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Article’s main point: The levels of neutralizing antibodies (NtAb) against the SARS-38 

CoV-2 spike protein and IgGs targeting its receptor binding domain were comparable at 39 

different time points after the onset of COVID-19 between patients admitted to ICU or 40 

the pneumology ward. Weak or very weak correlations were found between serum 41 

levels of these antibody responses and those of several biomarkers such as CRP, ferritin, 42 

LDH, Dimer-D, or IL-6, known to behave as surrogates for COVID-19 severity.    43 

 44 

 45 
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ABSTRACT 48 

Background: The involvement of SARS-CoV-2 antibodies in mediating 49 

immunopathogenetic events in COVID-19 patients has been suggested. By using 50 

several experimental approaches, we investigated the potential association between 51 

SARS-CoV-2 IgGs recognizing the spike (S) protein receptor-binding domain (RBD), 52 

neutralizing antibodies (NtAb) targeting S, and COVID-19 severity.  53 

Patients and Methods: This unicenter, retrospective, observational study included 51 54 

hospitalized patients (24 at the intensive care unit; ICU). A total of 93 sera from these 55 

patients collected at different time points from the onset of symptoms were analyzed. 56 

SARS-CoV-2 RBD IgGs were quantitated by ELISA and NtAb50 titers were measured 57 

in a GFP reporter-based pseudotyped virus platform. Demographic and clinical data, 58 

complete blood counts, as well as serum levels of ferritin, Dimer-D, C reactive protein 59 

(CRP), lactose dehydrogenase (LDH), and interleukin-6 (IL-6) were retrieved from 60 

clinical charts. 61 

Results: The overall correlation between levels of both antibody measurements was 62 

good (Rho=0.79; P=0<0.001). SARS-CoV-2 RBD IgG and NtAb50 levels in sera 63 

collected up to day 30 after the onset of symptoms were comparable between ICU and 64 

non-ICU patients (P=>0.1). The percentage of patients who exhibited high NtAb50 titers 65 

(≥160) was similar (P=0.20) in ICU (79%) and non-ICU (60%) patients. Four ICU 66 

patients died; two of these achieved NtAb50 titers ≥1/160 while the other two exhibited a 67 

1/80 titer. Very weak (Rho=>0.0-<0.2) or weak (Rho=>0.2-<0.4) correlations were 68 

observed between anti-RBD IgGs, NtAb50, and serum levels pro-inflammatory 69 

biomarkers. 70 
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Conclusions: The data presented herein do not support an association between SARS-71 

CoV-2 RBD IgG or NtAb50 levels and COVID-19 severity.  72 

INTRODUCTION 73 

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome 74 

coronavirus 2 (SARS-CoV-2), emerged in late 2019 and has been declared a pandemic 75 

[1]. Clinical presentation of COVID-19 varies widely, ranging from asymptomatic to 76 

mild or severe forms [2,3]. Worse clinical outcomes are related to an imbalanced 77 

immune response skewed toward a Th1 pro-inflammatory profile, which leads to the 78 

uncontrolled release of cytokines and chemokines, such as interleukin-6 (IL-6), that 79 

mediates progression into acute respiratory distress syndrome, multiorgan failure, and 80 

death [4,5].  81 

Adaptive humoral immunity is thought to protect from acquiring SARS-CoV-2 82 

infection, of which neutralizing antibodies (NtAb) seemingly play a major role [6]. 83 

Although epitopes mapping within all SARS-CoV-2 structural proteins have been 84 

shown to elicit NtAb, the receptor-binding domain (RBD) of the viral spike protein (S) 85 

is immunodominant and a highly specific target of most potent NtAbs in COVID-19 86 

patients [6-9]. The involvement of functional antibodies in SARS-CoV-2 clearance and 87 

modulation of COVID-19 severity remains to be precisely defined [10]. Data obtained 88 

in experimental models indicated that adoptive transfer of neutralizing monoclonal 89 

antibodies reduces viral burden in the lung, ameliorates local inflammation and 90 

decreases mortality [7,11,12]. Moreover, passive immunization of critically ill COVID-91 

