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A B S T R A C T   

The SARS-CoV-2 virus has infected and killed millions of people, but little is known about the risk factors that 
lead to the development of severe, mild or asymptomatic conditions after infection. The individual immune 
response and the balance of cytokines and chemokines have been shown to be important for the prognosis of 
patients. Additionally, it is essential to understand how the production of specific antibodies with viral 
neutralizing capacity is established. In this context, this study aimed to identify positive individuals for IgG anti- 
SARS-CoV-2 in a large population of blood donors (n = 7837) to establish their immune response profile and to 
evaluate its viral neutralization capacity. The prevalence found for IgG anti-SARS-CoV-2 was 5.6% (n = 441), 
with male blood donors (61.9%) being more prevalent among the positive ones. The results showed that positive 
individuals for IgG anti-SARS-CoV-2 have high serum concentrations of chemokines, TNF, IFN-γ and IL-10. The 
analyses showed that the positivity index for IgG anti-SARS-CoV-2 is associated with the neutralizing capacity of 
the antibodies, which, in turn, is significantly related to lower serum concentrations of CCL5 and CXCL10. The 
results allow us to hypothesize that the development and maintenance of IgG anti-SARS-CoV-2 antibodies in 
infected individuals occurs in a pro-inflammatory microenvironment well regulated by IL-10 with great capacity 
for recruiting cells from the innate and adaptive immune systems.   

1. Introduction 

In late 2019, an outbreak of SARS-CoV-2 infections was identified in 
Wuhan, Hubei Province, China. The disease caused by this new coro
navirus, subsequently named COVID-19, was mainly characterized by 
flu-like symptoms such as fever, dry cough, runny nose, fatigue and 
anosmia [1]. Today we know that the clinical characteristics of COVID- 
19 are varied, from asymptomatic state to acute respiratory syndrome 
and multiple organ dysfunction, which led to millions of deaths world
wide [2]. Much remains to be studied about the risk factors leading to 
severe COVID-19. However, the role of the imbalanced immune re
sponses contributing to disease symptoms and to more severe prognoses 

is becoming irrevocable. In this context, it is of critical importance to 
assess the immune response of infected individuals to better understand 
the balance of the immune responses capable of fighting the infection 
causing less harmful effects [3,4]. Even more important is the verifica
tion of the profile of immune responses generated in asymptomatic in
dividuals previously infected with SARS-Cov-2. This study aimed to 
evaluate the presence of IgG-type antibodies anti-SARS-CoV-2 in a large 
population of blood donors throughout 2020 and its viral neutralizing 
capacity alongside with the predominant type of immune responses in 
seropositive individuals. 

☆ IgG anti-SARS-CoV-2 seroprevalence was evaluated in a large number of blood donors. The seropositive individuals showed a pro-inflammatory environment 
regulated by IL-10. Antibodiesńeutralizing capacity was related to lower serum concentrations of CCL5 and CXCL10. 
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2. Methods 

2.1. Serum samples and data 

Serum samples from 7837 blood donors from Fundação Hemominas, 
Minas Gerais, Brazil, were used in this study. Samples were randomly 
selected from March/2020 to December/2020. Demographic data of 
blood donors were accessed on institutional records. 

2.2. Detection of IgG anti-SARS-CoV-2 

All samples were tested for the presence of anti-SARS-CoV-2 IgG 
using the commercial SARS-CoV-2 IgG kit (Abbot Ireland Diagnostics, 
Sligo, Ireland). The experiments were performed as defined by the 
manufacturer using an Architect i4000 equipment (Abbot Ireland Di
agnostics, Sligo, Ireland). 

2.3. Dosage of immunological biomarkers 

Positive (n = 160) and negative (n = 40) samples for IgG anti-SARS- 
CoV-2 had their serum concentrations of cytokines and chemokines 
measured. Commercial Th1/Th2/Th17 BD Cytometric Bead Array kit 
was used for IL-2 (interleukin 2), IL-4, IL-6, IL-10, TNF (tumour necrosis 
factor), IFN-γ (interferon γ) and IL-17A dosage. Chemokine BD Cyto
metric Bead Array kit was used to quantify CCL2 (MCP-1 or monocyte 
chemoattractant protein-1), CCL5 (regulated on activation, normal T 
cell expressed and secreted or RANTES), CXCL-8 (IL-8), CXCL9 (MIG or 
monokine induced by gamma interferon) and CXCL10 (IP-10 or Inter
feron gamma-induced protein 10). The experiments were performed as 
defined by the manufacturer. Beads were acquired in a FACSCanto flow 
cytometer and data were analysed in FCAP Array Software version 3.0. 
All kits, equipment and software were purchased from Becton Dick
inson, San Jose, CA, USA. 

