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Abstract 35 

Background. Whereas severe acute respiratory syndrome coronavirus 2 (SARS-CoV-36 

2)-specific antibody tests are increasingly used to estimate the prevalence of SARS-37 

CoV-2 infection, the determinants of these antibody responses remain unclear. 38 

Objectives. To evaluate systemic and mucosal antibody responses toward SARS-39 

CoV-2 in mild versus severe coronavirus disease 2019 (COVID-19) cases. 40 

Methods. Using immunoassays specific for SARS-CoV-2 spike proteins, we 41 

determined SARS-CoV-2-specific immunoglobulin A (IgA) and immunoglobulin G 42 

(IgG) in sera and mucosal fluids of two cohorts, including SARS-CoV-2 polymerase 43 

chain reaction (PCR)+ patients (n = 64) as well as PCR+ and PCR– healthcare workers 44 

(n = 109). 45 

Results. SARS-CoV-2-specific serum IgA titers in mild COVID-19 cases were often 46 

transiently positive, whereas serum IgG titers remained negative or became positive 47 

12–14 days after symptom onset. Conversely, patients with severe COVID-19 showed 48 

a highly significant increase of SARS-CoV-2-specific serum IgA and IgG titers after 49 

symptom onset. Very high titers of SARS-CoV-2-specific serum IgA correlated with 50 

severe acute respiratory distress syndrome (ARDS). Interestingly, some healthcare 51 

workers with negative SARS-CoV-2-specific serum antibody titers showed SARS-52 

CoV-2-specific IgA in mucosal fluids with virus-neutralizing capacity in some cases. 53 

SARS-CoV-2-specific IgA titers in nasal fluids inversely correlated with age. 54 

Conclusions. Systemic antibody production against SARS-CoV-2 develops mainly in 55 

severe COVID-19, with very high IgA titers seen in patients with severe ARDS, 56 

whereas mild disease may be associated with transient production of SARS-CoV-2-57 

specific antibodies but stimulate mucosal SARS-CoV-2-specific IgA secretion. 58 
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Clinical Implication. Measurement of SARS-CoV-2-specific serum IgA and IgG 59 

titers in asymptomatic patients might underestimate the prevalence of infected 60 

individuals. 61 

Capsule summary 62 

Our study suggests a model where the extent and duration of SARS-CoV-2-related 63 

clinical symptoms correlates with the systemic and mucosal virus-specific humoral 64 

immune responses, with implications for seroprevalence studies. 65 

 66 
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Abbreviations 79 

ACE2: angiotensin-converting enzyme 2 80 

ARDS: acute respiratory distress syndrome 81 

COVID-19: coronavirus disease 2019 82 

Ct: cycle threshold 83 

ECD: extracellular domain 84 

ELISA: enzyme-linked immunosorbent assay 85 

HCW: healthcare worker 86 

HCW cohort: healthcare worker cohort 87 

IgA: immunoglobulin A 88 

IgG: immunoglobulin G 89 

IgM: immunoglobulin M 90 

IQR: interquartile range 91 

MERS-CoV: Middle East respiratory syndrome coronavirus 92 

NC: nucleocapsid 93 

OD: optical density 94 

RBD: receptor-binding domain 95 

RT-qPCR: quantitative reverse-transcriptase polymerase chain reaction 96 

S: spike 97 

SARS-CoV: severe acute respiratory syndrome coronavirus 98 

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2 99 

WHO: World Health Organization 100 
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Introduction 102 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent 103 

of coronavirus disease 2019 (COVID-19), is a betacoronavirus related to severe acute 104 

respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory 105 

syndrome coronavirus (MERS-CoV). 1–4 The zoonotic introduction of MERS-CoV 106 

and SARS-CoV into the human population resulted in limited outbreaks, whereas the 107 

appearance of SARS-CoV-2 has led to a rapidly spreading pandemic. As of October 108 

05, 2020, COVID-19 had affected about 35.2 million confirmed cases worldwide and 109 

caused an estimated 1.04 million deaths.5 Several characteristics of SARS-CoV-2 110 

have likely contributed to its rapid spread. These include the ability of SARS-CoV-2 111 

to efficiently replicate in the upper respiratory tract mucosa of humans,6 its variable 112 

incubation time of about 3–14 days, and the presence of many asymptomatic and 113 

presymptomatic SARS-CoV-2-infected individuals producing sufficient amounts of 114 

virus for human-to-human transmission.7–9 Thus, SARS-CoV-2 infection is frequently 115 

unrecognized. 116 

When symptomatic, COVID-19 can range from a mild flu-like illness in about 81% to 117 

a severe and critical disease in about 14% and 5% of affected patients, respectively.10–118 

12 Mild COVID-19 is characterized by fatigue, fever, sore throat, cough, and mild 119 

pneumonia. Severe disease features dyspnea, hypoxia and radiographic evidence of 120 

lung involvement of 50% and more, and critical COVID-19 results in acute 121 

respiratory distress syndrome (ARDS) with respiratory failure, multiorgan 122 

dysfunction, and shock. The World Health Organization (WHO) proposed a 123 

classification of symptomatic COVID-19 into (i) mild illness, (ii) mild pneumonia, 124 

(iii) severe pneumonia, (iv) ARDS (based on the Berlin definition of ARDS)13 , and 125 

(v) sepsis and septic shock.14 126 
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Human angiotensin-converting enzyme 2 (ACE2) serves as a cell entry receptor for 127 

SARS-CoV-2. Pneumocytes and other host cells expressing ACE2 are therefore 128 

particularly susceptible to infection by SARS-CoV-2. Mechanistically, SARS-CoV-2 129 

binds to ACE2 via the receptor-binding domain (RBD) of the S1 subunit of its surface 130 

spike (S) glycoprotein.3,15 Thus, humoral immunity targeting the S protein could 131 

interfere with SARS-CoV-2 infection, as evidenced from serological studies.16,17 132 

As with other coronaviruses, symptomatic SARS-CoV-2 disease causes an acute 133 

infection with activation of the innate and adaptive immune systems. The former 134 

leads to the release of several pro-inflammatory cytokines, including interleukin-6. 135 

Conversely, other anti-viral cytokines, such as the type I and III interferon pathways, 136 

are hampered by coronaviruses, including SARS-CoV and SARS-CoV-2.18–20 137 

Subsequently, B and T cells become activated, resulting in the production of SARS-138 

CoV-2-specific antibodies, comprising immunoglobulin M (IgM), immunoglobulin A 139 

(IgA), and immunoglobulin G (IgG).21 Whereas coronavirus-specific IgM production 140 

is transient and leads to isotype switch to IgA and IgG,22 these latter antibody 141 

subtypes can persist for extended periods in the serum and in nasal fluids.23 Whether 142 

