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We determined the kinetics of anti—SARS-CoV-2 antibody response in fifteen hospitalized COVID-19
patients. Patients were divided into mild/moderate (mild, n = 1; moderate, n = 4) or severe (n = 10) and
virus-specific anti—Nucleocapsid IgM, anti—Spike IgG and anti—Spike IgA were measured in serial serum
samples collected 0 to 15 days after hospital admission. Surrogate neutralization assays were performed by
testing inhibition of ACE-2 binding to Spike. In 3 patients (2 severe and 1 moderate case), serum antibodies
and T-cell memory were monitored 6 months after baseline. Although IgM response tended to appear first,
patients affected by less severe disease were more prone to an early IgG/IgA response. Neutralization of
Spike binding to ACE2 correlated with anti—Spike IgG and IgA. IgG and IgA antibody response persisted at

the 6 months follow-up. A recall T-cell response to the Spike antigen was observed in 2 out of 3 patients, not

related to disease severity.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

The immune response against SARS-CoV-2 remains unclear and
many caveats in its knowledge are still present. A correlation of clinical
severity with high titres of SARS-CoV-2 antibodies, mainly immuno-
globulin (Ig)G, was shown (Zhao et al, 2020; Long et al, 2020;
Ma et al, 2020), and the importance of neutralizing humoral immunity
on disease progression has been shown (Garcia-Beltran et al., 2021).
Fewer studies assessed serum SARS-CoV-2 IgA; this Ig subclass becomes
detectable 4 to 6 days after symptom onset with a higher and more per-
sistent serum level than IgM (Padoan et al, 2020; Yu et al, 2020). IgA lev-
els seem significantly higher in severe than in mild/moderate SARS-
CoV-2 infections (Yu et al, 2020; Bartsch et al., 2021).

Early antibody responses appear to be correlated with disease
outcome (Atyeo et al., 2020). Timing of IgM and IgG seroconversion is
controversial, with serum IgM appearing before IgG or synchronously
(Zhao et al, 2019; Xiang et al, 2020), or even later (To et al., 2020;
Zhang et al., 2020). There is growing evidence of pre-existing
humoral and T-cell immunity caused by exposure to common cold
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coronaviruses (Ng et al.,, 2020; Sette and Crotty, 2020). Immunity to
SARS-CoV-2 is also related to T-cell responses (McMahan et al, 2021).
Patients who resolve infection have been shown to generate virus—-
specific T—cell responses (Sekine et al, 2020; Weiskopf et al, 2020). It
has been proposed that SARS-CoV-2 induces multifunctional memory
T cells which play a role in preventing recurrent episodes of severe
SARS-CoV-2 infections (Sekine et al, 2020; Grifoni et al, 2020).

The objective of the study was the characterization of the sero-
logic response to SARS-CoV-2 in patients hospitalized with confirmed
SARS-CoV-2 infection. We aimed at comparing the kinetics of IgM,
IgG, IgA, and virus neutralization activity in a group of patients
affected by mild/moderate or severe SARS-CoV-2 infection. Six
months after baseline, SARS-CoV-2 specific antibodies, and T-cell
responses were measured in a smaller number of individuals.

2. Material and methods
2.1. Clinical sample

Fifteen patients hospitalized with confirmed COVID-19 at the
Infectious Diseases division of Policlinico Umberto I Hospital, Rome,
Italy, were included in the study (Table 1). The study was approved
by local Ethic Committee and all participants have signed an
informed consent. At the hospital admission all patents were affected
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Table 1
Demographic and clinical characteristics of enrolled subjects.

