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SUMMARY
Awareness of infection with SARS-CoV-2 is crucial for the effectiveness of COVID-19 control measures. Here,
we investigate awareness of infection and symptoms in relation to antibodies against SARS-CoV-2 in healthy
plasma donors. We asked individuals donating plasma across the Netherlands between May 11th and 18th

2020 to report COVID-19-related symptoms, and we tested for antibodies indicative of a past infection with
SARS-CoV-2. Among 3,676 with antibodies, and from questionnaire data, 239 (6.5%) are positive for SARS-
CoV-2 antibodies. Of those, 48% suspect no COVID-19, despite the majority reporting symptoms; 11% of
seropositive individuals report no symptoms and 27% very mild symptoms at any time during the first peak
of the epidemic. Anosmia/ageusia and fever are most strongly associated with seropositivity. Almost half
of seropositive individuals do not suspect SARS-CoV-2 infection. Improved recognition of COVID-19 symp-
toms, in particular, anosmia/ageusia and fever, is needed to reduce widespread SARS-CoV-2 transmission.
INTRODUCTION

Due to the current coronavirus disease 2019 (COVID-19)

pandemic caused by the severe acute respiratory syndrome-co-

ronavirus-2 (SARS-CoV-2), governments worldwide are strug-

gling to find an appropriate balance between virus control

measures and their societal and economic consequences.1

Physical distancing and (partial) closures of offices, nursing

homes, restaurants, schools, and shops have played—and still

play—an important role in combating the spread of SARS-

CoV-2. An impending economic crisis and the huge societal

burden call for informed easing of these measures.

Limited knowledge exists regarding the extent to which SARS-

CoV-2 infectionsmay remain undetected, while pre- and asymp-

tomatic individuals are thought to contribute significantly to the

spread of SARS-CoV-2.2,3 A wide clinical spectrum of SARS-

CoV-2 infections has been described, ranging from mild flu-like

symptoms to severe viral pneumonia with respiratory failure

and death.4,5 Due to the limited availability of tests and infra-

structure, more severe COVID-19 cases are likely overrepre-

sented in the majority of studies conducted thus far. Many cases

may remain undetected in the event of asymptomatic infection,
Cell Re
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mild infection with isolated symptoms such as the loss of taste

and/or smell (anosmia/ageusia), or symptomatic infections that

are attributed to other causes.3,6,7

Post-lockdownmeasures often rely on individuals, in particular

thosewhohavebeen incontactwith aconfirmedCOVID-19case,

to self-isolate and be tested in the event of COVID-19-related

symptoms. These measures are dependent on individuals’

recognition of symptoms, yet it is unknown whether infected

individuals are able to identify themselves as such. Hence, we

studied the association between COVID-19 suspicion and

SARS-CoV-2 antibody status, as well as that between self-re-

ported symptoms and antibody status in healthy adults.

RESULTS

Of the 8,275 donors who underwent plasmapheresis between

the 11th and 18th of May 2020, we tested 7,150 for SARS-CoV-

2 antibodies, 419 (5.9%) of whom tested positive. The optical

density:cutoff (OD:CO) ratio in seropositive individuals ranged

from 1.01 to 20.86. We invited 7,721 individuals to participate

in the online questionnaire, 4,275 (55.4%) of whom participated.

Antibody and questionnaire data were complete for 3,676
ports Medicine 2, 100222, March 16, 2021 ª 2021 The Author(s). 1
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Table 1. Characteristics and COVID-19 status, stratified by SARS-CoV-2 antibody status

SARS-CoV-2 antibody positive SARS-CoV-2 antibody negative p

Total 239 3,437

Gender (%)

Male 126 (52.7) 1,766 (51.4) 0.696

Female 113 (47.3) 1,671 (48.6)

Age, y 46.6 ± 13.8 50.0 ± 14.0 <0.001

Region (%)a

South 98 (41) 943 (27) <0.001

Mid 114 (48) 1,846 (54)

North 27 (11) 641 (19)

COVID-19 status (%)

Infection diagnosedb 3 (1.3) 0 (0.0) <0.001

Infection suspected 125 (52.3) 435 (12.7)

Infection not suspected 114 (47.7) 3,002 (87.3)