SARS-CoV-2-specific IgG antibodies correlate with virus control is a matter of 143 

intense discussions.16,17,24,25 144 

Unlike the internal nucleocapsid protein (NC) of SARS-CoV-2, that shares about 90% 145 

amino acid sequence homology with the NC of SARS-CoV, the S1 subunit shares 146 

only 64% amino acid sequence homology and shows limited homology with other 147 

human coronaviruses, such as 229E, NL63, OC43, and HKU1, which use different 148 

viral entry receptors.3,26 Thus, antibodies generated to previous coronavirus infections 149 

are unlikely to cross-react with the S1 protein of SARS-CoV-2 and should therefore 150 

not significantly account for any seroreactivity toward the S1 subunit.26 151 
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Despite intensive research efforts, several determinants of SARS-CoV-2-specific 152 

antibody production remain ill-defined, such as its relation to COVID-19 severity, 153 

disease duration, patient age, and comorbidities. There is also a paucity of knowledge 154 

on SARS-CoV-2-specific IgA and IgG antibodies at mucosal sites and how their titers 155 

correlate with COVID-19 parameters. And, finally, it is unclear whether tissue-156 

associated IgA and IgG secretion, rather than their systemic production, might be 157 

evident in SARS-CoV-2-exposed individuals undergoing mild disease. 158 

159 
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Methods 160 

Human subjects and patient characteristics 161 

Following written informed consent, patients and healthcare workers (HCWs) were 162 

recruited for sampling of blood and mucosal secretions. We studied two cohorts, 163 

including patients with quantitative reverse-transcriptase polymerase chain reaction 164 

(RT-qPCR)-confirmed SARS-CoV-2 infection (n = 64; median age 59.5 years) with 165 

mild versus severe COVID-19, and HCWs (termed HCW cohort; n = 109; median age 166 

36 years) with or without symptoms who tested negative or positive for SARS-CoV-2 167 

by RT-qPCR. HCWs included employees of of University Hospital Zurich of all 168 

professional groups, both with and without patient contact. Exposure was defined as 169 

contact with an RT-qPCR–confirmed COVID-19 patient without adequate safety 170 

measures.27 Because of pre-existing comorbidities, six patients were under stable 171 

immunosuppressive treatment at time of inclusion (Table 1); conversely, patients 172 

receiving B cell-depleting agents, such as rituximab,28 were excluded from our study. 173 

For longitudinal analyses of serum and mucosal SARS-CoV-2-specific antibody 174 

responses, two subjects with mild COVID-19 were sampled repeatedly during their 175 

disease course. Our COVID-19 patients were classified according to the WHO 176 

criteria14 into (a) mild cases, comprising mild illness and mild pneumonia, versus (b) 177 

severe cases, including severe pneumonia and ARDS; our cohort did not contain any 178 

patients with sepsis or septic shock. The study was approved by the Cantonal Ethics 179 

Committee of Zurich (BASEC #2016-01440 and #2020-00363). 180 

 181 

Collection of serum, tears, nasal fluid and saliva 182 

A subgroup of the HCW cohort (termed HCW mucosal subgroup; n = 33) volunteered 183 

to be sampled for blood as well as, simultaneously, tears, nasal fluid, and saliva. 184 
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Venous blood samples were collected in BD Vacutainer CAT serum tubes (Becton 185 

Dickinson). Tears were sampled using filter paper produced for Schirmer tear tests 186 

(HS Clement Clarke Ophtalmic). Nasal fluids were collected by inserting a dry soft 187 

tissue into the nasal cavities for 5 minutes (Vostra). Unstimulated saliva was collected 188 

for 5 minutes. 189 

 190 

IgA and IgG immunoassays 191 

A commercial enzyme-linked immunosorbent assay (ELISA) specific for the S1 192 

protein of SARS-CoV-2 was used according to manufacturer's instructions 193 

(Euroimmun SARS-CoV-2 IgA and IgG immunoassay) and validated by using serum 194 

samples of hospitalized patients with confirmed COVID-19 as positive controls and 195 

serum samples collected prior to the COVID-19 pandemic as negative controls. The 196 

results showed a specificity for anti-S1 IgA of >95% and anti-S1 IgG >99%, which is 197 

in accordance with recently published data.29 Serum samples were analyzed at a 1:100 198 

dilution and mucosal samples at a 1:5 dilution (with 0.9% NaCl). For serum IgA, 199 

optical density (OD) ratios of 1.1–2.0 were considered borderline positive and values 200 

above 2.0 positive. For serum IgG, OD ratios of 0.8–1.1 were considered borderline 201 

positive and values above 1.1 positive. 202 

Furthermore, we assessed the samples of the HCW mucosal subgroup using an in-203 

house immunoassay for IgA and IgG against S protein extracellular domain (ECD), 204 

RBD, and NC.30 Mucosal samples were pre-diluted 1:2 in sample buffer (PBS Tween-205 

20 0.1%, 1% milk) and serum was pre-diluted 1:20 in sample buffer and transferred to 206 

antigen-coated 1536-well assay plates using acoustic dispensing technology (Labcyte 207 

ECHO 555) with serial dilutions ranging from 1:5–1:640 (mucosal samples) and 208 

1:50–1:6400 (serum). ODs were measured at 450 nm in a multimode plate reader 209 
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(Perkin Elmer EnVision), followed by fitting with a logistic regression and 210 

determination of the inflection point of the sigmoidal curve (-log(EC50)). Negative 211 

values were depicted as 0. 212 

 213 

Quantitative reverse-transcriptase polymerase chain reaction (RT-qPCR) 214 

Nasopharyngeal swabs were subjected to RT-qPCR using the TaqMan SARS-CoV-2 215 

Assay Kit v2 (Thermo Fischer), the 2019-nCoV CDC qPCR Probe Assay (2019-nCov 216 

CDC EUA Kit; Integrated DNA Technologies, Inc.), or the Roche Cobas SARS-CoV-217 

2 Test CE-IVD (Roche) according to manufacturers' instructions. The cycle threshold 218 

(Ct) values for the different SARS-CoV-2 PCR targets were compounded and 219 

reported as averages. 220 

 221 

SARS-CoV-2 microneutralization assay 222 

Serum, nasal fluid, and tear fluid samples were diluted in DMEM plus 2% fetal calf 223 

serum, 20 mM HEPES and 0.05% NaHCO3. Two�fold serial dilutions were mixed 224 

with an equal volume of SARS-CoV-2 viral solution (350 plaque-forming units/50 µl) 225 

resulting in final sample dilutions ranging from 1:10 to 1:40 for sera and 1:5 to 1:20 226 

for mucosal fluid samples. The serum�virus mix was incubated for one hour at room 227 

temperature and dispersed on 96-well plates containing a semi�confluent VeroE6 228 

monolayer. The plates were incubated for 20 hours at 37°C in a humidified 229 

atmosphere with 5% CO2, prior to fixation and fluorescent staining with a SARS-CoV 230 

