks which seems will be of similar 
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magnitude to the initial one we will need a way to assess the immunological effectiveness of 
this valuable resource possibly through a rudimentary screening process.   
  
The purpose of this study was to analyze the epidemiological, immunological and demographic 
data that have been acquired during the initial months of COVID-19 convalescent plasma 
banking and usage at a tertiary university affiliated care facility which is in the forefront of 
COVID-19 management in the north of Italy, and from these derive indications for the best use 
and applicability of this important resource.  
   

METHODS 
A retrospective analysis of collected data on the characteristics of convalescent plasma at our 
hospital over a period of three months (from March 2020 to May 2020), was performed. This 
review was conducted according to the guidelines of the hospital’s institutional review board. 
All individuals had consented to become plasma donors and to have routine data collected.  
These data were held securely in a centralized hospital computer database   
  
Selection of Convalescent Donors  
During the pandemic a designated care protocol for convalescent plasma harvesting, from 
patients who had contracted and recovered from SARS-CoV-2 infection thus developing 
immunity, was developed in our hospital for clinical use. Eligible donors’ names which had a 
negative SARS-CoV-2 polymerase chain reaction (PCR) test following a quarantine period of at 
least two weeks were provided to the transfusion service of our hospital by the Local Health 
Authority and they were approached so as to become plasma donors. Following their consent 
for donation, a peripheral blood screen for transmittable diseases (Hepatitis B & C, human 
immunodeficiency virus - HIV) and for quantification of neutralizing antibody (NAB) titers was 
performed.   
  
Recovered patients with NAB titers ≥ 1:40 who were medically suitable and consented to 
donation were subjected to plasmapheresis. At the time of plasma donation each donor had to 
have two negative nasopharyngeal swab PCR tests for SARS-CoV-2 and a negative SARS-CoV-2 
PCR test in blood. Donors were recalled again after one month to undergo repeat blood 
sampling for immunological and serological testing. All donors’ suitability was assessed 
according to current Italian guidelines and laws regulating blood product transfusion practice  
(1). Plasma collection was performed at the University Hospital Blood Transfusion Service.  
  
Collection Technique and Convalescent Plasma Analysis 
The collection technique was as previously described by Perotti and colleagues (1). Plasma 
collection was performed with the latest generation cell separation and apheresis (Trima 
Accel®, Terumo BCT, Lakewood, Colorado, USA and AmicusTM, Fresenius Kabi, Bad Homburg, 
Germany) devices. A plasma volume of approximately 600mL was collected during each 
procedure and immediately divided into three bags of 200mL each using a sterile tubing welder. 
Plasma collection was performed as previously mentioned at 15 days post convalescence, while 
serological measurements for IgG and NAB levels was performed at the 15 and 30 day time-
points.  
  
Plasma pathogen reduction was performed with the INTERCEPT® processing system (Cerus 
Corporation, Concord, California, USA) and the Mirasol® pathogen reduction technology (PRT) 
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System (Terumo BCT, Lakewood, Colorado, USA). The collected units were stored at a 
controlled temperature ranging from -40 to -25 °C (1).  
  
Serological and immunological profiling was performed on the plasma from each donor. NAB 
titers were obtained utilizing an in-house microneutralisation assay adapted to SARS-CoV-2 
according to a previously reported method (1). In addition each volunteer’s blood was also 
tested for IgG titers utilizing the LIAISON® SARS-CoV-2 S1/S2 IgG quantification test (DiaSorin, 
Saluggia, Piedmont, Italy). This is an indirect chemiluminescence immunoassay (CLIA) which 
automatically calculates SARS-CoV-2 S1/S2 IgG antibody concentrations expressed as arbitrary 
units (AU/mL)  
  
Statistical Analysis 
Comparison between two groups was performed using the Student’s t-test while multiple 
comparisons were done with one-way analysis of variance (ANOVA) assuming normal 
distributions while Tukey’s post hoc test was used to identify specific group differences. 
Continuous data are reported as mean ± standard deviation (SD). A p-value of 0.05 or less was 
considered statistically significant. Statistical analysis was carried out with the SPSS v23.0 
software (SPSS Inc., Chicago, IL).  
  