Symptom severity (%)

Asymptomatic 26 (10.9) 1,047 (30.5) <0.001

Only very mild symptoms 64 (26.8) 1,250 (36.4)

Mild to severe symptoms 149 (62.3) 1,134 (33.0)

Clinically suspected COVID-19 (%)c 174 (72.8%) 1,349 (39.2%) <0.001

Contacted physician (%) 30 (12.6) 270 (7.9) 0.009

Admitted to hospital (%) 1 (0.4) 14 (0.4) 0.980

Symptom onset (2020)d 15.03 (06.03–28.03) 10.03 (21.02–01.04)

Numbers (percentage within antibody status) andmeans ± standard deviations are shown. p values indicate the significance of differences; a 2-sided t

test for age, c2 tests for proportions.
aNorth = provinces of Friesland, Groningen, Drenthe, and Overijssel; South = North Brabant, Limburg, and Zeeland; Mid = all other provinces.
bSelf-reported PCR-confirmed diagnoses.
cAccording to clinical criteria of WHO COVID-19 Case Definition (see Method details).
dDate of symptom (DD.MM) onset in the year 2020, median (interquartile range).
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individuals, including 239 (6.5%) who tested positive for SARS-

CoV-2 antibodies. Seropositive individuals were generally

younger and more likely to live in the southern region of the

Netherlands than seronegative individuals (Table 1). Forty-eight

percent of the seropositive individuals and 87% of the seroneg-

ative, did not suspect they had had COVID-19. Approximately

11% of the seropositive individuals reported no symptoms at

all and 73% reported symptoms indicative of COVID-19. An

additional 27% of seropositive individuals reported only very

mild symptoms, generally sneezing (69%), coryza (55%), and/

or fatigue (40%). Only one individual positive for SARS-CoV-2

antibodies was admitted to a hospital, but this was because of

gastrointestinal complaints. The median date of symptom onset

in seropositive individuals was March 15, 2020. Symptom onset

was between March 6 and 28 in 50% of the seropositive

individuals.

Apart from diarrhea, vomiting, rash, and an altered mental

state (confusion), all of the symptoms were significantly more

frequently reported by seropositive versus seronegative individ-

uals (Figure 1). Anosmia/ageusia was the symptom most

strongly associated with the presence of SARS-CoV-2 anti-

bodies; the odds ratio of 12.7 was significantly higher than for

any other COVID-19-related symptom (Table 2). Despite this

strong association, it was not the most prevalent symptom
2 Cell Reports Medicine 2, 100222, March 16, 2021
among seropositive individuals. Other symptoms such as fever,

coryza, fatigue, cough, headache, myalgia, and sneezing were

similarly or even more prevalent among these individuals. How-

ever, these symptoms appeared less indicative of a SARS-CoV-

2 infection.

In seropositive individuals, the presence of symptoms was

also significantly associated with high levels of SARS-CoV-2

antibodies, except for the symptoms of sneezing and nausea

(Table 2). Dyspnea and muscle weakness were most strongly

associated with high levels of SARS-CoV-2 antibodies. Individ-

uals who suspected that they had a SARS-CoV-2 infection

were significantly more likely to be SARS-CoV-2 antibody posi-

tive and, among those antibody-positive individuals, to have

high levels of antibodies compared to individuals who did not

suspect having had COVID-19. More severe symptoms versus

being asymptomatic were also associated with antibody status

and levels, as was consultation of a physician because of those

symptoms.

Of all of the individuals who tested positive for SARS-CoV-2

antibodies, those who did not suspect having had the infection

reported no or very mild symptoms in 19% and 41% of all cases,

compared to only 3% and 14%, respectively, of those who did

suspect having had COVID-19 (Table 3). Physician contact and

hospital admittance did not differ between antibody-positive



Figure 1. Prevalence and severity of symptoms by antibody status: positive (+) or negative (�)

Age- and gender-adjusted logistic regression models indicate higher prevalence in 239 antibody-positive versus 3,437 antibody-negative individuals for all

symptoms (p < 0.001; Table 2), except where indicated as not significant (NS). Samples that tested reactive for antibodies, including samples with weak reactivity