19 patients with plasma from individuals who had recovered from SARS-CoV-2 92 

infection and seroconverted was associated with improved clinical outcomes in 93 

uncontrolled case series [13,14]. Yet, the possibility that antibodies could potentially 94 

trigger immunopathogenic events in SARS-CoV-2-infected patients or enhance 95 
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infection is a major concern [6,15,16]. In this context, higher antibody titers, either 96 

neutralizing or not, have been reported to be present in patients developing severe forms 97 

of COVID-19 when compared to mildly symptomatic individuals who did not require 98 

hospitalization [17-23].  Here, we aimed to explore the potential relationship between 99 

the magnitude of SARS-CoV-2 antibodies binding to RBD and NtAb targeting the S  100 

protein with the severity of COVID-19 in a cohort of hospitalized patients.  101 

PATIENTS AND METHODS 102 

COVID-19 patients  103 

In this unicenter, retrospective observational study, 51 non-consecutive patients with 104 

laboratory-confirmed SARS-CoV-2 infection by RT-PCR, admitted to Hospital Clínico 105 

Universitario of Valencia between March 5 to April 30, 2020, were included. The 106 

availability of leftover cryopreserved sera for the experiments detailed below was the 107 

only inclusion criterium. Out of the 51 patients in this series, 27 were hospitalized in the 108 

pneumology ward and 24 in the intensive care unit (ICU), of whom 16 underwent 109 

mechanical ventilation and 4 eventually died. Patients were hospitalized within 24 h 110 

after seeking medical attention at the emergency service. All patients presented with 111 

pneumonia and imaging/laboratory findings compatible with COVID-19 [2,3]. Patients 112 

admitted to ICU had severe respiratory compromise, defined by failure to maintain an 113 

arterial oxygen saturation of >90% despite receiving supplemental oxygen at 50%, 114 

and/or a respiratory rate greater than 35 breaths per minute. Medical history and 115 

laboratory data were retrospectively reviewed. The study period for each patient 116 

comprised the time from hospitalization to discharge or death. The current study was 117 

approved by the Research Ethics Committee of Hospital Clínico Universitario 118 

INCLIVA (March, 2020).   119 
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Patient Samples 120 

A total of 93 sera from 51 patients with COVID-19 were included for the analyses 121 

detailed below. Forty-seven sera were obtained within the first two weeks after the onset 122 

of symptoms, 32 between the third and the forth weeks and 14 afterwards (between days 123 

31 and 45). Sequential specimens were available from 20 out of the 51 patients (median 124 

3 specimens/patients; range 2 to 6), 17 of whom were in ICU. Sera from 51 individuals 125 

collected prior to the epidemic outbreak (within years 2018 and 2019) served as controls 126 

in the SARS-CoV-2 RBD IgG immunoassay and the SARS-CoV-2 neutralizing 127 

antibody assays described below. Nine patients had tested positive for Coronavirus 128 

229E by the xTAG Respiratory Viral Panel (Luminex Corporation, Austin, Tx, USA).  129 

SARS-CoV2-2 RT-PCR 130 

Nasopharyngeal or oropharyngeal specimens were obtained with flocked swabs in 131 

universal transport medium (Beckton Dickinson, Sparks, MD, USA, or Copan 132 

Diagnostics, Murrieta, CA, USA) and conserved at 4 °C until processed (within 6 133 

hours). Undiluted tracheal aspirate samples obtained from mechanically ventilated 134 

patients were also processed when available. Commercially-available RT-PCR kits were 135 

used for SARS-CoV-2 RNA testing, as previously detailed [24].  136 

SARS-CoV-2 RBD IgG immunoassay  137 

An enzyme-linked immunosorbent assay (ELISA) was used to quantitate IgG antibodies 138 

binding to SARS-CoV-2 RBD [25]. A detailed description of the assay can be found in 139 

Supplementary Methods. Briefly, SARS-CoV-2 RBD was produced in Sf9 insect cells 140 

infected with recombinant baculoviruses (Invitrogen, CA, USA). Following 141 

purification, the protein was concentrated to 5 mg/mL by ultrafiltration. Ninety-six well 142 

microplates were coated with RBD at 1 μg/mL. Serum samples were diluted 1:500 in 143 
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phosphate-buffered saline-Tween (PBS-T) containing 1% bovine serum albumin and 144 

run in triplicate (mean values are reported). The plates were incubated with 1:5,000 145 

dilution of horseradish peroxidase (HRP)-conjugated goat anti-human IgG (Jackson 146 

Laboratories). After three washes with PBS-T, the binding was detected using 147 

SigmaFast OPD reagent (Sigma) according to manufacturer’s recommendation. Color 148 

development was stopped with 3M H2SO4 and read on a Multiskan FC (ThermoFischer 149 