NC-specific antibody (biomol #200-401-A50). The assay was evaluated by 231 

fluorescence microscopy, and plaque reduction of less than 50% was interpreted as 232 

absent, reduction of 50–80% as partial, and reduction of 80–100% as full 233 

neutralization, all compared to a control without patient serum or mucosal fluid. 234 
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 235 

Statistics 236 

Descriptive statistics for the cohort of patients (stratified by mild versus severe 237 

disease) and the HCW cohort are presented as median and interquartile ranges for 238 

continuous variables, as well as numbers and percentages of total for categorical 239 

variables. For the comparison of location parameters in two independent groups, the 240 

Wilcoxon's rank sum test was used, in a version accounting for ties.31 For the 241 

comparison of more than two independent groups, the non-parametric Kruskal-Wallis 242 

test was used. Multiple linear regression models were used to quantify the association 243 

between log-transformed IgA and IgG titers as outcomes as well as a set of pre-244 

defined independent variables. These included disease severity, age, duration of 245 

symptoms (days), and patient comorbidities. Generalized additive models were used 246 

to evaluate potential non-linear relationships of disease duration with the two 247 

outcomes, as described above. Wilcoxon test was used to test for differences between 248 

two continuous variables in the tables, and P values were adjusted using the Holm 249 

method. Fisher’s exact test was used for comparing two and Chi-square for comparing 250 

three categorical variables. Non-parametric Spearman correlations were used for the 251 

comparison between different immunoassays. 252 

Statistical analyses were performed with R (version 3.6.1) and using the packages 253 

"coin" and "mgcv". Graph-Pad Prism was used for visualization. P values in the 254 

patient cohort were adjusted for multiple testing, using the method proposed by 255 

Benjamini-Hochberg.32 Adjusted P values were considered statistically significant if 256 

smaller than the significance level of α = 0.05. In the HCW mucosal subgroup, 257 

evidence was quantified on a continuous scale and these results were considered 258 

exploratory. 259 

260 
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Results 261 

COVID-19 severity, disease duration, and patient age influence SARS-CoV-2-262 

specific serum IgA and IgG secretion. 263 

Serum samples of 64 RT-qPCR-confirmed mild (n = 26) and severe (n = 38) COVID-264 

19 cases (Table 1) were assessed for IgA and IgG antibodies toward the SARS-CoV-265 

2 S1 protein by using highly-specific immunoassays. The mean period between 266 

reported symptom onset and serum collection were 13.5 days (median 9 days) in the 267 

mild COVID-19 group and 20.2 days (median 15.5 days) in the severe COVID-19 268 

group of patients, respectively (Figure E1A). In comparison to mild COVID-19, 269 

patients with severe disease had on average higher serum titers of S1-specific IgA (P 270 

< 0.0001) and IgG (P < 0.0001) (Figure 1A). In mild COVID-19 cases, serum titers 271 

of S1-specific IgA increased slightly (P < 0.0001) as a function of time from serum 272 

sampling to symptom onset (Figure 1B). Likewise, serum titers of S1-specific IgG 273 

increased moderately (P = 0.002) in mild cases (Figure 1B). These antibody 274 

responses revealed no significant pattern associated with patient age (P = 0.15 for 275 

IgA, and P = 0.28 for IgG) (Figure 1C), sex (Figure E1B and E1C), pre-existing 276 

comorbidities, including hypertension, diabetes mellitus, heart disease, 277 

cerebrovascular disease, lung disease, and kidney disease, or immunosuppressive 278 

treatment. In patients with a history of solid cancer, lower S1-specific IgA titers were 279 

detectable (Table 2). 280 

On average, positive S1-specific serum IgA titers became evident in mild COVID-19 281 

cases ten days after symptom onset (Figure 1B). S1-specific serum IgA titers peaked 282 

in samples drawn at around three weeks from symptom onset, whereas in subjects 283 

tested later S1-specific serum IgA tended to be lower. As for S1-specific serum IgG 284 
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concentrations, these remained negative or reached positive values in mild COVID-19 285 

patients around 12–14 days after symptom onset (Figure 1B). 286 

In stark contrast to mild cases, patients suffering from severe COVID-19 showed a 287 

strong correlation of serum titers of S1-specific IgA with disease duration (P = 288 

0.0008), which was even more pronounced for serum titers of S1-specific IgG (P < 289 

0.0001) (Figure 1B). These antibody responses became positive on average in 290 

samples obtained on day 3–4 for IgA and day 4–5 for IgG, and they appeared to be 291 

independent of patient age (P = 0.76 for IgA, and P = 0.76 for IgG), sex, and 292 

comorbidities (Figure 1B and 1C, Figure E1B and E1C, and Table 2). 293 

When grouped according to level of care, we observed in mild cases of COVID-19 294 

that S1-specific serum IgA titers did not show any discernible pattern, whereas S1-295 

specific serum IgG titers were higher in hospitalized compared to outpatient cases 296 

(Figure 2A). Thus, we next assessed disease severity and, as expected, younger 297 

patients tended to have milder disease, whereas older patients had more severe 298 

manifestations (Figure E2). There was no time-dependent pattern visible for S1-299 

specific serum IgA, whereas S1-specific serum IgG titers showed a stronger increase 300 

over time in mild pneumonia cases versus those with mild illness (Figure 2B). 301 

Strikingly, very high titers (>25 optical density [OD] ratio) of SARS-CoV-2-specific 302 

serum IgA, but not serum IgG, correlated with severe ARDS (Figure 2B and Figure 303 

E3). In a multiple linear model on all patients, there was strong evidence for an 304 

association between severe disease, days after symptom onset and increased S1-305 

specific serum IgA and IgG responses. Immunosuppressive therapy was not 306 

associated with decreased S1-specific serum IgG titers (Table 2). 307 

In summary, disease severity appears to influence S1-specific serum IgA and IgG 308 

titers and S1-specific IgA responses might occur transiently in patients with mild 309 
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disease. To evaluate this latter hypothesis, we conducted a longitudinal study in two 310 

selected patients with mild COVID-19, as presented below. 311 

S1-specific antibody responses can be transient and delayed in mild COVID-19. 312 

We followed up two adults (a 42-year old woman and a 42-year old man, living 313 

together as a couple) with mild, RT-qPCR-confirmed SARS-CoV-2 infection. He 314 

(patient COV2-A0013) developed fatigue and cough from day 0 on, followed by fever 315 

on day 1, and dysosmia on days 9–16. She (patient COV2-A0014) showed signs of 316 

fatigue and sore throat from day 0 on, fever between days 2–5, and cough on day 3 317 

