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We analysed factors associated with neutralising 
antibody levels in 330 convalescent plasma donors. 
Women and younger donors were more likely not to 
have measurable neutralising antibodies, while higher 
antibody levels were observed in men, in older donors 
and in those who had been hospitalised. These data 
will be of value in the timely recruitment of convales-
cent plasma donors most likely to have high levels of 
neutralising antibodies for ongoing studies investigat-
ing its effectiveness.

At the time of a second wave of the coronavirus disease 
(COVID-19) pandemic caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) [1], effective 
antiviral therapies and vaccines are not yet available 
for clinical use [2,3]. Convalescent plasma collected 
from recovered COVID-19 patients has been suggested 
a safe and probably effective treatment in some non-
randomised studies [4-11]. As the efficacy of such 
therapy is most probably associated with the presence 
of high levels of neutralising antibody in the donated 
plasma, we investigated the clinical and demographic 
factors that are predictive of high titres in convales-
cent plasma donors. This may provide an effective and 
rapid way to support convalescent plasma collections 
for ongoing randomised clinical trials.
 

Collection of convalescent plasma
We collected convalescent plasma via apheresis from 
individuals with suspected (self-reported COVID-19 
symptoms) or laboratory-confirmed (PCR) SARS-CoV-2 
infection at least 28 days after the symptom resolution 
in England between 22 April and 12 May 2020, using 
otherwise the standard donor selection guidelines 
in the United Kingdom (UK). Donor recruitment was 
enhanced via social and paper media campaigns. We 
collected a total of 436 donations from donors aged 
between 17 and 65 years during the study period and 
tested all these donations for neutralising antibodies 

against SARS-CoV-2 as previously described [12,13]. 
From these, we included in this study 330 donors who 
had a previous PCR-confirmed SARS-CoV-2 infection 
and had detectable antibodies against SARS-CoV-2.

Characteristics of convalescent plasma 
donors
We extracted donor characteristics data from the 
NHS Blood and Transplant donor management data-
base (Supplementary Table S1). Most donors were 
male (216/330, 65%), with white ethnic background 
(224/330, 68%) and had blood group A (149/330, 45%). 
Half of the donations were collected around London, 
including Edgware, Tooting and West End Donor Centres 
(165/330). Social deprivation scores were calculated 
based on postcode and Acorn classification [14]: most 
donors were affluent achievers, classed as the finan-
cially most successful people in the UK based on this 
model (120/330; 36%). Hospitalisation data retrieved 
from NHS Digital and via an internet form completed 
by donors at registration demonstrated that only 10% 
of the donors had been hospitalised with COVID-19 
(33/330).

Among the 330 donors, 275 had detectable neutral-
ising antibodies against SARS-CoV-2 (titre range: 
1:12–1:2,560; median titre: 1:69; interquartile range 
1:35–1:280). For these 275 donors, median levels of 
neutralising antibodies were higher in men compared 
with women (1:97 vs 1:47), in those hospitalised com-
pared with non-hospitalised (1:383 vs 1:63), in those 
with blood group AB compared with other groups 
(1:148 vs 1:104 for group B, 1:70 for group A and 1:47 for 
group O; however, the number of donors with AB blood 
group was small: n = 12) and in those who donated at 
Edgware Donor centre (1:265 vs 1:215 in Manchester, 
1:66 in the West End Donor centre, 1:50 in Tooting, 
1:43 in Sheffield and 1:70 in other areas;  Figures 
1  and  2;  Supplementary Table S1). Donors in the 
white ethnicity group had lower levels of neutralising 
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Figure 1
Median neutralising antibody levels against SARS-CoV-2, by blood donor characteristics, England, 22 April–12 May 2020 
(n = 275)
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antibodies than other ethnic groups (1:63 vs 1:86 
(Asian), 1:80 (other) and 1:94 (unknown)). Similar neu-
tralising antibody levels were observed between dif-
ferent social deprivation groups. We observed that 
neutralising antibody levels increased with increasing 
age, whereas antibody levels decreased with increas-
ing time interval between SARS-CoV-2 diagnosis 
and donation. However, neutralising antibody levels 
observed for donations collected daily remained simi-
lar during the study period suggesting that the time of 
donation (i.e. whether they donated in the beginning or 
at the end of the study period; everybody donated only 
once) did not influence the neutralising antibody titres. 
In general, the factors associated with lower antibody 
levels (Figures 1 and 2) were also associated with like-
lihood of donors not having any detectable antibodies 
(Figures 3 and 4). For example, 22% of female donors 
had no detectable neutralising antibodies compared 
with 14% of male donors.