Scientific) plate reader at 492 nm. Serial sera from individual patients were analyzed in 150 

the same run. The cut-off discriminating between positive and negative sera was set as 151 

the mean absorbance of control sera plus three times the standard deviation. SARS-152 

CoV-2 RBD IgG avidity index was calculated as the percentage of measured optical 153 

density (OD) in 6M urea-treated wells relative to that in the untreated wells: AI (%) = 154 

OD of urea-treated well × 100/OD of non-urea-treated well [26]. A positive-control 155 

(high avidity) specimen derived from a convalescent-phase serum from a COVID-19 156 

patient (AI, 84%) was included on each ELISA plate.  157 

SARS-CoV-2 neutralizing antibody assay  158 

A green fluorescent protein (GFP) reporter-based neutralization assay which used a 159 

non-replicative vesicular stomatitis virus pseudotyped with the SARS-CoV-2 spike 160 

protein (VSV-S) was optimized as previously described (see supplementary methods) 161 

[27-29]. Neutralization assays were performed on Vero cells. Sera were heat-inactivated 162 

for 30 minutes at 56°C then brought to an initial dilution of 1/10, followed by four 4-163 

fold dilutions in duplicate. Each dilution was mixed with an equal volume containing 164 

1,250 focus forming units of the VSV-S virus and incubated at 37ºC for 1 h. The 165 

mixture was then added to Vero cells in 96-well plates and incubated for 18 hours, after 166 

which GFP expression was measured using a live cell microscope system (IncuCyteS3,  167 

Sartorious). Background fluorescence from uninfected cells was subtracted from all 168 
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values, followed by standardization to the average GFP expression of mock-treated, 169 

infected cells. All sera which did not reduce viral replication by 50% at a 1/20 dilution 170 

were considered non-neutralizing and were arbitrarily assigned a value of 1/10. All sera 171 

that did not result in >70% recovery of GFP signal at the highest antibody dilution were 172 

retested using 5-fold dilutions ranging between 100 and 12,500-fold. Finally, the lowest 173 

antibody dilution resulting in >50% virus neutralization was used as the NtAb50 value. 174 

Here, we considered high NtAb50 titers those ≥1/160, as this is the minimum NtAb titer 175 

of plasma from COVID-19 convalescent individuals recommended by the FDA for 176 

therapeutic use [30].  177 

Laboratory measurements 178 

Clinical laboratory investigation included complete blood count and levels of ferritin, 179 

Dimer-D, C reactive protein (CRP), lactose dehydrogenase (LDH) and interleukin-6 180 

(IL-6) quantitated in sera that were later used for SARS-CoV-2 RBD IgGs and NtAb 181 

testing. 182 

Statistical methods 183 

Frequency comparisons for categorical variables were carried out using the Fisher exact 184 

test. Differences between medians were compared using the Mann–Whitney U-test. 185 

Spearman’s rank test was used to assess the correlation between continuous variables 186 

using the entire dataset (i.e. individuals with single and repeated measurements). 187 

Receiver operating characteristic (ROC) curve analysis was performed to identify the 188 

optimal SARS-CoV-2 RBD IgG level predicting NtAb titers above a certain threshold. 189 

Two-sided exact P-values are reported. A P-value <0.05 was considered statistically 190 

significant. The analyses were performed using SPSS version 20.0 (SPSS, Chicago, IL, 191 

USA).  192 
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RESULTS 193 

Clinical characteristics of COVID-19 patients 194 

Patients hospitalized in the pneumology ward (n=27) and ICU (n=24) were matched for 195 

sex and age, the presence of co-morbidities and the time elapsed from the day of onset 196 

of symptoms to first serum sample collection (Table 1). As expected, ICU patients were 197 

hospitalized for longer periods. Median serum levels of several pro-inflammatory 198 

biomarkers, such as LDH, dimer-D and IL-6, were significantly higher in ICU patients 199 

than in non-ICU patients, further confirming their association with COVID-19 severity 200 

[2-5]. In contrast, the median total lymphocyte counts did not differ across comparison 201 

groups (Table 1).  202 

Correlation between SARS-CoV-2 RBD IgG levels and neutralizing antibody titers 203 