RESULTS 
A total of 53 recovering patients were screened for possible plasma donation of which ten 
(19%) had NAB titers less than 1:40 and therefore were classified as non-responders. 
Therefore, 43 convalescent plasma donors participated in the study. There were 38 male and 
five female participants with a mean age of 40.5±9.7 years. Other demographic characteristics 
and inclusion/exclusion criteria were determined by current guidelines and Italian law 
regulating blood donation practice.   
  
There was no statistical difference between the initial (day 15) average levels of NAB and IgG 
(122.8±115.3 vs. 123±89, p=0.419). In truth, no relation seems to exist between NAB and IgG 
levels with Pearson’s correlation coefficient r been 0.48. When a subgroup analysis of initial 
NAB titers was performed according to blood group and gender, levels were significantly higher 
in group AB (200±138.6, p=0.036) and in male (115.1±110.7, p=0.0001) donors (Table. 1). A 
marginally significant, lower level of NAB was observed in blood group A donors (81.2±82.7, 
p=0.062). No statistically significant differences were seen between the other blood or rhesus 
groups (Table. 1).    
  
An analysis of NAB titers by individual volunteer demonstrated 14 donors with titers of 1:40 
for a total of 42 units of plasma, 13 donors had titers at 1:80 producing 39 units of plasma, 11 
donors had NAB titers of 1:160 producing 33 units of convalescent plasma, four donors with 
titers of 1:320 for a total of 12 units and one donor with NAB titer of 1:640 producing three 
units of convalescent plasma.   
  
When a comparison of NAB levels over time was performed a significant drop (112±102 vs.  
60±26.9, p=0.003) was observed over a period of 30 days (from initial sampling to the 30 day 
re-sampling), (Table 2). In contrast, IgG levels seemed to remain constant and did not exhibit 
any statistically significant change thru time (Table 2).    
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DISCUSSION 
Based on the findings of this analysis we were able to improve the organization of the plasma 
banking service in our institution and we thus hope to be able to offer some suggestions and 
improvements on the use of convalescent - hyperimmune plasma during the subsequent waves 
of the COVID-19 pandemic.  
  
This analysis demonstrated that the optimal period for plasma donation is during the end of 
the SARS-CoV-2 patients’ two week quarantine and recovery period where NAB titers are at the 
maximum level. Therefore, based on this, subsequent donors in our hospital were scheduled 
for plasmapheresis on day 15 so as to obtain the highest quality of convalescent plasma with 
the highest concentration of NAB per unit volume.   
  
The subgroup analysis performed demonstrated that male donors had a significant higher level 
of NAB compared to female one and that groups AB and A donors had the highest and lowest 
plasma NAB concentrations respectively. These findings are comparable to those in recently 
published literature (2-4).   
  
Although there is currently limited knowledge on the risk factors for susceptibility to SARSCoV-
2, several studies have suggested that blood group type could be implicated in the susceptibility 
to the virus and the severity of COVID-19 infection, with a particular focus on the role of the 
ABO gene. Zhao et al. compared ABO blood group distribution in a cohort of 2,173 COVID-19 
patients to that of comparable healthy controls and found that blood group A was associated 
with an increased risk of infection, whereas group O was associated with a decreased risk. (2). 
A similar study demonstrated an identical association (3), and similar results have been 
previously described for other viruses (3), including SARS-CoV-1 (4).   
  
Recently, a private genomics and biotechnology company in California has corroborated this 
association (5). Their preliminary results suggest that blood type O appears to be protective 
against SARS-CoV-2 when compared to all other blood types. Expanding further on this concept, 
a number of hematologists have recently suggested that serum anti-A antibody (more 
specifically IgG anti-A in blood type O) is a more significant biomarker of SARS-CoV-2 
protection than the blood group itself (6-8). This finding suggests the possible existence of 
unknown receptor sensitiveness to the SARS-CoV-2 virus in blood group A patients which 
contributes to the increased susceptibility.   
  