2.4. Plaque reduction neutralization test (PRNT) 

The PRNT analyses were performed in a high-containment, biosafety 
level 4 facility (OIE BSL-4 – World Organization for Animal Health) at 
Laboratório Federal de Defesa Agropecuária, LFDA-MG, Pedro Leo
poldo, MG, Brazil. SARS-CoV-2 isolate SP02/BRA (SARS.CoV2/ 
SP02.2020.HIAE.Br) was kindly provided by Dr. Edison Luiz Durigon 
(Department of Microbiology, Institute of Biomedical Sciences, Uni
versity of São Paulo, São Paulo, Brazil) [5]. SARS-CoV-2 virus stock was 
collected from the supernatant of infected Vero CCL-81 cells and stored 
at − 80 ◦C until further use in PRNT. 

IgG anti-SARS-CoV-2 negative (n = 43) and positive (n = 432) serum 
samples from blood donors were heat-inactivated at 56 ◦C for 20 min 
and tested in duplicates through PRNT. Briefly, 1x105 Vero CCL-81 cells 
per well were seeded into 24-well plates 24 h prior to infection with 
SARS-CoV-2. The challenging virus suspension was serially diluted in 
DMEM-2 until obtaining 200 PFUs (plaque forming units) in 100 µL 
(2x103 PFU/mL). Each test serum sample was serially two-fold diluted 
starting at 1:20 in 100 µL of DMEM-2 until 1:80. For each serum dilution 
prepared, 100 μL of viral suspension containing 200 PFU was added (Vf 
= 200 µL). Reference, virus control sample was incubated with a non- 
reacting, human serum sample. The mixture was kept under agitation 
(200 rpm) at 37 ◦C for 1 h and then 100 µL was inoculated onto Vero 
cells. The infected plates were incubated at 37 ◦C for 1 h and then 
covered with 1 mL per well of DMEM-1% FCS supplemented with 1.2% 
CMC overlay media. The plates were incubated at 37 ◦C for 72 h until 
appearance of individual viral lysis plaques. The infected cells were 
fixed with 10% buffered formaldehyde solution for 15 min and stained 
with 1% Crystal Violet solution for 15 min. For each test performed, 
anti-SARS-CoV-2 horse-serum was used as PRNT-positive control. 
Neutralizing activity against SARS-CoV-2 particles was determined and 
expressed as serum concentration required to achieve 50% reduction in 

the number of PFUs relative to reference, virus control. 

2.5. Statistical analysis 

The number of events and their respective frequencies were calcu
lated for categorical variables. Comparisons of these variables were 
made using Fisher’s exact test. For continuous variables, medians with 
interquartile range (IQR) were calculated and comparisons were per
formed using the Mann-Whitney test. Differences were considered sta
tistically significant when p < 0.05. 

2.6. Ethical approval 

This study was approved by the Research Ethics Committee of the 
institutions involved (CAAE 31087720.2.0000.5118). 

3. Results 

Among the 7837 samples tested from March to December 2020, 441 
(5.6%) were positive for IgG anti-SARS-CoV-2. Data from donors 
included in the study are shown in Table 1. Specific parameters such as 
age, the donation history (first-time or repeat donors) and the type of 
blood donation (invited, spontaneous or replacement) did not differ 
between positive and negative groups for IgG anti-SARS-CoV-2. Male 
donors were significantly more prevalent (61.9%) in the positive group 
(p = 0.002). 

Among positive donors, the median index of positivity of IgG anti- 
SARS-CoV-2 in the chemiluminescence reaction was 3.65 (IQR 
2.43–5.39). The index result was not different in relation to the sex of 
blood donors. However, Spearman test identified a weak significant 
positive correlation between the IgG index and the age of the donors (r 
= 0.16; 95% CI 0.07–0.25; p < 0.001). Older blood donors had signifi
cantly higher indexes. The IgG index of donors aged 41–50 years (me
dian 3.97; IQR 2.74–5.82; p = 0.0097) and older than 50 years (median 
4.71; IQR 2.83–6.40; p = 0.0115) was significantly higher when 
compared to the index of donors aged 16–30 years (median 3.35; IQR 
2.26–4.89) (Fig. 1). 