 We first aimed to determine whether SARS-CoV-2 RBD IgGs quantified by ELISA 204 

could be used as a proxy for NtAb50 titers, as measured in a reporter-based SARS-CoV-205 

2 spike protein pseudotyped VSV neutralization platform. As shown in Figure 1, the 206 

overall correlation between levels of both antibody assays was fairly good (Rho=0.79; 207 

P<0.001). ROC analysis showed that SARS-CoV-2-RBD IgG levels ≥ 2.34 AU/ml 208 

predicted the presence of NtAb50 titers ≥160 with a sensitivity of 84% and a specificity 209 

of 95% (Supplementary Figure 1).  210 

Kinetics of SARS-CoV-2 RBD IgGs and neutralizing antibodies 211 

SARS-CoV-2 RBD IgGs and NtAb50 levels at different times after the onset of 212 

symptoms are shown in Figure 2. Overall, serum levels of both antibody tests were seen 213 

to increase significantly in parallel over time, although the median peak NtAb50 titer 214 

was reached earlier (between days 11-20) than that of RBD-specific IgGs (between days 215 

20-30). After peaking, NtAb50 levels remained stable through the end of the study 216 
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period, while RBD-specific IgGs decreased slightly afterwards. Sequential sera were 217 

available from 20 patients, most of whom (n=17) were at ICU. The kinetics profile from 218 

both antibody assays was found to vary widely across patients (Figure 3), some of 219 

whom exhibited increasing levels while others displayed either constant or fluctuating 220 

titers.  221 

SARS-CoV-2 RBD IgG avidity 222 

Avidity of SARS-CoV-2 IgGs in sera from COVID-19 patients was assessed by a 223 

conventional urea dissociation assay [26]. Overall, AIs were very low (median 5%; 224 

range 2-28%). Most sera (40 out of 51) displayed AI ≤10%. Analysis of sequential sera 225 

from 20 patients revealed that SARS-CoV-2 IgG AI slightly increased over time (Figure 226 

4). SARS-CoV-2 RBD IgG AI did not correlate with NtAb50 titers (Rho=0.07; P=0.56)  227 

SARS-CoV-2 antibodies and COVID-19 severity 228 

We next compared SARS-CoV-2 RBD IgG and NtAb50 levels in ICU and non-ICU 229 

patients in sera collected within the first 30 days after the onset of symptoms. We did 230 

not notice a significant difference in the magnitude of either antibody response across 231 

groups (Figure 5). Comparison between groups at later times was not possible due to the 232 

scarce number of sera (n=1) available from non-ICU patients. The percentage of 233 

patients who reached NtAb50 titers ≥160 was comparable (P=0.20) in ICU (79%) and 234 

non-ICU (60%) patients. Of note, 4 ICU patients died, of which two achieved NtAb50 235 

titers ≥1/160 while the other two exhibited a 1/80 titer. 236 

SARS-CoV-2 antibody levels and biomarkers of COVID-19 prognosis 237 

Finally, we sought to determine whether the magnitude of SARS-CoV-2 RBD IgG and 238 

NtAb responses was related to an inflammatory state, as inferred from serum levels of 239 

CRP, ferritin, Dimer-D, LDH and IL-6. For this, we first performed correlation analyses 240 
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between these parameters. Very weak (Rho=>0.0-<0.2) or weak (Rho=>0.2-<0.4) 241 

correlations (either positive or negative) were found between SARS-CoV-2 RBD IgG 242 

levels or NtAb50 titers and all selected biomarkers when considering the entire data set 243 

(Figure 6) or when analyses were done separately for specimens collected at different 244 

time frames after the onset of symptoms (days 1-15 or days 15-30; not shown). 245 

Measurements from both antibody assays weakly correlated with total lymphocyte 246 

counts. As a complementary approach, we grouped sera into two categories (high 247 

NtAb50 titers: ≥1/160 and low NtAb50 titers: <1/160), and assessed whether median 248 

levels of the abovementioned parameters differed across groups. We found this not to be 249 

the case (Supplementary Figure 2).  250 

DISCUSSION 251 

Here, in addition to further characterizing the antibody response to SARS-CoV-2 in 252 

hospitalized COVID-19 patients, we mainly aimed to determine whether a relationship 253 

could be established between the magnitude of SARS-CoV-2 RBD IgG and NtAb levels 254 

and the “inflammatory state” of patients, which has been shown to directly correlate 255 

with COVID-19 severity and prognosis [2-5].  256 

We found that SARS-CoV-2 RBD IgG levels correlated fairly well with NtAb titers, as 257 

quantitated by a VSV reporter virus pseudotyped with SARS-CoV-2 S protein (VSV-S), 258 

thus lending support to the assumption that the former parameter is a reasonably reliable 259 

proxy for the latter. This was expected as RBD encompasses the most critical region of 260 