(OD:CO ratio 3 0.5), were re-tested and considered positive if the re-test was reactive (OD:CO ratio > 1.0).
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individuals who did or did not suspect having had COVID-19. In-

dividuals who did not suspect having had COVID-19 attributed

their symptoms to unrelated circumstances, such as allergies,

in 39% of the cases, or temporary illness such as the flu, un-

known reasons, or chronic complaints in 20%, 18%, and 4%

of the cases, respectively. Among the 45 individuals who did

not suspect COVID-19 in spite of mild to severe symptoms, 5 re-

ported a negative PCR test (tests were done 3–52 days after

symptom onset). Nine individuals had non-specific symptoms

(e.g., coryza, sneezing). Another 31 individuals had symptoms

indicative of COVID-19 according to the World Health Organiza-

tion (WHO) Case Definition, but attributed those to unrelated cir-

cumstances (e.g., hay fever, trauma, n = 17), temporary illness

(e.g., flu, n = 8), chronic complaints (n = 3), or unknown reasons

(n = 3). Of all of the individuals who tested negative for SARS-

CoV-2 antibodies, those suspecting COVID-19were significantly

more likely to report more severe symptoms (76% versus 27%),

or symptoms indicative of COVID-19 according to the WHO

Case Definition (84% versus 33%).

DISCUSSION

We explored associations between COVID-19 suspicion and

SARS-CoV-2 antibody status, as well as between symptoms

and antibody status in healthy adults. Of those with reactive

test results, 48% did not suspect having been infected with

SARS-CoV-2. Eleven percent reported a complete absence of

symptoms and 27%only verymild symptoms during the national

peak of the epidemic. COVID-19-related symptoms, particularly

anosmia/ageusia and fever, were significantly associated with

antibody status, independent of age and gender.

The lack of COVID-19 suspicion in almost half of the subgroup

that tested positive for SARS-CoV-2 antibodies may have an

impact on individual adherence to governmental measures and

on the decision to request a PCR test, as health behavior largely
depends on beliefs regarding one’s own and others’ perceived

susceptibility to and severity of disease.8 A behavioral study by

the National Institute for Public Health and the Environment

showed that 80% of the people who reported symptoms did

not stay inside their homes and 40% even went to work.9 Also,

while 68% of the study participants indicated that they will get

tested if they develop symptoms, this percentage drops to

28% among individuals once they displayed symptoms. The

main reason for this was that individuals attributed their symp-

toms to hay fever or the common cold, the latter of which may

occur even more frequently during the flu season.

Assuming that the vast majority of SARS-CoV-2 infections

induce an antibody response, 38% of the infected individuals re-

ported having no (11%) or only very mild (27%) symptoms.10 An

important advantage of our retrospective study design in com-

parison to previous studies reporting 40%–45% asymptomatic

infections is the unlikelihood of falsely identifying pre-symptom-

atic cases as asymptomatic.3 In addition, our thorough assess-

ment of symptoms over an extended period is likely to have

captured milder symptoms that may have been underreported

in previous studies. Previous studies have been mainly cross-

sectional or with incomplete follow-up and with register-based

symptoms rather than systematic assessments.11,12 Almost

13% of the individuals who tested negative for SARS-CoV-2

did suspect a SARS-CoV-2 infection, a large majority (84%)

due to symptoms indicative of COVID-19. This finding further

emphasizes the non-specificity of COVID-19 symptoms,

although it cannot be excluded that some of these individuals

had COVID-19 without a detectable antibody response.

Particularly those individuals who reported no or very mild

symptoms only were relatively unlikely to suspect having been

infected with SARS-CoV-2. However, our study shows that in

comparison to being asymptomatic, even very mild symptoms,

and mild to severe symptoms in particular, were associated

with SARS-CoV-2 infection, as well as with high levels of
Cell Reports Medicine 2, 100222, March 16, 2021 3