(Figure 3A). 318 

The RT-qPCR cycle threshold (Ct) values at detection were low on days 1–20 for 319 

patient COV2-A0013 and day 7 for patient COV2-A0014, indicating the presence of 320 

high amounts of SARS-CoV-2 RNA in their nasal swabs (Figure 3B). On day 30 for 321 

patient COV2-A0013 and from day 17 on for patient COV2-A0014, the Ct values 322 

increased to 40 and more, thus indicating that the amount of virus RNA had dropped 323 

below the detection limit (Figure 3B). 324 

Patient COV2-A0013 showed S1-specific serum IgA titers that were negative on day 325 

7, rose to borderline values on day 10, became positive on day 14 at a titer of 3.8 OD 326 

ratio where they remained on day 20, and further increased to a titer of 8.5 OD ratio 327 

on day 30; his S1-specific serum IgG titers remained negative on days 7–14, became 328 

borderline positive on day 20, and clearly positive at an OD ratio of 4.5 on day 30 329 

(Figure 3C). Conversely, S1-specific serum IgA titers in patient COV2-A0014 were 330 

borderline on day 4, became positive on days 7 and 11, followed by a drop to 331 

borderline values on days 17 and 28; her S1-specific serum IgG titers were negative 332 

on days 4–7, became borderline on day 11 and weakly positive at an OD ratio of 1.1 333 

on day 17, and remained weakly positive at an OD ratio of 1.8 on day 28 (Figure 3C). 334 
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We compared these results to longitudinal analyses of S1-specific serum IgA and IgG 335 

values in two different situations. In asymptomatic controls, S1-specific serum IgA 336 

and IgG remained negative throughout the period of assessment, whereas in severe 337 

COVID-19 cases both antibody responses increased after day 4–5 and were markedly 338 

elevated on day 14–15 (Figure E4). 339 

These longitudinal data in mild COVID-19 cases demonstrate that S1-specific serum 340 

IgA production can be transient, whereas S1-specific serum IgG production occurs 341 

late and correlates with the severity of clinical symptoms. 342 

 343 

Some seronegative HCWs show SARS-CoV-2–specific IgA at mucosal sites. 344 

Having observed that in mild COVID-19 cases, S1-specific serum IgA and IgG 345 

production can be transient, delayed or even absent, we assessed serum S1-specific 346 

antibody responses in a well-defined cohort of HCWs (n = 109; termed HCW cohort). 347 

These HCWs either did or did not have clinical symptoms suggestive of COVID-19, 348 

and they either tested negative or positive for SARS-CoV-2 in respiratory secretions 349 

by RT-qPCR. We grouped them as follows (Figure 4): (i) asymptomatic, RT-qPCR 350 

negative, with a recent history of SARS-CoV-2 exposure (Asymp/PCR-; n = 17); (ii) 351 

symptomatic, RT-qPCR negative (Symp/PCR-; n = 71); and (iii) symptomatic, RT-352 

qPCR positive (Symp/PCR+; n = 21). 353 

The Asymp/PCR- group contained very few S1-specific serum IgA-positive and no 354 

IgG-positive subjects (Figure 5A). Conversely, there were four out of 71 (6%) 355 

participants with positive IgA and IgG values found in the Symp/PCR- group, which 356 

likely represented individuals that had had a mild SARS-CoV-2 infection (Figure 357 

5A). As expected, the Symp/PCR+ group contained more seropositive individuals, 358 
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with 8 out of 21 (38%) subjects having positive IgA and IgG titers for S1 of SARS-359 

CoV-2 at the time of sampling (Figure 5A). 360 

To investigate S1-specific IgA and IgG titers at mucosal sites, we analyzed tears, 361 

nasal fluids, and saliva in a subset of the HCW cohort, termed HCW mucosal 362 

subgroup (Figure 4). This subgroup also recorded self-reported clinical symptoms 363 

(Table 3). When assessing the Symp/PCR+ members of the HCW mucosal subgroup, 364 

a clear correlation was evident between positivity of S1-specific IgA and IgG in 365 

serum (Figure 5B) with the corresponding values in nasal secretions (Figure 5C). 366 

Thus, for S1-specific IgG, Symp/PCR+ members with positive serum titers also 367 

showed elevated titers of S1-specific IgG in nasal secretions (Figure 5B and 5C), 368 

possibly indicating transfer of S1-specific IgG from serum to the nasal mucosa. 369 

Conversely, the relationship of serum versus nasal fluid in Symp/PCR+ members was 370 

more variable for S1-specific IgA (Figure 5B and 5C). 371 

To further investigate these findings, we adapted and used our two SARS-CoV-2 S 372 

protein-specific immunoassays (Figure E5 and E6) to assess the subjects in the HCW 373 

mucosal subgroup that tested negative for SARS-CoV-2-specific IgA or IgG in serum. 374 

Firstly, we ruled out an influence of time of sampling or total amount of detectable 375 

IgA and IgG in our samples. Mean time of sampling since symptom onset was 26.5 376 

days for both Symp/PCR- and Symp/PCR+ groups of the HCW mucosal subgroup, 377 

whereas the Asymp/PCR- group was tested 11 days or more after exposure. Total IgA 378 

and IgG titers were comparable in serum samples as well as tear, nasal fluid, and 379 

saliva samples of all three groups of participants (Figure E7). Notably, whereas total 380 

IgG titers were measurable in nasal fluids, they were very low in tear fluid and saliva 381 

(Figure E7). Analyzing S protein-specific IgA and IgG in our mucosal samples, we 382 

observed a reliable correlation between our two immunoassays for serum IgA and 383 
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IgG, as well as tear and nasal fluid IgA, whereas the other measurements were less 384 

consistent and were thus not considered for our conclusions (Figure E6). 385 

Interestingly, we were able to detect S protein-specific IgA in the mucosal samples of 386 

several subjects in the absence of seropositivity. Analyzing individual participants, we 387 

found that subjects COV2-M0033, COV2-M0061, and COV2-M0103 showed high 388 

S1-specific, ECD-specific, and RBD-specific IgA values in their nasal fluids, whereas 389 

total IgA values were average in nasal fluids of these individuals (Figure 5D–5F and 390 

Figure E7). Moreover, the nasal fluid of subject COV2-M0015 contained high S1-391 

specific and RBD-specific IgA values, in the presence of average total IgA values 392 

(Figure 5D–5F and Figure E7). When measuring tear fluid, subjects COV2-M0015 393 

and COV2-M0033 presented with high S1-specific, ECD-specific, or RBD-specific 394 