SARS-CoV-2 for ACE2 receptor binding [8,9]. Moreover, we could define a SARS-261 

CoV-2 RBD IgG threshold (≥ 2.34 AU/ml) predicting NtAb titers ≥1/160 with high 262 

sensitivity and specificity, this being the lowest titer of plasma recommended by FDA 263 

for passive transfer therapy [30].  264 
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Previous studies have reported a correlation between RBD IgG levels and NtAb titers in 265 

patients with comparable or less severe clinical presentations of COVID-19, using 266 

either live native SARS-CoV-2 virus, engineered SARS-CoV-2 pseudotype virus 267 

systems or replication-competent SARS-CoV-2 chimeric viruses [18,22,30-36]. The 268 

degree of correlation between these two antibody assays was found not to be optimal 269 

(Rho=0.79), as previously reported [18, 30-36], which is consistent with data showing 270 

that highly immunogenic epitopes within the S protein outside the RBD elicit potent 271 

NtAb responses [6,37]. 272 

The kinetics of SARS-CoV-2 RBD IgGs and NtAb followed a predictable course, as 273 

observed in previous publications [18,22,30-36], with antibody levels in both assays 274 

showing a consistent increase over time, and reaching a peak within the second and 275 

third week after the onset of symptoms for NtAb or slightly later for RBD-specific 276 

IgGs. Detection of NtAb at the early stages of COVID-19, irrespective of disease 277 

severity, has been previously reported [18,35]. By the end of the follow-up period more 278 

than two-thirds of patients in either ward had developed NtAb titers >1/160.  279 

An interesting observation was that SARS-CoV-2 RBD IgGs avidity was quite low 280 

(<10%) in most sera, which were collected up to 2 months following the onset of 281 

symptoms, and showed minimal increase over time. This antibody avidity maturation 282 

pattern is reminiscent of that observed during SARS [38]. Remarkably, no correlation 283 

was found between SARS-CoV-2 RBD IgG AIs and NtAb50 titers. This finding is in 284 

agreement with the idea that limited to no affinity maturation is required from the 285 

germline to achieve a potent NtAb response to RBD [39]. 286 

The alleged association between high SARS-CoV-2 antibody levels and COVID-19 287 

severity reported in a number of studies [17-22] is a matter of concern. If found to be 288 

the case, a plausible explanation for this observation may be that patients experiencing 289 
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severe forms of the disease are exposed to higher and more perdurable viral burdens 290 

[18]; this, however, would call into question the role of antibodies in contributing to 291 

SARS-CoV-2 clearance. Alternatively, it may simply represent an epiphenomenom in 292 

the setting of an overall exaggerated immune response driven by “cytokine storms”, or 293 

may constitute a relevant pathogenetic mechanism involved in lung tissue damage 294 

(antibody-dependent enhancement) [15].  295 

The data presented herein do not support the abovementioned association. In effect, we 296 

failed to find differences in SARS-CoV-2 RBD IgGs or SARS-CoV-2 NtAb50 levels 297 

within the first 30 days after the onset of symptoms between ICU and non-ICU patients 298 

who were matched for age, sex and co-morbidities. Furthermore, 2 out of the 4 ICU 299 

patients who died had relatively low NtAb50 titers (1/80). Liu and colleagues [19] 300 

showed that oxygen requirement in patients was independently associated with NtAb50 301 

levels, as measured by both a pseudotyped reporter virus or live SARS-CoV-2 302 

neutralization assay. Nevertheless, this finding should be interpreted with caution 303 

provided that only 8 ICU patients were recruited and these were much older than those 304 

in the non-ICU group. Wang et al. [18] also reported higher NtAb50 titers quantitated by 305 

a pseudotyped-virus based neutralization assay in severely ill patients as compared to 306 

mild COVID-19 patients. Interestingly, SARS-CoV-2 IgGs against S, S2, RBD and N 307 

were similar across groups. Unfortunately, no clinical characteristics of patients were 308 

reported other than the need for mechanical ventilation. Other studies including 309 

relatively small cohorts also pointed to an association of COVID-19 severity with 310 