Patient Nr. Sex  Age,years Comorbidities Days from symptoms Clinical severity =~ Oxygensupply = CTvalue CTvalue DaystoSARS-CoV-2 Length of
onset to hospital during hospital  E gene S gene negative NP swab hospital stay,
admission stay days

1 F 64 Al, DM 10 Mild None 329 322 9 19

2 M 48 NHL 2 Moderate VM 29.8 289 14 16

3 M 83 Al IHD 7 Moderate VM 28.2 27.1 17 35

4 M 42 DM 6 Moderate VM 326 342 13 19

5 M 58 Al 13 Moderate VM 321 31.0 12 19

6 M 62 None 6 Severe HFNC/CPAP 222 21.2 NA 27

7 M 78 Lung cancer 1 Severe HFNC/CPAP 149 14.8 NA 28

8 M 64 None 10 Severe HFNC/CPAP 238 232 25 28

9 F 60 Al 4 Severe HFNC/CPAP 203 19.3 17 21

10 M 69 None 3 Severe HFNC/CPAP 31.0 320 12 14

11 M 52 None 3 Severe HFNC/CPAP 23.6 229 25 30

12 M 78 Al 8 Severe HFNC/CPAP 35.7 322 15 47

13 M 66 None 5 Severe HFNC/CPAP 274 28.1 11 21

14 M 76 Al, COPD, HT 12 Severe HFNC/CPAP 269 26.1 25 38

15 F 63 None 7 Severe HFNC/CPAP 31.0 30.2 12 19

Al = arterial hypertension; NHL = non—hodgkin Lymphoma; COPD = chronic obstructive pulmonary disease; IHD = ischemic heart disease; DM = diabetes mellitus;
HT = hypothyroidism; HFNC = high flux nasal cannula; CPAP = continuous positive airway pressure; VM = venturi mask; NA = not-applicable (patients died).

by COVID-19 related pneumonia and, according to the PaO,/FiO, ratio
(partial oxygen pressure/oxygen flow), 10 patients were classified as
having a severe disease (PaO2/FiO2 < 250), 4 having a moderate dis-
ease (Pa02/Fi02 > 250) in need of oxygen supply, and 1 having mild
disease(Pa02/Fi02 > 250, no need of oxygen supply). Patients were
re-tested for SARS-CoV-2 RNA 6 days after hospital admission and
then every 2 days, until a negative nasopharingeal (NP) swab result
was obtained.

2.2. Serology

Serum samples were available at 3 different time-points: at hospi-
tal admission (T0), 5 to 10 days (T1), and 11 to 15 days (T2) after hos-
pital admission. Immediately after collection, sera were shipped to
the Department of Infectious Diseases, Istituto Superiore di Sanita
(ISS); 0.5 mL aliquots were prepared and stored at -80°C. Serology
testing was performed at ISS by personnel blinded to specimen classi-
fication within 1 month from serum collection.

ELISA assays were used to measure Anti—Nucleocapsid IgM (Dia-
Pro diagnostics Bioprobes, Sesto San Giovanni (MI), Italy), anti—Spike
IgG and anti—Spike IgA (both from Euroimmun, Liibeck, Germany),
according to manufacturers’ instructions. A surrogate neutralization
assay (GenScript, Leiden, The Netherlands) was used to detect the
virus neutralizing ability of patients’ sera. The assay detects and
measures neutralizing antibodies blocking the Spike RBD-ACE?2 inter-
action in vitro and was used according to manufacturer’s instructions.

2.3. T-cell response

Additional blood samples from patients #4, #11 and #15 were
collected 6 months after hospital discharge and humoral and T-cell
immune responses to SARS-CoV-2 assessed. Since the second wave of
Covid-19 cases hit the Policlinico Umbero I hospital at the end of Sep-
tember 2020, it was not possible to include in the 6-month follow-up
study other patients, due to safety concerns. Virus-specific T-cell
responses were measured by stimulating patients’ peripheral blood
mononuclear cells (PBMCs) with overlapping peptides covering the
immunodominant sequence domains of the Spike protein (Miltenyi,
Bergisch Gladbach, Germany). After overnight stimulation, cells were
incubated with Live/Dead fixable violet dead cell stain kit used to
exclude dead cells from the analyses (Thermo Fisher Scientific, Wal-
tham, MA). Cells were then fixed in paraformaldehyde 2%, permeabi-
lized using a solution containing saponine 0.5% and stained with a
predetermined optimal concentration of fluorochrome-conjugated
Abs: anti—CD3-Horizon-BV510, anti—IL-2-FITC, anti—TNFo PE-Cy7