IgA values (Figure 5G–5I). Additionally, a few other individuals also had detectable 395 

S protein-specific IgG in their nasal fluid despite being IgG seronegative (Figure 5D–396 

5F). Notably, some mucosal samples showed comparable neutralizing capacity to 397 

serum in an in vitro neutralization assay of viable SARS-CoV-2 (Figure E8). These 398 

findings further supported our detection of humoral immune reponses at mucosal sites 399 

in mild COVID-19 cases in the absence of serum antibodies toward SARS-CoV-2.  400 

In contrast to total IgA titers, assessing S protein-specific IgA values in nasal fluid 401 

versus age in seronegative HCWs, we found an inverse correlation (R2adj = 0.153, P 402 

= 0.037). The same analysis with S protein-specific IgA titers in serum versus age, 403 

however, did not reveal a correlation (P = 0.58) (Figure 5J–5L). Interestingly, the 404 

longitudinal subject (COV2-A0014) with short disease duration, transient S protein-405 

specific IgA and delayed IgG production also had high titers of S protein-specific IgA 406 

in her nasal fluid (Figure E9). 407 
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Collectively, in 15–20% of S protein-seronegative individuals in our cohort, we 408 

detected S protein-specific IgA antibodies at several mucosal sites. Furthermore, 409 

mucosal S protein-specific IgA titers inversely correlated with patient age, suggesting 410 

increased mucosal antibody responses in younger SARS-CoV-2-exposed individuals. 411 

Discussion 412 

In severe cases of COVID-19, we found that SARS-CoV-2 S protein-specific serum 413 

IgA and IgG titers became positive in samples obtained on average 3–5 days after 414 

symptom onset, which is in agreement with earlier publications.16 These antibody 415 

responses showed a strong correlation with disease duration, but they were 416 

independent of patient age, sex, and most pre-existing comorbidities. Very high serum 417 

titers of S protein-specific IgA, but not IgG, correlated with severe ARDS, thus 418 

warranting further studies evaluating the role of IgA in SARS-CoV-2-associated 419 

severe ARDS. 420 

Conversely, in mild cases of SARS-CoV-2 infection, S protein-specific serum IgA 421 

production was transient, delayed or even absent, accompanied by an S protein-422 

specific serum IgG response that occurred late or remained negative. Interestingly, 423 

however, we found evidence of S protein-specific IgA and IgG at mucosal sites of 424 

individuals with mild COVID-19. There, mucosal S protein-specific IgG titers 425 

appeared to mirror the systemic, i.e. serum, titers of these antibodies. Mucosal S 426 

protein-specific IgA titers, however, were even detectable at several mucosal sites of 427 

about 15–20% S protein-seronegative individuals in our cohort. Interestingly, mucosal 428 

S protein-specific IgA titers correlated inversely with patient age. 429 

We think these findings suggest a model where the extent and duration of SARS-430 

CoV-2-related clinical symptoms, which likely correlate with virus replication, dictate 431 

the level of virus-specific humoral immunity. This hypothesis is consistent with 432 
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previous publications demonstrating that the magnitude of the humoral response 433 

toward SARS-CoV-2 is dependent on the duration and magnitude of viral antigen 434 

exposure.33,34 Low antigen exposure will elicit mucosal IgA-mediated responses, 435 

which can be accompanied by systemic IgA production; however, systemic virus-436 

specific IgA responses can also be absent, transient or delayed. This type of "mucosal 437 

IgA" antibody response seemed to be particularly prevalent in younger individuals 438 

with mild SARS-CoV-2 infection without evidence of pneumonia. These projected 439 

longitudinal relationships from cross-sectional evaluations need confirmation in 440 

longitudinal studies. Notably, of our two longitudinal subjects, patient COV2-A0014 441 

showed milder and shorter clinical symptoms and more rapid virus clearance, which 442 

was associated with transient S protein-specific IgA and delayed IgG production, but 443 

high titers of S protein-specific IgA in her nasal fluid. 444 

These data might be a reflection of increased mucosal immunity in the young or 445 

decreased mucosal immunity in the old.35 Along these lines, previous data on 446 

coronavirus seroprevalence of HKU1-specific IgG showed an absence of systemic 447 

HKU1-specific antibodies in individuals younger than 20 years of age, with 448 

increasing seroprevalence with increasing age.36 Extrapolating this model to comprise 449 

also children and infants, it is conceivable that children and infants have primed 450 

mucosal innate and IgA antibody responses due to their frequent upper respiratory 451 

tract infections and, therefore, respond preferentially in this manner to SARS-CoV-2 452 

infection. This hypothesis might also explain why children rarely present with 453 

symptomatic SARS-CoV-2 infection. Looking at the other end of the age sprectrum, 454 

previous studies have shown that kinetics and strength of antiviral immune responses, 455 

including T cell activation and proliferation, become slower with increasing age.37,38 456 

The elucidation of these questions and the confirmation of our findings will require 457 
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larger studies. However, due to the transient nature of S protein-specific antibody 458 

responses in oligosymptomatic patients, reliance on measurement of SARS-CoV-2-459 

specific serum IgA and IgG titers in asymptomatic patients might underestimate the 460 

percentage of individuals who have experienced this coronavirus infection and, thus, 461 

be deceiving when estimating the epidemic spread of SARS-CoV-2. Our data suggest 462 

that, in addition to serum, measurement of SARS-CoV-2-specific mucosal IgA should 463 

be considered. 464 

With increased SARS-CoV-2-related clinical symptoms, and hence antigen exposure, 465 

we observed a "systemic IgA and IgG" type of antibody response, characterized by S 466 

protein-specific IgA that may be transient or delayed and the presence of S protein-467 

specific IgG. With even further increasing clinical severity, we found high to very 468 

high serum IgA and high IgG responses in severe cases and ARDS. Thus, our findings 469 

suggest four grades of antibody responses dependent on COVID-19 severity with (i) 470 

oligosymptomatic disease and mucosal antibody responses in the absence of systemic 471 

antibody production, (ii) mild-to-moderate disease and transient or delayed systemic 472 

IgA and IgG production, (iii) severe cases with high serum IgA and high IgG 473 

responses, and (iv) very severe cases, including severe ARDS, with very high serum 474 

IgA and high IgG titers. 475 

Whether these S protein-specific antibody responses confer immunity to a secondary 476 

infection with SARS-CoV-2 is a matter of intense debate. Previous publications 477 

indicated that S protein-specific serum IgG antibodies correlated with virus 478 

neutralization in vitro,16,17,39 although some publications questioned the efficacy of 479 

neutralization by these antibody responses.25 Our neutralization data showed a 480 

correlation between SARS-CoV-2 neutralizing activity and detectable S protein-481 

specific IgA and IgG, in both serum and mucosal fluids, suggesting that the observed 482 
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humoral responses could be protective. Based on correlative data from the SARS-483 

CoV outbreak and preclinical SARS-CoV infection models,40 a contribution of the 484 

humoral immune response to immune pathology has been discussed,41,42 potentially 485 

by augmenting proinflammatory monocytes in the lungs. However, trials with 486 

convalescent serum treatments have shown promising results during the current 487 

COVID-19 pandemic and also in SARS-CoV.43 Another caveat relates to the 488 

durability of protective humoral immunity. Whether S protein-specific mucosal IgA 489 

responses confer immunity to a secondary infection with SARS-CoV-2 remains to be 490 

seen. We are currently characterizing the cellular immune responses to SARS-CoV-2 491 

and following up our patient cohort longitudinally to address these important 492 

issues.44,45 493 

494 
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  668 

Table 1. Demographic and clinical characteristics of the patient cohort.  