Serum cytokine measurements revealed that donors positive for IgG 
anti-SARS-CoV-2 had significant higher concentrations of IL-10 (median 
0.51 pg/mL; IQR 0.18–0.86; p < 0.001), TNF (median 0.65 pg/mL; IQR 
0.00–1.57; p = 0.028) and IFN-γ (median 0.35 pg/mL; IQR 0.00–0.87; p 
< 0.001) when compared to negative donors (IL-10 median 0.00 pg/mL; 
IQR 0.00–0.34; TNF median 0.00 pg/mL; IQR 0.00–0.77; IFN-γ median 
0.00 pg/mL; IQR 0.00–0.00) (Fig. 2). Dosages did not show significant 
differences between negative and positive donors for serum concentra
tions of IL-2 (median 0.11 pg/mL; IQR 0.00–0.35 and median 0.10 pg/ 
mL; IQR 0.00–0.61, respectively), IL-4 (median 0.60 pg/mL; IQR 
0.00–1.37 and median 0.43 pg/mL; IQR 0.00–1.03, respectively, IL-6 
(median 0.70 pg/mL; IQR 0.17–2.00 and median 1.02 pg/mL; IQR 
0.56–1.61, respectively) and IL-17A (median 0.74 pg/mL; IQR 
0.00–2.14 and median 0.26 pg/mL; IQR 0.00–1.65, respectively). 

Serum chemokine measurements revealed that donors positive for 
IgG anti-SARS-CoV-2 had significant higher concentrations of all tested 
biomarkers (CXCL8 median 13.60 pg/mL; IQR 5.98–28.04; p = 0.001; 
CCL5 median 4017 pg/mL; IQR 2674–4736; p < 0.001; CXCL9 median 
33.08 pg/mL; IQR 17.88–54.14; p < 0.001; CCL2 median 40.39 pg/mL; 

Table 1 
Characteristics of blood donors tested for IgG anti-SARS-CoV-2.  

Characteristics IgG anti-SARS-CoV-2 status 

Negative Positive p-value 

Number of blood donors (%) 7396 (94.4) 441 (5.6)  – 
Age in years, median (IQR) 35 (26–44) 35 (27–44)  0.814 
Sex, male, (%) 4011 (54.2) 273 (61.9)  0.002 

Significant p values are highlighted in bold. IQR, Interquartile range. 
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IQR 23.38–61.52; p = 0.007; CXCL10 median 111.70 pg/mL; IQR 
56.98–178.00; p < 0.001) when compared to negative donors (CXCL8 
median 7.90 pg/mL; IQR 3.99–14.34; CCL5 median 2467 pg/mL; IQR 
2179–2764; CXCL9 median 10.23 pg/mL; IQR 6.90–15.31; CCL2 me
dian 26.00 pg/mL; IQR 15.76–44.63; CXCL10 median 30.63 pg/mL; IQR 
19.96–43.88) (Fig. 3). 

Correlation analysis between cytokine/chemokine and index results 
revealed significant negative correlation between all biomarkers except 
IL-4, IL-6 and IL-17A. Despite the high levels of TNF, IFN-γ and IL-10 in 
positive individuals for IgG anti-SARS-CoV-2 these cytokines presented 
slightly negative correlation with antibody index (Supplementary 
Table S1). Especially for CCL5 (r = − 0.79; 95% CI − 0.84 to − 0.72; p <
0.001), CXCL9 (r = − 0.57; 95% CI − 0.67 to − 0.45; p < 0.001) and 
CXCL10 (r = − 0.51; 95% CI − 0.62 to − 0.38; p < 0.001), the result of the 
correlation was strong or moderate (r value below − 0.5) (Fig. 4). 

The neutralization test of SARS-CoV-2 revealed that, among those 
positive for IgG in chemiluminescence, 322 (74.5%) had the capacity to 
neutralize the virus. Otherwise, among the negative donors that were 
tested, only five donors (11.6%) presented viral neutralization capacity. 
Among the negative samples with neutralizing capacity, two neutralized 
50% of the viral particles when diluted 80X and another three when 
diluted 160X. Among those positive samples, 50 (19.9%) neutralized 

50% of the viral particles when diluted 40X, 98 (30.4%) when diluted 
80X and another 160 (49.7%) when diluted 160X. 