(all from BD Biosciences, Franklin Lakes, NJ), anti—IL-4-APC, anti
—IFN-y-PerCP-Cy5.5 (both from Biolegend, San Diego, CA), anti
—CD8-PE (eBiosciences, Thermo Fisher Scientific). Cells were then
acquired by flow cytometry in a Gallios Flow Cytometer (Beckman
Coulter, Indianapolis, IN) and compensation matrices were calculated
with Kaluza Analysis software (Beckman Coulter).

3. Results
3.1. Clinical sample

Fifteen patients were included in the study (Table 1). Patients with
mild/moderate SARS-CoV-2 infection had a lower mean age (59.0 vs
66.8; P = 0.27) and higher median Ct values of PCR from NP samples
(gene E: 32.10 vs 25.35, P = 0.05; gene S: 31.00 vs 24.65, P = 0.058)
than those with severe infection. As expected, severely ill patients
required more days for a negative result of NP swab (median 16.0 vs
13.0; P=0.29).

3.2. Anti—SARS-CoV-2 IgM, IgG, IgA antibody responses

Serum samples were collected at hospital admission (T0), 5 to
10 days (T1), and 11 to 15 days (T2) after hospital admission. At TO, IgM
specific for the viral nucleocapsid protein were above the positivity
threshold in 9 patients (60.0 %). At T1, a positive [gM response was mea-
sured in 12 patients (80.0 %); at T2, 13 patients (86.7%) had a positive
IgM response. The IgM response showed a slightly higher median value
among severely affected patients at T1 and lower at T2 (Fig. 1).

Anti—Spike IgG at TO were above the positivity threshold in 5
patients (13.3%). At T1 a positive IgG response was measured in 13
patients (86.7%); at T2 14 patients (93.3%) had a positive IgG
response. When patients were classified according to disease sever-
ity, we found that at TO the median IgG response was higher in mild/
moderate patients, although this difference was not statistically sig-
nificant. IgG levels were higher among severely affected patients at
T2 (Fig. 1).

Anti—Spike IgA at TO were above the positivity threshold in 11 out
of 15 patients (73.3%). At T1 and T2 a positive IgA response was mea-
sured in all the patients. Higher IgA levels were found at TO in
patients with a mild/moderate disease (Fig. 1).
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Fig. 1. SARS-CoV-2 specific antibody response in mild/moderate and severe COVID-19 patients. Serologic anti—Nucleocapsid IgM, anti—Spike IgG, and anti—Spike IgA antibodies
were tested by enzyme-linked immunosorbent assay. Sera neutralization activity was assessed by surrogate virus neutralization test based on antibody-mediated blockage of
ACE2-Spike protein-protein interaction. Solid horizontal lines represent Mean. Dotted lines represent positivity thresholds. TO: hospital admission; T1: 5 to 10 days after hospital
admission; T2: 11 to 15 days after hospital admission; S/Co: Signal to Cut-off (S/Co) ratio.

3.3. SARS—CoV-2 neutralization correlates with IgG and IgA serum
levels in laboratory—confirmed COVID—19 patients

At hospital

admission Spike

neutralizing response was measured

RBD-ACE2 neutralization
activity was measured in 13 patients (86.7%). At T1 and T2 a
the patients.

Patients with mild/moderate disease presented higher neutraliz-

ing antibody levels at hospital admission as compared to
severe patients, although this was not statistically significant

(Figure 1).