Patients were divided into mild versus severe COVID-19 cases. Disease severity was defined 

according to the WHO classification14. Categorical values between mild and severe COVID-19 cases 
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  669 

were compared using Fisher’s exact test and continuous variables were compared using non-

parametric Wilcoxon test. 

 
Mild cases 

(n = 26) 

Severe cases 

(n = 38) 

Total 

(n = 64) 
P value 

Median age (median (IQRa) [yrs]) 46.0 (31.50 - 48.50) 67.5 (59.0-79.0) 59.5 (42.75-75.25) <0.0001 

Gender (m/f) 11/15 24/14 35/29 0.1282 

COVID-19 disease severity sampling 

Mild illness– no. (%) 17 (65.4) - 17 (26.6) - 

Mild pneumonia – no. (%) 9 (34.6) - 9 (14.1) - 

Severe pneumonia – no. (%) - 20 (52.6) 20 (31.3) - 

Mild ARDS – no. (%) - 7 (18.4) 7 (10.9) - 

Moderate ARDS – no. (%) - 7 (18.4) 7 (10.9) - 

Severe ARDS – no. (%) - 4 (10.5) 4 (6.3) - 

Level of care at blood sampling timepoint 

Outpatient – no. (%) 14 (53.8) - 14 (21.9) <0.0001 

Hospitalized – no. (%) 12 (46.2) 38 (100) 50 (78.1) <0.0001 

Comorbidities 

Hypertension – no. (%) 6 (23.1) 22 (57.9) 28 (43.8) 0.0098 

Diabetes – no. (%) 4 (15.4) 12 (31.6) 16 (25) 0.2393 

Heart disease – no. (%) 2 (7.7) 17 (44.7) 19 (29.7) 0.0018 

Cerebrovascular disease – no. (%) 1 (3.8) 4 (10.5) 5 (7.8) 0.6404 

Lung disease – no. (%) 3 (11.5) 6 (15.8) 9 (14.1) 0.7275 

Kidney disease – no. (%) 6 (23.1) 10 (26.3) 16 (25) >0.9999 

Malignancy – no. (%) - 4 (10.5) 4 (6.3) 0.1397 

Systemic Immunosuppression – no. (%) 2 (7.7) 4 (10.5) 6 (9.4) >0.9999 

Immunosuppression 

Glucocorticoids – no. (%) 2 (7.7) 4 (10.5) 6 (9.4) >0.9999 

Mycophenolate Mofetil – no. (%) 1 (3.8) - 1 (1.6) 0.4062 

Calcineurin Inhibitors – no. (%) 1 (3.8) 1 (2.6) 2 (3.1) >0.9999 

Azathioprin – no. (%) 1 (3.8) 2 (5.3) 3 (4.7) >0.9999 

Leflunomide – no. (%) 1 (3.8) - 1 (1.6) 0.4062 

Mesalazine – no. (%) 1 (3.8) - 1 (1.6) 0.4062 
a IQR denotes the interquartile range 
b COVID-19 severity at sampling according to WHO guidelines14 
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Table 2. Linear models for prediction of IgA and IgG serum titers. 

(A–B) Multiple linear model of S1 protein-specific IgA serum titers (A; 

logarithmized) and IgG serum titers (B; logarithmized) as a function of disease 

severity (mild versus severe), days since onset of symptoms, patient age, 

presence of comorbidities (hypertension, diabetes mellitus, heart disease, 

cerebrovascular disease, lung disease, kidney disease, and malignancy), and 

immunosuppressive treatment (n = 64). 

SARS-CoV-2-specific IgA serum titers Coefficient 95% - Confidence 
Interval P value 

Intercept -0.90 -1.92 to 0.12 0.083 

Severe disease 1.35 0.74 to 1.96 < 0.0001 

Days 0.053 0.03 to 0.08 < 0.0001   

Age 0.011 -0.01 to 0.03 0.31 

Hypertension 0.27 -0.48 to 1.02 0.47 

Diabetes -0.23 -0.89 to 0.42 0.48 

Heart Disease -0.18 -0.87 to 0.52 0.61 

Lung disease -0.18 -0.95 to 0.59 0.63 

Malignancy -1.77 -2.87 to -0.67 0.002 

Cerebrovascular disease 0.24 -0.81 to 1.30 0.64 

Kidney disease -0.17 -0.88 to 0.53 0.63 

Immunosuppression -0.44 -1.46 to 0.57 0.39 

SARS-CoV-2-specific IgG serum titers Coefficient 95% - Confidence 
Interval P value 

Intercept -1.66 -2.81 to -0.51 0.005 

Severe disease 1.42 0.73 to 2.11 0.0001 

Days 0.07 0.04 to 0.10 < 0.0001 

Age 0.0012 -0.02 to 0.03 0.92 

Hypertension 0.41 -0.43 to 1.26 0.33 

Diabetes -0.19 -0.92 to 0.55 0.62 

Heart Disease -0.13 -0.91 to 0.65 0.73 

Lung disease -0.31 -1.18 to 0.55 0.47 

Malignancy -0.89 -2.13 to 0.34 0.15 

Cerebrovascular disease -0.44 -1.63 to 0.75 0.46 

Kidney disease 0.21 -0.58 to 1.01 0.59 

Immunosuppression -0.76 -1.90 to 0.39 0.19 
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 671 

  672 

Table 3. Demographic and clinical characterstics of healthcare worker cohort. 

(A) Healthcare worker cohort (HCW cohort) included in the S protein-specific IgA and IgG serology 

study.  

(B) Healthcare worker subgroup (HCW mucosal subgroup) assessed in the S protein-specific IgA and 

IgG mucosal fluid study. Categorical values were compared using Fisher’s exact test or Chi-square if 

more than two groups were being compared. Continuous variables were compared using Kruskal-

Wallis test. 