Table 2. Associations between COVID-19 suspicion, symptom severity, and symptoms with SARS-CoV-2 antibody positivity and high

levels of SARS-CoV-2 antibodies

OR (95% CI) for SARS-CoV-2 antibody

positivity n = 3,676

OR (95%CI)a for high levels of SARS-CoV-2

antibodies n = 239

COVID-19 status: infection diagnosed or

suspected

7.29 (5.52–9.63)* 3.90 (2.16–7.06)*

Symptom severityb

Only very mild symptoms 2.06 (1.30–3.28)* 2.65 (1.03–6.80)*

Mild to severe symptoms 5.16 (3.34–7.96)* 4.35 (1.79–10.62)*

Clinically suspected COVID-19c 4.06 (3.00–5.50)* 4.61 (2.46–8.67)*

Contacted physician 1.75 (1.16–2.64)* 1.06 (0.47–2.42)

COVID-19 symptoms

Coryza 2.60 (1.98–3.42)* 2.45 (1.39–4.31)*

Sneezing 2.16 (1.63–2.86)* 1.32 (0.75–2.34)

Sore throat 1.77 (1.34–2.34)* 3.36 (1.79–6.30)*

Cough 2.81 (2.15–3.69)* 2.16 (1.22–3.84)*

Dyspnea 2.44 (1.80–3.30)* 4.80 (2.20–10.46)*

Sputum production 2.02 (1.49–2.73)* 2.25 (1.15–4.40)*

Fever 8.27 (6.18–11.08)* 2.92 (1.59–5.35)*

Chills 4.29 (3.14–5.85)* 2.95 (1.48–5.87)*

Anosmia/ageusia 12.74 (9.41–17.23)* 3.91 (2.08–7.35)*

Fatigue 2.70 (2.03–3.59)* 2.94 (1.60–5.41)*

Headache 2.19 (1.65–2.89)* 2.57 (1.41–4.66)*

Myalgia 2.58 (1.98–3.37)* 1.97 (1.12–3.44)*

Muscle weakness 4.70 (3.40–6.49)* 4.80 (2.14–10.77)*

Diarrhea 1.21 (0.84–1.73) 1.71 (0.78–3.72)

Nausea 1.84 (1.25–2.71)* 1.25 (0.57–2.74)

Vomiting 1.34 (0.64–2.82) 4.10 (0.49–34.26)

Rash 1.04 (0.68–1.60) 0.89 (0.37–2.13)

Altered mental status 1.47 (0.78–2.80) 6.34 (0.78–51.15)

* indicates statistical significance. CI, confidence interval; OR, odds ratio.
aAssociations with antibody levels (OD:CO > 10, n = 159) are only assessed in individuals who are positive for SARS-CoV-2 antibodies.
bAsymptomatic = reference.
cAccording to clinical criteria of WHO COVID-19 Case Definition (see Method details). Age- and gender-adjusted ORs and 95% CIs are shown.
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SARS-CoV-2 antibodies. Our finding that anosmia/ageusia is the

symptom that is most strongly associated with COVID-19 is in

line with results from the COVID Symptom Study, which showed

this symptom to be the strongest predictor of PCR-confirmed

SARS-CoV-2 infection.13 Improved awareness and recognition

of COVID-19 symptoms, in particular of the loss of smell and

taste, may therefore help to reduce the proportion of undetected

COVID-19 cases.

The strengths of this study include the large study sample, the

superior performance of the Wantai SARS-CoV-2 total antibody

ELISA over other antibody tests, and the thorough question-

naire-based assessment of the presence and severity of symp-

toms.14 As governments slowly ease virus control measures, it

becomes vital to identify and isolate infected individuals to prevent

newSARS-CoV-2 outbreaks.15,16 The presenceof anosmia/ageu-

sia especially should trigger PCR testing.13 In addition, our study

confirms the existence of asymptomatic SARS-CoV-2 infections

and adds that even symptomatic individuals did not suspect a
4 Cell Reports Medicine 2, 100222, March 16, 2021
SARS-CoV-2 infection. Despite the limitations of studies thus

far, sufficient evidence of asymptomatic and pre-symptomatic

transmission of SARS-CoV-2 exists.12,17 Efforts to identify cases

that rely on symptoms may therefore be insufficient, which em-

phasizes the importance of thorough contact tracing.18

In conclusion, almost half of the individuals who tested pos-

itive for antibodies to SARS-CoV-2 in a high-performance

immunoassay did not suspect having had an infection. This

proportion may be lowered with better awareness and recog-

nition of COVID-19 symptoms, in particular the loss of smell

and taste. However, 38% of those infected reported no or

only very mild symptoms. Tracing of asymptomatic contacts

is therefore crucial to reduce widespread SARS-CoV-2

transmission.