A statistically significant positive correlation of in vitro neutraliza-
tion of Spike RBD-ACE2 binding with IgG and IgA serum levels at all
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Fig. 2. Serum IgG and IgA levels correlate with inhibition of SARS-CoV-2-ACE2 binding. Linear regression correlating serum levels of anti—Nucleocapsid IgM (top), anti—Spike IgG
(middle) and, anti—Spike IgA (bottom) antibodies with Spike-ACE2 binding neutralization; numerical values along horizontal axis represents Signal to Cut-off ratios for each sero-

logic assay. Dotted lines represent 95% confidence band. P values are shown.

the time-points was found, whereas no correlation was evident
between anti—Nucleocapsid IgM and Spike RBD-ACE2 neutralizing
activity (Fig. 2).

3.4. Persistence of anti—SARS-CoV2 immunity 6 months after the
infection

A 6-month follow-up analysis was performed on 3 out of 15
patients. We did not observe any decline in anti—Spike IgG levels (T2
mean £ SD: 6.53 + 0.27; 6-month mean + SD: 6.21 + 0.9). Anti
—Spike IgA levels declined but were still above the positivity thresh-
old (T2 mean # SD: 11.70 £ 0.56; 6-month mean + SD: 4.13 & 2.16).
Sera retained surrogate neutralization activity (data not shown). Two
patients (1 moderate and 1 severe case) were able to mount a virus-
specific T-cell response, marked by the production of TNF-« and IFN-
y by CD4 and CD8 T cells (Fig. 3), while 1 patient was unresponsive.
Profiles of T-cell response were rather different. A higher frequency
of cytokine positive CD4" versus CD8* T cells (0.91% vs 0.56%) was
found in patient #10 (moderate), while in patient #15 (severe) this
ratio was inverted (0.78% vs 0.96%). The proportion of CD4 and CD8
cells producing 1, 2 or 3 cytokines was also different in the 2 respon-
sive patients.

4. Discussion

The correlation of antibody responses to SARS-CoV-2 with COVID-
19 disease severity is still unclear. Our data suggest that individuals
with an earlier appearance of virus-specific IgG and IgA potentially
have a better outcome. In patients with a mild/moderate disease, IgG

responses tended to occur simultaneously with IgM or even slightly
earlier, while in patients with severe disease IgG and IgA were pro-
duced later during the course of the disease. Both IgG and IgA levels
were correlated to serum neutralizing activity.

Our observations agree with a recent study by Carsetti and co-
workers (2020) who found that IgA and IgG produced relatively late
in the course of the infection characterize severe disease
(Carsetti et al, 2020). Moreover, it has been shown that patients with
more severe illness display higher antibody titers than those with
milder disease (Long et al, 2020; Roltgen et al, 2020).

The presence of anti—SARS-CoV-2 IgG and IgA at TO in mild/mod-
erate patients suggests that some pre-existing immunity to the 4
endemic coronaviruses causing common cold in humans (HCoV-
229E, -NL63, -0C43, and -HKU1) may play a role in counteracting the
infection. These findings are supported by a recent study showing
that COVID-19 disease appears less severe in patients with endemic
coronavirus infection (Sagar et al, 2021).

5. Limitations

Before drawing conclusions, limitations of the study should be
mentioned. The number of patients enrolled is small and probably
not sufficient for making strong conclusions. Only 3 patients were
used in the cellular immunity studies at 6 months. Although incom-
plete and preliminary, the 6-month follow-up showed the persis-
tence of serologic response in 3 patients. Data on T-cell response
suggested the possibility of differential responses that could reflect
asymptomatic exposure.
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Fig. 3. SARS-CoV-2 specific T-cell response 6 months after recovery. (A) Dot plots show the percentage of CD4+ and CD8+ T cells producing IFN-y, TNF-« and IL-2 in response to a
pool of overlapping peptides covering the immunodominant sequence domains of Spike protein. (B) Frequencies of mono- and multifunctional specific CD4+ and CD8+ T-cell

responses.
6. Conclusion

In conclusion, our data confirm the notion that an early IgG/IgA
response focused on the Spike protein may help to counteract the
viral infection, leading to a milder course of the disease. Further stud-
ies are required to investigate more in depth the duration and pat-
terns of T-cell memory responses.
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