 

A 
HCW Cohort 
Characteristics 

Asymptomatic/PCR- 
(n = 17) 

Symptomatic/PCR- 
(n = 71) 

Symptomatic/PCR+ 
(n = 21) 

Total 
(n = 109) P value 

Median age (median (IQRa) [yrs]) 39 (34 - 44) 36 (30 - 41) 38 (30 - 48) 36 (30 - 43) 0.4156 

Gender (m/f) 6/11 16/55 3/18 25/84 0.3066 

a IQR denotes the interquartile range 

B 
HCW Mucosal Subgroup 
Characteristics 

Asymptomatic/PCR- 
(n = 9) 

Symptomatic/PCR- 
(n = 13) 

Symptomatic/PCR+ 
(n = 11) 

Total 
(n = 33) P value 

Median age (median (IQRa) [yrs]) 38 (36-44) 40 (32-49) 38 (30-42) 39 (31-43) 0.8 

Gender (m/f) 4/5 6/7 3/8 13/20 0.5999 

Reported symptoms 

Fatigue – no. (%) - 6 (46.2) 7 (63.6) 13 (39.4) 0.4442 

Body temperature > 38.0°C – no. (%) - 4 (30.8) 1 (9.1) 5 (15.2) 0.3271 

Feeling feverish – no. (%) - 6 (46.2) 4 (36.4) 10 (30.3) 0.6968 

Chills – no. (%) - 1 (7.7) 2 (18.2) 3 (9.1) 0.5761 

Shivering – no. (%) - 3 (23.1) 4 (36.4) 7 (21.2) 0.6591 

Body aches – no. (%) - 8 (61.5) 8 (72.7) 16 (48.5) 0.6792 

Back pain – no. (%) - 5 (38.5) 4 (36.4) 9 (27.3) >0.999 

Cough – no. (%) - 5 (38.5) 6 (54.5) 11 (33.3) 0.6824 

Dyspnea – no. (%) - 2 (15.4) 4 (36.4) 6 (18.2) 0.3572 

Pleuritis – no. (%) - 3 (23.1) 4 (36.4) 7 (21.2) 0.6591 

Sore throat – no. (%) - 11 (84.6) 6 (54.5) 17 (51.5) 0.1819 

Coryza – no. (%) - 7 (53.8) 6 (54.5) 13 (39.4) >0.999 

Hoarseness – no. (%) - 5 (38.5) 4 (36.4) 9 (27.3) >0.999 

Anosmia/Dysosmia – no. (%) - 2 (15.4) 8 (72.7) 10 (30.3) 0.0111 

Diarrhea – no. (%) - 5 (38.5) 2 (18.2) 7 (21.2) 0.3864 

Nausea – no. (%) - 3 (23.1) 3 (27.3) 6 (18.2) >0.999 

Conjunctivitis – no. (%) - 2 (15.4) - 2 (6.1) 0.4819 

a IQR denotes the interquartile range 
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Figure legends 673 

Figure 1. Influence of COVID-19 severity, disease duration, and patient age on 674 

SARS-CoV-2-specific serum IgA and IgG titers. (A) Comparison of SARS-CoV-2 675 

spike (S) protein subunit S1-specific serum IgA and IgG titers (optical density [OD] 676 

ratio) in mild (n = 26) versus severe COVID-19 cases (n = 38). Average time between 677 

reported symptom onset and sample collection was 13.5 (median 9 days) in mild and 678 

20.2 (median 15.5 days) days in severe cases. (B) Generalized additive modeling of 679 

S1-specific IgA and IgG serum titers as a function of days between reported symptom 680 

onset and sample collection in mild (n = 26) versus severe COVID-19 cases (n = 38). 681 

Dashed lines indicate borders between positive and borderline/negative serum values 682 

of S1-specific IgA (top) and IgG (bottom). (C) Linear modeling of S1-specific IgA 683 

and IgG serum titers as a function of patient age in mild (n = 26) versus severe cases 684 

(n = 38). P values and adjusted R2 (R2adj) of linear and generalized additive models 685 

were computed with logarithmized IgA/IgG titers. 686 
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Figure 2. S protein-specific serum antibodies compared to level of care and 688 

disease severity. (A) Level of patient care at time of blood sampling, visualized in the 689 

generalized additive models of S1-specific IgA and IgG serum titers as a function of 690 

days between sampling and reported symptom onset in mild cases (n = 26). Severe 691 

cases were all hospitalized and are thus not depicted. (B) Disease severity at time of 692 

blood sampling, visualized in the generalized additive models of S1-specific IgA and 693 

IgG serum titers as a function of days between sampling and reported symptom onset. 694 

Comparison of mild (n = 26) versus severe cases (n = 38). 695 
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Figure 3. Longitudinal study of two mild cases of COVID-19. (A) Time of 697 

reporting of indicated symptoms in two mild COVID-19 patients, including a 42-year 698 

old male (COV2-A0013; left panels) and a 42-year old female (COV2-A0014; right 699 

panels). (B) Cycle threshold (Ct) values of SARS-CoV-2 quantitative reverse-700 

transcriptase polymerase chain reaction (RT-qPCR) assay performed on 701 

nasopharyngeal swabs. (C) S1-specific IgA and IgG serum titers analyzed on different 702 

days after symptom onset. Data are shown on a longitudinal axis. Dashed lines 703 

indicate cut-offs for positive, borderline and negative serum values of S1-specific IgA 704 

(top) and IgG (bottom), with the gray shaded area highlighting the borderline values. 705 
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Figure 4. Flow chart showing characterization of healthcare worker cohort. (A) 707 

We grouped our healthcare worker (HCW) cohort (n = 109) as follows: (i) 708 

asymptomatic, PCR negative (Asymp/PCR- n = 17) reporting exposure (see Methods) 709 

to a COVID-19 patient 11–24 days prior to sampling; (ii) symptomatic, PCR negative 710 

(Symp/PCR-; n = 71); and (iii) symptomatic, PCR positive (Symp/PCR+; n = 21). All 711 

HCWs were analyzed for SARS-CoV-2 S1-specific serum IgA and IgG values. In a 712 

subgroup (termed HCW mucosal subgroup), tears, nasal fluid, saliva, and serum were 713 

collected simultaneously. Self-reported symptoms were recorded of each participant 714 

of the HCW mucosal subgroup. The 33 HCWs of the HCW mucosal subgroup were 715 

grouped the same way as the HCW cohort: (i) Asymp/PCR- (n = 9); (ii) Symp/PCR- 716 

(n = 13), sampled on average 26.5 days after symptom onset; and (iii) Symp/PCR+ (n 717 