Limitations of study
Study participants were required to be in good health to qualify

for plasma donation. This selection bias may have resulted in



Table 3. Symptom severity, healthcare use, and suspected causes of symptoms, stratified by COVID-19 suspicion in individuals

positive and negative for SARS-CoV-2 antibodies

COVID-19 diagnosed or suspected COVID-19 not suspected p

Positive for SARS-CoV-2 antibodies n = 125 n = 114

Symptom severity (%)

Asymptomatic 4 (3.2) 22 (19.3) <0.001

Only very mild symptoms 17 (13.6) 47 (41.2)

Mild to severe symptoms 104 (83.2) 45 (39.5)

Clinically suspected COVID-19 (%)a 119 (95.2) 55 (48.2) <0.001

Contacted a physician (%) 15 (12.0) 15 (13.2) 0.947

Admitted to hospital 0 (0.0) 1 (0.9) 0.477

Likely cause of symptoms, if any (%)

Temporary illness 106 (84.8) 23 (20.1) <0.001

Chronic complaints 0 (0.0) 4 (3.5)

Unrelated circumstancesb 5 (4.0) 44 (38.6)

Unknown 10 (8.0) 20 (17.5)

Negative for SARS-CoV-2 antibodies n = 435 n = 2993

Symptom severity (%)

Asymptomatic 31 (7.1) 1017 (34.0) <0.001

Only very mild symptoms 74 (17.0) 1172 (39.2)

Mild to severe symptoms 330 (75.9) 804 (26.9)

Clinically suspected COVID-19 (%)a 365 (83.9) 982 (32.8) <0.001

Contacted a physician (%) 50 (11.5) 205 (6.8) 0.001

Admitted to hospital (%) 1 (0.2) 13 (0.4) 1.000

Numbers (percentage within COVID-19 suspicion status) are shown; differences tested with c2 test or Fisher’s exact test in the event of cells with ex-

pected counts <5.
aAccording to clinical criteria of WHO COVID-19 Case Definition (see Method details).
bCircumstances not related to COVID-19, such as allergies or trauma.
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an underrepresentation of SARS-CoV-2 seropositive individuals

and of more severe COVID-19 cases in particular. As those with

more severe COVID-19 would be more likely to be aware of their

past infection, this may have contributed to the high percentage

of individuals unaware of their past infection. We also asked

participating individuals to report their symptoms over a period

of almost 3 months, which obviously introduces a risk of recall

bias. Nonetheless, given the unprecedented impact of SARS-

CoV-2 on society and the repeated governmental calls to self-

isolate with symptoms, we expect that most individuals have

an exceptional recollection of their COVID-19 suspicion and

symptoms during this period.
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Plasma samples from 7150 donors were tested for
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immunoassay.

Wantai Biological Pharmacy Enterprise Co.,
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Dataset deposited Open Science Framework https://osf.io/xds75/
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RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources should be directed to and will be fulfilled by the Lead Contact, Katja van den Hurk

(k.vandenhurk@sanquin.nl).

Materials availability
This study did not generate new unique reagents.

Data and code availability
The dataset generated and analyzed in the context of this study is made available via the Open Science Framework (https://osf.io/

xds75/). The computer code used to generate results that are reported in this paper are available from the Lead Contact upon

request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

The first case of COVID-19 in the Netherlands – one of the most densely populated countries in Europe with 17.2 million inhabitants

(511/km2) – was reported on February 27th, 2020. By the 11th of May, 42,788 PCR-confirmed COVID-19 cases were reported,

including 11,343 hospital admissions and 5,456 deaths.19 Disease prevalence showed a positive North-South gradient.

Sanquin is by law the only organization authorized to collect and distribute blood and blood components in the Netherlands. On a

yearly basis, approximately 330,000 individuals aged 18 to 73 years make over 700,000 donations on a voluntary non-remunerated

basis. Of those donations, 300,000 are apheresis procedures, which separate specific blood components, such as plasma, and re-

turn the remainder to the donor. Individuals must be in good health to be eligible to donate, which is checked using a pre-donation

donor health questionnaire and capillary haemoglobin measurement, that are discussed in person on-site.20 Pop-ups at Sanquin’s

donor website to not come in to donate in case of symptoms and the mandatory ‘COVID-19 health check’ upon entry of a donation

center currently prevent individuals with any potential COVID-19-related symptoms from donating.