The data obtained reveal that the donors with the highest IgG in
dexes are those with the greatest capacity of viral neutralization. Sam
ples with a viral neutralizing capacity when diluted 80X (median index 
3.58; IQR 2.62–5.08) have a significantly higher median index when 
compared to those that do not neutralize (median index 2.90; IQR 
2.01–4.32; p = 0.005). Additionally, samples with a viral neutralizing 
capacity when diluted 160X (median index 4.68; IQR 2.91–6.49) have a 
significantly higher median index when compared to those that do not 
neutralize (p < 0.001), to those that neutralize when diluted 40X (me
dian index 3.14; IQR 2.00–4.99; p < 0.001) and 80X (p = 0.001) 
(Fig. 5A). Analysis of the concentration of cytokines and chemokines in 
different serum dilutions capable of neutralizing at least 50% of the viral 
particles revealed some significant results (Supplementary Table S2). 
Importantly, the results of the dosage of the CCL5 and CXCL10 chemo
kines show that lower concentrations of these chemokines are related to 
the greater neutralizing capacity of anti-SARS-CoV-2 IgG antibodies 
(Fig. 5B and 5C). 

4. Discussion 

SARS-CoV-2 infection and the development of COVID-19 in millions 
of people around the world have challenged science due to the limitation 
of adequate treatments to decrease the number of deaths. Fortunately, 
viral infection causes the production of antibodies that considerably 
reduce the risk of reinfections. Despite this, it is still unclear how long 
the antibodies generated against SARS-CoV-2 remain in circulation after 
exposure to the virus [6,7]. In this context, it is extremely important to 
study the types of immune response triggered by SARS-CoV-2 infection, 
as well as their roles in the development and maintenance of specific 
antibodies in circulation. In this study we evaluated a large population 
of blood donors (n = 7837) and identified that 441 (5.6%) had IgG anti- 
SARS-CoV-2 in their serum samples throughout the 2020. 

Positive blood donors were predominantly male (61.9%). Associa
tion of SARS-CoV-2 infection with sex is controversial, but other studies 
have found similar result [8,9]. The results of this study also showed that 
older blood donors, especially those over 40 years, have higher serum 
levels of IgG anti-SARS-CoV-2 when compared to those <30 years. On 
the other hand, another study did not identify association between 
antibody levels and age of the seropositive individuals [10,11]. Despite 

Fig. 1. Anti-SARS-CoV-2 IgG index data in different age strata of blood donors. 
Each dot represents a donor. The horizontal line is the median index of each 
group. Grey area delimits dots with indexes below the median of all 
tested donors. 

Fig. 2. Comparison of cytokines (IL-2, IL-4, IL-6, IL-10, TNF, IFN-γ and IL-17A) dosage in blood donors negative (white dots) and positive (black dots) for IgG anti- 
SARS-CoV-2. Horizontal lines represent the median concentration of each cytokine. 
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the lack of consistent data regarding the production of anti-SARS-CoV-2 
antibodies and the age of the infected individuals, other recent pub
lished studies showed that infected children and adults have differential 
antibody production, the latter having higher circulating levels of IgG 
[12] and that SARS-CoV-2 IgG levels are positively correlated with age 
in adult COVID-19 patients [13–16]. Additionally, the repertoire of 
recognized viral antigens appears to be larger in adults. The authors 
hypothesize that this reduction in functional antibodies in paediatric 
patients could be explained by the greater capacity for viral clearance in 
children, reducing the availability of antigens that could induce a hu
moral response. In this study there is not such a wide range in the age of 
the tested blood donors, but the results seem to confirm that older in
dividuals have a greater capacity to produce anti-SARS-CoV-2 anti
bodies. However, it is important to emphasize that the oldest blood 
donors had 70 years. 

The neutralization test results showed that the majority of in
dividuals positive for IgG anti-SARS-CoV-2 (80.1%) have antibodies 
with viral neutralizing capacity at dilutions above 80X. As expected, 
individuals with greater neutralizing capacity also had higher indexes in 
the chemiluminescence test. In this sense, samples diluted 160X (dilu
tion required, for these samples, to promote a 50% reduction in the 
number of plaque forming units) are those with significantly higher 
indexes (Fig. 5A). Interestingly, five negative donors in the serological 
test showed high viral neutralization capacity even with indexes well 
below the cutoff point of the commercial anti-SARS-CoV-2 IgG detection 
kit (mean 0.42; variation of 0.04–1.13). A previous study had already 
shown that individuals who were infected had no detectable IgG in a 

serological test after 90 days post infection but maintained the capacity 
for viral neutralization [5]. These results indicate that negative test for 
IgG anti-SARS-CoV-2 cannot rule out previous infection. Additionally, 
the incidence of other coronaviruses does not rule out the possibility of 
cross-reacting antibodies [17]. The collection approach in the present 
work considering blood donors does not permit us to know the time after 
the SARS-CoV-2 or another coronavirus infection. However, it is 
important to highlight that a recent study comparing neutralization 
response in individuals presenting severe and mild disease from 0 to 210 
days from symptoms onset and the same period in days after test 
confirmation for asymptomatic individuals, showed comparable 
neutralization antibody titres in individuals presenting asymptomatic 
infection and those with mild COVID-19 [18]. 