SARS-CoV-2 NtAb [20,22,38]. In our view, comparison between studies addressing the 311 

abovementioned issue is rather problematic because of notable differences in clinical 312 

characteristics and therapeutic management of patients, categorization of severity, the 313 
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timing of serum collection, and methods employed for SARS-CoV-2 antibodies 314 

detection and quantitation.   315 

Disregulated synthesis and release of pro-inflammatory cytokines is thought to be a 316 

pathogenetic hallmark of most severe forms of COVID-19 [4-5]. Although the 317 

mechanisms of COVID-19–induced lung injury remain unclear, the so-called “cytokine 318 

storm” may likely play a critical role in the process of disease worsening and thus in 319 

COVID-19 prognosis [40]. Here, we investigated whether SARS-CoV-2 RBD IgG and 320 

NtAb50 levels correlate with serum concentrations of ferritin, Dimer-D, CRP, LDH and 321 

IL-6, which have been consistently shown to be markedly increased in patients with 322 

progressive disease and poor outcomes [4,5]. At most, we observed weak or very weak 323 

correlations between the antibody assays and these inflammatory biomarkers. 324 

Moreover, serum levels of the latter overlapped between patients with either high or low 325 

NtAb50 titers (≥1/160). Taken together, these data argue against a robust relationship 326 

between the magnitude of the antibody responses subjected to analysis herein and the 327 

state of inflammation in COVID-19 patients. To our knowledge, only one pre-print 328 

study used a similar approach to ours to address this issue [35], reporting a modest 329 

correlation (Rho=0.5) between NtAb50 titers and blood CRP levels. In addition, in 330 

contrast to what was observed here, a moderate negative correlation (Rho=-0.45) 331 

between NtAb50 titers and absolute lymphocyte counts was observed. As stated above, 332 

the comparison between the two studies is not straightforward.  333 

The current study has several limitations. First, its retrospective nature. Second, cohort 334 

size is relatively small in our study. Third, IL-6 data was only available from 18 patients 335 

(all but one at ICU); in addition, all these patients were treated with tocilizumab. Fourth, 336 

SARS-CoV-2 antibodies and inflammatory biomarkers levels were measured in the 337 

blood compartment, which may not necessarily mirror those in lung tissue. Fifth, serum 338 
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levels of other cytokines (i.e. TNF-α, or IL1-β) or chemokines (IFNγ-induced protein 339 

10) that may reflect more accurately the overall state of inflammation were not 340 

measured [4,5]. Sixth, the data reported in the current study may be interpreted as 341 

arguing against a role for neutralizing antibodies in mediating SARS-CoV-2 clearance, 342 

as found in other studies that show an association between SARS-CoV-2 antibody 343 

levels and COVID-19. This would certainly be oversimplistic and against data 344 

published in experimental models [11]. Seventh, epitope specificities of SARS-CoV-2 345 

antibodies other than for the S protein in the case of the neutralization assays or RBD in 346 

the case of the IgG tests were not assessed. In this sense, antibodies mediating 347 

immunopathogenetic events, especially through ADE, are more likely to behave as sub- 348 

or non-neutralizing and target epitopes outside RBD [4].  349 

In summary, the data presented herein do not support an association between SARS-350 

CoV-2 RBD IgG or NtAb50 levels and COVID-19 severity. Further, well-powered 351 

studies overcoming the abovementioned limitations are warranted to solve this question, 352 

which is of paramount relevance for vaccine design and for the safety of passive transfer 353 

therapies with plasma from convalescent COVID-19 individuals.  354 
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 495 

Figure Legends 496 

Figure 1. Correlation between SARS-CoV-2 RBD IgG levels quantitated by ELISA 497 

and NtAb50 titers measured by a reporter-based pseudotype (VSV-S) neutralization 498 

assay in sera from COVID-19 patients. Rho and P values are shown. 499 

Figure 2. SARS-CoV-2 RBD IgG levels (A) and NtAb50 titers (B) at different time 500 

points after the onset of symptoms in patients with COVID-19.  501 

Figure 3. Kinetics patterns of SARS-CoV-2 RBD IgGs (A,B,C) and NtAb (D,E,F) in 502 