Association between host factors and 
neutralising antibody levels
We further assessed these factors in two different mul-
tivariable analyses. For both models, we used a step-
wise variable selection method where donor variables 
were retained in the model if they reduced the model 
deviance significantly (p < 0.1) according to the likeli-
hood ratio test. Interactions between the variables 
could not be considered because of the small number 
of donors in this study.

Firstly, we identified factors associated with the prob-
ability of not having detectable neutralising antibod-
ies in 313 donors. Two donors were excluded because 
blood group data were missing and 15 donors with AB 
blood group were excluded as the model was highly 
sensitive to this group because of small numbers. 
Therefore, the results of this model could not be gen-
eralised for AB donors. We set up an indicator variable 
to indicate whether neutralising antibody level was 
recorded as negative and developed a multivariable 
logistic regression model to assess the probability of 
convalescent plasma donors not having measurable 
neutralising antibodies.

Hospitalisation was confounded with blood group; it 
was significant (p = 0.07) only when blood group was 
not included in the model. Blood group was signifi-
cant irrespective of whether the hospitalisation was 
in the model. Blood group A donors had significantly 
lower odds of not having detectable neutralising anti-
bodies than group B and O donors. The percentage 
hospitalised by blood group illustrates how this infor-
mation is confounded with the hospitalisation term 
(interpretation for group AB donors is limited owing 
to small numbers): Blood group A (21 hospitalised of 
149 donors; 14%), blood group B (4/47; 9%), blood 
group O (4/117; 3%), blood group AB (4/15; 27%). The 
term ‘previous blood donor’ was sensitive to influ-
ential values. Excluding the strongest influential val-
ues from the analysis just led to other observations 

becoming influential and therefore, all observations 
were included. However, the parameter estimates and 
hence magnitude of the OR should be interpreted with 
caution. Based on this model, younger age, female 
gender, blood group O and not being a previous blood 
donor were associated with non-detectable neutralis-
ing antibody response (Table 1).

Donors with detectable neutralising antibodies were 
selected for the second model (n = 275, but a further 
10 donors were excluded because data on social depri-
vation were missing). We used a multivariable gamma 
generalised linear model (GLM) to identify the factors 
associated with neutralising antibody titres. All vari-
ables in the model, except for gender, suffered from 
influential values. The two highest neutralising anti-
body titres measured (1:2,560 and 1:1,841) were the 
most influential but excluding these values (i) would 
be excluding genuine observations and hence arti-
ficially reduce the sample size just to improve model 
fit and (ii) was found to cause other values to become 
influential values. The value of these parameter esti-
mates should therefore not be interpreted, only their 
direction and significance. This analysis demonstrated 
a significant association between increasing neutralis-
ing antibody titres and increasing age, hospitalisation, 
male gender, donor centre (highest titres in Edgware) 
and donating sooner after SARS-CoV-2 diagnosis (Table 
2). Social deprivation (whereby donors from the most 
deprived areas in large cities and towns in England had 
higher antibody levels) and timing (whereby those who 
donated later in the study period had higher antibody 
levels) were also significant factors. 

Discussion
Although we used two different models testing differ-
ent outcomes, several factors shared associations with 
neutralising antibodies in both models. It is clear that 
women and younger donors were more likely not to 
have measurable neutralising antibodies, and among 
those with detectable neutralising antibodies, the 
levels were higher in men and in older donors. Higher 
neutralising antibody levels were also seen in those 
who had been hospitalised and in those who donated 
in Edgware or Manchester; however, donor centre was 
not significant in determining whether or not a donor 
lacked neutralising antibodies. Interestingly, neutral-
ising antibody levels decreased as the time between 
SARS-CoV-2 diagnosis and donation increased.

It is difficult to explain the differences between dona-
tions given in different parts of England without further 
analysis of ethnicity and other possible factors associ-
ated with SARS-CoV-2 infection. Interestingly, ethnicity 
was not found to be a significant factor in the multivari-
able models, whereas donor centre was a significant 
factor only in the gamma GLM. The models might suffer 
from confounding and multicollinearity. Furthermore, 
social deprivation score remained an independent fac-
tor in the gamma GLM. It is noticeable that ethnicity 
data were not available or remained uncategorised for 
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23% of donors and may therefore have influenced the 
data analysis.

Interestingly, blood group O and not being a previous 
blood donor were both associated with non-detectable 
antibody response in our study. However, we cannot 
say based on these data whether the latter association 
was causal or not, but it could reflect a testing seek-
ing behaviour attracting new blood donors during the 
early stages of pandemic. Furthermore, in keeping with 
our findings here, neutralising antibodies levels were 
lower in French blood donors with blood group O than 
in other groups [15], whereas based on early epidemio-
logical evidence, women with blood group A were more 
susceptible to SARS-CoV-2 infection [16]. These obser-
vations have also been confirmed in a large genome-
wide association study where a higher risk of infection 
was seen in those with blood group A than in any other 

group and a protective effect of blood group O on 
SARS-CoV-2 infection was demonstrated [17].