One of the finding of this study suggested that quantitative IgG levels are not correlated to NAB 
titers either initially or later on in time. This is well explained in the literature as the IgG test of 
peripheral blood is sensitive to the anti-spike IgG antibody which is common amongst the 
coronaviruses family. A positive IgG test is indicative of an immune memory against an 
indeterminate corona virus (SARS-CoV-2 or other). In fact the plasma of IgG positive patients 
but with negative NAB is not immunologically active against the SARS-CoV-2 virus in vitro (9).   
Therefore only in NAB positive patients a SARS-CoV-2 infection is certain (9). This different 
specificity between serum IgG and NAB represents an important bias in most clinical series on 
Covid 19 convalescent plasma reported in literature up to day.   
  
Despite the small sample size in this series it was clearly demonstrable that NAB levels decrease 
significantly after about 6 weeks post convalescence. This finding, despite its clinical 
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significance, is not yet clearly documented in literature. It has been shown that the substantial 
increase of NAB levels is related to a proportional increase of viral RNA wash-out and a 
corresponding decrease in viral load (9). In fact, in our protocol, potential donors were 
evaluated only when two nasopharyngeal swab PCR for SARS-Cov-2 tests were negative 
following the end of the 14 day quarantine period, an indirect undeniably marker of infectivity 
and viral load but one of the few reliable and easily available ones.  
  
Future Suggestions for Convalescent Plasma Usage 
One of the problems encountered with the use of convalescent - hyperimmune plasma is in its 
rational use and allocation; especially considering the scarcity of the resource. For example, 
there is no standardized transfusion dose consistent with proven benefit.  In a number of 
reported studies the administration volume of convalescent plasma ranges between 200mL 
and 500mL in either a single or in double dosages (10, 11). This is quite a significant variance 
and could possibly lead to overtreatment and wastage. Currently, the recommendation in 
Europe is to administrate 3 mL/kg per dose over two days (10, 11). This dosing strategy 
facilitates the distribution of plasma by means of standardized units (250mL per unit) and 
allows the utilization of established collection and handling techniques by transfusion services 
throughout Europe.  
  
In the literature effective convalescent plasma treatment contains NAB titers ranging from 80 
to 480 (1, 10, 11). However, because donors have inherently different NAB titers, a protocol 
needs to be developed and adopted in order to administer equally efficacious convalescent 
plasma containing consistent and similar concentrations of NAB per plasma volume by 
selecting and matching plasma units with different titers to produce a standardized NAB dose. 
We wished to produce a constant effectiveness and provide an ethical distribution of treatment 
amongst our patients. Consequently, a protocol which was developed by our service based on 
the results of this analysis and has being utilized in our hospital is presented in Table 3.   
   
Each of the convalescent plasma donors provided on average a total of 657.9±22.9 mL of plasma 
which was equally divided among three units of approximately 219.3 mL. Assuming that the 
observed mean NAB titer of 122.8 is a satisfactory therapeutic level for each patient to receive 
we aimed to calculate the required combination of units according to NAB titers, total volume 
of plasma, patient weight and their preload to provide that therapeutic dose without 
detrimental effects to the patient (Table 3).  Utilizing this protocol a total of 82 patients were 
treated with plasma from 43 donors receiving equivalent therapeutic NAB levels comparable 
to that of convalescent patients’ average. In addition to patients’ body weight, preload level was 
used to decide the number and combination of units to allocate so that patient volume overload 
was minimized. Using this protocol, equivalency, reproducibility and safety of treatment is 
ensured and convalescent plasma can be potentially compared with the more expensive 
monoclonal antibodies. Furthermore, as the problem on vaccines availabilities in the beginning 
of all pandemia, it can suggest to improve in-hospital know-how to produce it-self pipelines for 
therapy when it is safe.    
  