20 COVID-19 patients (17 admitted to the intensive care unit). 503 

Figure 4. SARS-CoV-2 RBD IgG avidity indices (AIs) of serial sera from COVID-19 504 

patients collected at different times following the onset of symptoms. 505 
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Figure 5. SARS-CoV-2 RBD IgG levels (A) and NtAb50 titers (B) at different time 506 

points after the onset of symptoms in patients with COVID-19 either admitted to the 507 

intensive care unit or the pneumology ward.  P values for comparisons are shown.  508 

Figure 6. Correlation between SARS-CoV-2 RBD IgG levels and NtAb50 titers with 509 

serum levels of C-reactive protein (CRP), Dimer-D, ferritin, lactate dehydrogenase 510 

(LDH), interleukin-6 (IL-6)  and absolute lymphocyte counts. Rho and P values are 511 

shown.  512 

Supplementary Figure 1. ROC curve analysis for establishing the optimal SARS-CoV-513 

2 RBD IgG threshold level predicting the presence of high NtAb50 titers (≥1/160) in 514 

patients with COVID-19.  515 

Supplementary Figure 2.  Serum levels of C-reactive protein (CRP), Dimer-D, ferritin, 516 

lactate dehydrogenase (LDH), interleukin-6 (IL-6)  and absolute lymphocyte counts in 517 

COVID-19 patients with high (≥1/160) or low (<1/160) NtAb50 titers. P values for 518 

comparisons are shown. 519 
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TABLE 1. Demographic, clinical and laboratory characteristics of patients with COVID-

19 

Parameter 
All 

patients 

Patients 

hospitalized in the 

pneumology ward 

Patients 

hospitalized in the 

intensive care unit 

P 

value 

Sex: Male/Female; no. 

(%) 

32 (63)/ 

19 (37) 
14 (52)/ 13 (48) 18 (75)/ (6 (25) 0.15 

Age; median (range) 
53 (21-

77) 
58 (42-76) 65 (29-77) 0.07 

Days of hospitalization; 

median (range) 
17 (2-67) 9 (2-22) 

 

36 (8-67) 

 

<0.001 

Days from onset 

symptoms to first serum 

sample; median (range) 

12 (5-36) 11 (5-32) 13 (7-36) 0.33 

Co-morbidities; no. (%) 35 (69) 18 (67) 17 (71) 0.75 

Number of comorbidities; 

median (range) 
1 (0-5) 1 (0-3) 2 (0-5) 0.18 

Comorbidity; median (range) 

Arterial hypertension 23 (45) 11 (41) 12 (50) 0.58 

Chronic renal disease 2 (4) 0 2 (8) 0.22 

Diabetes mellitus 12 (24) 5 (19) 7 (29) 0.51 

Dyslipidemia 16 (31) 7 (26) 9 (38) 0.37 

Ischemic cardiovascular 

disease 
4 (8) 2 (7) 2 (8) 0.90 

Myocardial infarction 2 (4) 1 (4) 1 (4) 1.00 

Pulmonar diseasea 7 (14) 2 (7) 5 (21) 0.16 

Tumor 3 (6) 1 (4) 2 (8) 0.48 

Laboratory findingsb; 

median (range) 
    

CRP (in mg/l) 
44 (0.8-

273) 
70 (0.8-242) 24.80 (1.00-273) 0.24 

Ferritin (ng/ml) 
674 (2.5-

2986) 
565 (9.2-2779) 959 (2.50-2986) 0.17 

Dimer-D (ng/ml) 
903 (91-

5445) 
488 (91-1894) 1328 (489-5445) <0.001 
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LDH (U/l) 
666 (357-

1328) 
556 (357-825) 790 (518-1328) <0.001 

IL-6 (pg/ml)c 

1012 

(4.6-

5000) 

79 (4.6-124) 1277 (186-5000) 0.009 

Total lymphocyte count 

(*109/L) 

1.15 

(0.17-

3.98) 

1.13 (0.17-2.95) 1.31 (0.38-3.98) 0.17 

aIncluding asthma, atelectasis and chronic obstructive pulmonary disease. 
bThe median was calculated in patients with more than one sample. 

Normal values: 12-300 ng/ml for ferritin, <100 ng/ml for Dimer-D, and <10 mg/L for C-

reactive protein (CRP), 140-280 U/L Lactic acid dehydrogenase (LDH), 5-15pg/ml for IL-6, 

and 1-4.8 lymphocytes x109/L. 
cData available from 18 patients. 
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