= 11), sampled on average 26.5 days after symptom onset. 718 
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Figure 5. Analysis of SARS-CoV-2 S protein-specific IgA and IgG responses in 720 

serum and mucosal fluids. 721 

(A) S protein-specific IgA (top) and IgG (bottom) serum titers in HCW cohort (n = 722 

109). Dashed lines indicate borders between positive (red), borderline (gray) and 723 

negative (blue) values, with gray shaded area showing borderline values. (B–C) S 724 

protein-specific IgA (top) and IgG (bottom) serum (B) and nasal fluid (C) titers of 725 

Symp/PCR+ individuals (n = 11) in HCW mucosal subgroup. Comparison of HCWs 726 

with negative, borderline, and positive values. (D–F) S protein-specific IgA (top) and 727 

IgG (bottom) titers in nasal fluid, including S1-specific (D), SARS-CoV-2 S protein 728 

extracellular domain (ECD)-specific (E), and S1 protein receptor-binding domain 729 

(RBD)-specific IgA and IgG (F) of S1 protein-seronegative individuals in HCW 730 

mucosal subgroup. Comparison of Asymp/PCR-, Symp/PCR- and Symp/PCR+ 731 

HCWs. HCWs with negative S protein-specific IgA serum values are labeled 732 

individually. (G–I) S protein-specific IgA (top) and IgG (bottom) titers in tear fluid, 733 

including S1-specific (G), ECD-specific (H), and RBD-specific IgA and IgG (I) of S1 734 

protein-seronegative individuals in HCW mucosal subgroup. (J–L) Linear modeling 735 

of S1 protein-specific IgA titers in serum (J), nasal fluids (K), and total IgA in nasal 736 

fluids (L), as a function of age in S1 protein-seronegative individuals of HCW 737 

mucosal subgroup. 738 
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Figure E1. S protein-specific serum IgA and IgG val ues compared to sampling timepoint, 

disease severity, patient age, and sex.   

(A) Comparison of days between reported symptom onset and sample collection in mild (n = 26) 

versus severe COVID-19 cases (n = 38). (B) Visualization of age distribution in the generalized 

additive models of S1 protein-specific IgA and IgG serum titers as function of days between reported 

symptom onset and sample collection. Comparison of mild (n = 26) versus severe cases (n = 38). (C–

D) Comparison of S1 protein-specific serum IgA (C) and IgG (D) titers in male (n = 35) versus female 

(n = 29) COVID-19 patients. Average days between reported symptom onset and sample collection 

were 17 (median 13) in male and 18 (median 14) days in female patients. 
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Figure E2. Distribution of disease severity and age  of COVID-19 patients.   

Comparison in all COVID-19 cases (n = 64) of patient age distribution to COVID-19 severity at time of 

sample collection, ranging from mild COVID-19 to severe ARDS, as defined by the WHO classification 

criteria14. P-value was computed using Kruskal-Wallis test. 
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Figure E3. S protein-specific serum IgA and IgG val ues compared to severity of symptoms of 

COVID-19 patients.   

(A–B ) Comparison of S1 protein-specific serum IgA (A) and IgG (B) titers with disease severity in our 

COVID-19 patient cohort (n = 64), ranging from mild COVID-19 to severe ARDS, as defined by the 

WHO classification criteria14. Data are shown as boxplots. Each dot represents an independent and 

unrelated donor. The significance of between-group differencies was explored by using Kruskal-Wallis 

test. 
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Figure E4. Longitudinal measurement of S protein-sp ecific serum IgA and IgG values in 

asymptomatic controls and severe cases of COVID-19.   

(A–B ) S1 protein-specific serum IgA (top) and IgG (bottom) titers in asymptomatic donors (A; n = 4) 

and severe cases of COVID-19 (B; n = 3). The connected dots represent sequential measurements of 

the same individual. 
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Figure E5. Titration of nasal fluids to detect S pr otein-specific IgA and IgG.   

Measurement of S1 protein-specific IgA (top) and IgG (bottom) using different dilutions of nasal fluids 

in a subset of the HCW mucosal subgroup (n = 15). 
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Figure E6. Comparison of immunoassays to measure S protein-specific IgA and IgG in 

samples of serum, tears, nasal fluid, and saliva.   

Comparison of optical density (OD) ratios of IgA (top) and IgG (bottom) obtained with a commercial 

enzyme-linked immunosorbent assay specific for the S1 protein of SARS-CoV-2 (x-axes) and the 

inflection point of the sigmoidal curve (-log(EC50); y-axes), the latter determined by measuring IgA 

(top) and IgG (bottom) against SARS-CoV-2 S protein extracellular domain (ECD) and SARS-CoV-2 

S1 protein receptor-binding domain (RBD) in serial dilutions using an in-house immunoassay (see 

Methods). S protein-specific IgA (top) and IgG (bottom) were measured in serum, tear fluid, nasal 

fluid, and saliva of the healthcare worker mucosal subgroup (HCW mucosal subgroup). Data are 

shown as scatterplots. Each dot represents an independent and unrelated donor. Spearman’s 

correlation coefficient (Rho) is shown with the corresponding p value. 
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Figure E7. Analysis of total IgA and IgG serum tite rs in HCW mucosal subgroup.   

Total IgA (top) and IgG (bottom) titers in serum, tear fluid, nasal fluid, and saliva were assessed in 

individuals of the HCW mucosal subgroup that tested negative for S1 protein-specific serum IgA (top) 

and IgG (bottom). Comparison of Asymp/PCR-, Symp/PCR- and Symp/PCR+ HCWs is shown. Four 

PCR-negative healthcare workers with negative S protein-specific IgA values in serum, but increased 

S protein-specific IgA titers in nasal fluids, are labeled with their corresponding study code. The 

significance of between-group differences was explored by using Wilcoxon test. 
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Figure E8. SARS-CoV-2 neutralization in nasal and t ear fluids of individuals testing negative 

for SARS-CoV-2-specific antibodies in serum.   

(A) Representative photographs of SARS-CoV-2-infected VeroE6 cells, showing either absent, partial 

or full neutralization of SARS-CoV-2 in the presence or absence of patient serum. (B) Shown are 

proportions of full (red), partial (orange), and absent (blue) neutralizing ability of serum (n = 20), nasal 

fluid (n = 26), and tear fluid samples (n = 7) obtained from the HCW subgroup with either positive to 

borderline (top row) or negative (bottom row) S1 protein-specific IgA and IgG titers in serum. 
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Figure E9. Mucosal S protein-specific IgA and IgG i n two mild COVID-19 cases.   

Shown are S1 protein-specific IgA and IgG titers in nasal fluids of patients COV2-A0013 and COV2-

A0014 (see Figure 3) on day 25. 
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