Our findings are consistent with data on 126 conva-
lescent donors in the United States, demonstrating a 
similar association between male sex, older age, SARS-
CoV-2 infection requiring a hospitalisation, and higher 
neutralising antibody titres [10,18]. Although it has 
been proposed that higher antibody levels in male and 
older patients simply relate to COVID-19 severity [19], 
our model proposes that they remain associated with 
higher neutralising antibody titre levels after adjust-
ing for hospitalisation. Although it is unclear what fac-
tors are governing these sex- and age-related antibody 
responses, this information can be used for targeted 
donor recruitment for convalescent plasma.

Both models suffered from influential values limiting 
interpretation of the results. In particular, the gamma 

Figure 2
Neutralising antibody levels against SARS-CoV-2, by age, days post diagnosis and day of donation, England, 22 April–12 
May 2020 (n = 275)
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Figure 3
Proportion of donors with or without neutralising antibodies against SARS-CoV-2, by blood donor characteristics, England, 
22 April–12 May 2020 (n = 330)
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GLM should only be used to infer significance of vari-
ables and the direction of each parameter estimate; 
parameter estimates should not be interpreted. Odds 
ratios from the logistic regression model should also 
be interpreted with caution. Both models would ben-
efit greatly from a larger dataset. Furthermore, our 
data on social deprivation should be considered with 
caution as we have not evaluated how well the Acorn 
classification, largely focusing on financial aspects, 
reflects the social deprivation associated with health 
outcomes.

Conclusions
Until effective antiviral treatments and vaccines 
against the COVID-19 pandemic become available, con-
valescent plasma therapy is an existing option that can 
be used against this infection. It is important that the 
convalescent plasma contains high titres of neutralis-
ing antibody as the use of low-titre plasma can prevent 

or prolong evaluation of its efficacy in clinical trials. 
Older male donors with a previous SARS-CoV-2 infec-
tion leading to hospitalisation were in our study the 
most likely to have high neutralising antibody titres. 
This knowledge can support fast and practical recruit-
ment strategies so that limited testing resources can 
be targeted to those most likely to harbour therapeu-
tic levels of neutralising antibodies. It can also inform 
selection of places and time periods when resources 
for antibody testing are limited.

Figure 4
The proportion of blood donors without detectable neutralising antibodies against SARS-CoV-2, by age, days post diagnosis 
and day of donation, England, 22 April–12 May 2020 (n = 330)
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Table 1
Logistic regression model for non-detection of neutralising antibodies, England, 22 April–12 May 2020 (n = 313)

Factor Categorisation OR 95% CI p value
Age Linear variablea 0.96 0.93–0.99 0.002

Hospitalised
Yes

Not done Not done 0.25
No

Ethnic group

Asian

Not done Not done 0.36
Other

Unknown
White

Gender
Female 1 Reference

0.009
Male 0.41 0.21–0.80

Donor centre

Edgware

Not done Not done 0.56

Manchester
Sheffield
Tooting

West End Donor Centre
Other

Blood group

A 0.34 0.17–0.70

0.01
B 0.64 0.26–1.58
O 1 Reference

AB Excluded Excluded

Previous blood donor
Yes 0.36 0.11–1.16

0.06
No 1 Reference

Social deprivation indicatorb

Affluent achievers

Not done Not done 0.98
Rising prosperity

Comfortable communities
Financially stretched

Urban adversity
Days since project began Linear variable Not done Not done 0.42
Days since diagnosis Linear variablec Not done Not done 0.97

CI: confidence interval; OR: odds ratio.
a A nonlinear term for age was tested but found to be non-significant (p = 0.9).
b Social deprivation scores were calculated based on postcode and Acorn classification [14], which divides the population into five categories. 

Based on that model, ‘affluent achievers’ are the most financially successful and healthy people in the United Kingdom, ‘rising prosperity’ 
includes generally younger, well educated, and mostly prosperous people living in our major towns and cities, ‘comfortable communities’ 
are the middle graders in terms of social and financial wellbeing, whereas the ‘financially stretched’ group includes mostly people with 
modest lifestyles and less than average income and the ‘urban adversity’ group includes people who are experiencing the most difficult 
social and financial conditions.

c A nonlinear term for ‘days since diagnosis’ was tested but found to be non-significant (p = 0.26).
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