Crucial to the optimal recruitment of plasma donors from the convalescent pool is the effective 
and continuous communication between the local transfusion service and the local health 
authority for the prompt identification of potential donors who have negative nasopharyngeal 
swab PCR tests for SARS-CoV-2. Early donation allows for plasma with higher therapeutic NAB 
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titers per volume. Naturally, not all transfusion services have available assays for measuring 
NAB titers however based on the findings of this analysis; plasma of male patients with an AB 
blood group which was donated within three weeks of convalescence should contain the 
highest therapeutic levels of antibodies and this can be used as a surrogate assumption.  
  

CONCLUSION 
As the use of convalescent plasma therapy to treat severe COVID-19 infection becomes more 
widespread the establishing of guidelines based on analysis such as this one, for the optimal 
therapeutic administration according to neutralizing antibody levels is needed. The 
preliminary analysis presented herewith demonstrated a significant higher level of neutralizing 
antibodies in male patients belonging to the AB blood group. These antibody levels seem to 
deteriorate rapidly within the first 50 days following convalescence. Correspondingly, IgG titers 
do not seem to correlate with these neutralizing antibody levels and for this reason they cannot 
be utilized to evaluate immunization against SARS-CoV-2 for hyperimmune plasma donors 
selection. The finding of this analysis adds to the better understanding of the immunological 
response to this new virus and to the improvement of convalescent - hyperimmune plasma 
therapy against Covid 19 but also also a fast available therapy protocol at the beginning of 
diffusion against other new virus. Naturally, it is limited by its small sample size and 
retrospective nature and therefore larger, prospective studies are needed to confirm its 
findings.   
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TABLES  
Table 1: Subgroup analysis of initial NAB levels according to blood grouping and 

gender. 
Groups (n)  NAB (Mean ± Standard Deviation)  p-value  
Blood group A (21)  81.2 ± 82.7  †0.062  
Blood group B (5)  104 ± 53.7  †O.48  
Blood group O (13)  119.6 ± 65.7  †0.26  
Blood group AB (4)  200 ± 138.6  †0.036  
Rh positive (38)  114.6 ± 101.3  ‡ 0.49  
Rh negative (7)  108.7 ± 101.4    
Male (38) 115.1 ± 110.7  ‡0.0001  
Female (5)    43.3 ± 19.7‡      

† Analysis of Variance (ANOVA) & Tukey’s, ‡ Student’s T-test, NAB: Neutralizing 
Antibodies 

   
Table 2: Comparison of NAB and IgG levels in donor plasma initially and at 30 days post 

initial convalescence (negative PCR test). 
  Initial Convalescence  30 Days Post Initial Convalescence  p-value  
NAB (Mean ± SD)  122.8 ± 115.3  60 ± 26.9  †0.003  
IgG (Mean ± SD)   123 ± 89   155.1 ± 105.1    †0.41  
†Student’s T-test, NAB: Neutralizing Antibodies, PCR: Polymerase Chain Reaction, SD: Standard Deviation 

  
Table 3: Proposed protocol for the most efficacious administration of convalescent - 

hyperimmune plasma based on the results of this analysis. 
NAB  
Titer 
per  

Patient Weight (kgr) & Number of Units 
to Administer 

Plasma 
Volume Given 
(mL) 

Treated 
Patients Low NAB 

(<8 mmHg) 
Normal NAB 
(8-18 mmHg) 

High NAB 
(>18 mmHg) 

40 >60 kgr >60 kgr - 3 600 14 

80 >60 kgr >60 kgr - 2 400 19 

160 - <60 kgr <60 kgr 1 200 33 

320 - <120 kgr <120 kgr 1 200 12 

640 - - >120 kgr 1 200 3 

Total Patients 82 
    

NAB: Neutralizing Antibodies 

  
 