Individuals who donated plasma anywhere in the Netherlands between May 11th and 18th 2020 who consented (99.7%) to using

leftovers of their donation for research were tested for SARS-CoV-2 antibodies. Those who donated COVID-19 convalescent plasma

were excluded, as they were recruited separately and are, thus, not representative of regular plasma donors. Eligible individuals with

registered e-mail addresses were subsequently invited to participate in an online questionnaire. This cross-sectional study was con-

ducted according to the principles of the Declaration of Helsinki (2013) and the General Data Protection Regulation (GDPR). All

participating individuals gave informed consent before participating in the online questionnaire and the study protocol and proced-

ures were approved by Sanquin’s Ethics Advisory Council and its Privacy Officer. Their gender and age are listed in Table 1. To

reduce any risk of social desirability bias, we have assured individuals before taking part in the survey that their data will be treated

confidentially and that all data will be coded and never traced back to the individual.

METHOD DETAILS

SARS-CoV-2 antibody testing
Plasma samples were tested for the presence and levels of antibodies against SARS-CoV-2, using a SARS-CoV-2 total antibody

ELISA (Wantai Biological Pharmacy Enterprise Co., Beijing, China) following the manufacturer’s instructions. Samples that tested
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reactive, including samples with weak reactivity (OD/CO ratio 3 0.5), were re-tested and considered positive if the re-test was reactive

(OD/CO ratio > 1.0). We previously determined the sensitivity and specificity of the Wantai test to be 98.7% and 99.6%, respec-

tively.21 As OD/CO ratios were not normally distributed, antibody levels were dichotomized (> 10.0 considered high).

Online questionnaire
Within 8 days after their donation, all individuals for whom e-mail addresses (n = 7,721) were available and valid were invited by e-mail

and provided with a web link to an online questionnaire, programmed in Qualtrics (SAP, Walldorf, Germany). The questionnaire

included self-reported COVID-19 status (diagnosed by PCR/suspected/not suspected) and a list of 18 symptoms considered to

be COVID-19-related according guidelines specified by the Dutch National Institute for Public Health and the Environment (see

also ‘online questionnaire (in Dutch)’).22 Participants indicated the extent to which they suffered from these symptoms in the period

between one week before the first confirmed case nationally (February 21st, 2020) and their donation date on a scale from 0 (not at all)

to 5 (severely). A symptomwas considered present if the score was 1 (very mild) or higher. Symptom severity was defined as asymp-

tomatic (score 0), only very mild symptoms (score 1) or mild to severe symptoms (score for at least one symptom 2 or higher). In

accordance with the World Health Organization’s COVID-19 Case Definition, clinically suspected COVID-19 was defined based

on clinical criteria. This implies that individuals who reported either anosmia/ageusia, or fever and cough, or three or more of the

following symptoms: fever, cough, general weakness/fatigue, headache, myalgia, sore throat, coryza, dyspnoea, anorexia/

nausea/vomiting, diarrhea, altered mental status, were considered clinically suspected COVID-19 cases.23

Participants who reported symptomswere also askedwhether or not they consulted a physician or were admitted to a hospital and

what they thought had caused their symptoms: temporary illness (e.g., flu, COVID-19), chronic complaints, other circumstances (e.g.,

allergies, trauma) or unknown.

Demographic background data on age, gender, and region were obtained from the blood bank information system eProgesa (MAK

systems, Paris, France).

QUANTIFICATION AND STATISTICAL ANALYSIS

Descriptive information for continuous variables was calculated asmean and standard deviations, ormedian and interquartile range if

skewed. We performed two-sided t tests for continuous variables and chi2 tests for proportions to assess differences between sub-

groups. Associations between symptoms and their severity with antibody status and levels were estimated using logistic regression

analyses. Statistical analyses were performed using SPSS, Version 23 (IBM, Armonk, U.S.A.).
e2 Cell Reports Medicine 2, 100222, March 16, 2021
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