The cytokine profile of the samples showed that positive donors for 
IgG anti-SARS-CoV-2 had significantly higher serum concentrations of 
IL-10, TNF and IFN-γ. Other studies that evaluated the immunological 
profile of asymptomatic or mild COVID-19 patients and convalescent 
plasma samples also reported elevated levels of these cytokines [19–21]. 
On the other hand, IL-6 levels in positive donors were similar to those in 
the negative group, reinforcing that this cytokine seem to have a key role 
in progress to severe COVID-19 [22,23]. In general, regardless of the 
individual’s symptoms, SARS-CoV-2 infection induces a pro- 
inflammatory response, evidenced in this study by the high levels of 
TNF and IFN-γ [20]. However, in individuals without clinical signs of 
COVID-19 or those with mild symptoms with a good prognosis, there 
seems to exist a regulation of inflammation by IL-10 [22]. 

Chemokines are involved in attraction of leukocytes to the site of an 

Fig. 3. Comparison of CXCL8, CCL5, CXCL9, CCL2 and CXCL10 dosage in blood donors negative (white dots) and positive (black dots) for IgG anti-SARS-CoV-2. 
Horizontal lines represent the median concentration of each cytokine. 

Fig. 4. Result of the correlation test between the anti-SARS-CoV-2 IgG index and the chemokines CCL5, CXCL9 and CXCL10 for each donor tested. The colour 
gradation of the points represents the different index interquartiles in which each sample is inserted. 
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inflammatory immune response mainly in the beginning of the stimulus. 
The dosage of these biomarkers in the samples showed that individuals 
positive for IgG anti-SARS-CoV-2 had significantly higher concentra
tions of CCL2, CCL5, CXCL8, CXCL9 and CXCL10 when compared to 
negative ones. Other studies have reported increased serum concentra
tions of CCL2, CXCL8 and CXCL10 in patients with severe COVID-19 
[20,23–25]. However, due to its inflammatory nature, it is believed 
that asymptomatic or mild symptomatic infections can also lead to an 
increased secretion of these chemokines. Despite the high concentration 
of chemokines in samples from positive donors, there are differences in 
the levels of these biomarkers among individuals in this group. Inter
estingly, there is a significant inverse correlation between CCL5, CXCL9 
and CXCL10 concentrations and anti-SARS-CoV-2 IgG levels. These 
chemokines are involved in the recruitment and activation of mono
cytes, neutrophils, Natural Killer and T cells [26,27]. In this study, CCL5 
and CXCL10 are found in lower concentration in individuals with 
greater capacity for viral neutralization. We hypothesize that the 
decrease in serum concentration of these chemokines is related to the 
time elapsed since infection as described for other chemokines else
where [20]. Meanwhile, another study showed higher concentrations of 
CXCL10 in convalescent plasma samples with high neutralization ca
pacity of SARS-CoV-2 [19]. 

The most important limitations of this study are the impossibility of 
characterizing the studied population regarding the development of 
symptoms of COVID-19 before and after blood donation and the possible 
date of infection by SARS-CoV-2. However, the results obtained are quite 
informative as to the type of immune response that is predominant in the 
development and maintenance of IgG anti-SARS-CoV-2 in asymptomatic 
individuals. Considering the results found in this study, we hypothesize 
that the development of anti-SARS-CoV-2 IgG, as well as its maintenance 
in circulation, is dependent on a pro-inflammatory immune response 
mediated by chemokines, TNF and IFN-γ, but regulated by IL-10. In this 
microenvironment, there is favoured recruitment and activation of 

antigen-presenting cells, as well as T and B lymphocytes. On the other 
hand, the results indicate that the maintenance of high levels of 
neutralizing antibodies depends on lower serum concentrations of CCL5 
and CXCL10. This result is compatible with a late immune response 
against SARS-CoV-2, when the activation of specific T and B cells 
overlaps the recruitment of cells of the innate immune system. 
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