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Abstract 

Longitudinal serum samples and nasopharyngeal/nasal swab samples were collected from 
forty-eight individuals (median age 66yrs) with Covid-19 PCR-positive test results at 
Linköping University Hospital. Samples were collected from initial visit and for 6 months 
follow up. Presence of serum IgG and IgA against SARS-CoV-2 antigens (S1-spike, 
nucleocapsid and NSP3) were analyzed. Nasal swabs were tested for presence of IgA against 
the outer envelope S1 spike protein. Ninety-two percent of participants were seropositive 
against SARS-CoV-2 recombinant proteins at day 28 from study entry and all (100%) were 
seropositive from samples collected at 2 months or later. The most common antibody 
responses (both serum IgG, mainly IgG1 and IgA) were detected against the S1-spike protein 
and the nucleoprotein. In samples collected from nasal tissues considerably lower 
frequencies of IgA-positive reactivities were detected. Sixteen to 18 percent of study 
participants showed detectable IgA levels in nasal samples, except at day 60 when 36% of 
tested individuals showed presence of IgA against the S1-spike protein. The study suggests 
that the absolute majority of studied naturally infected Covid-19 patient in the Linkoping, 
Ostergotland health region develop over 6 months lasting detectable levels of serum IgG and 
IgA responses towards the SARS-CoV-2 S1-spike protein as well as against the nucleoprotein, 
but not against the non-structural protein 3. 
 
 
Introduction 

One of the cornerstones of protective immune response against viral infections is the 
humoral immunity, systemically and at mucosal surfaces. In most viral vaccine trials, in the 
childhood vaccination programmes (1-3) as well as in adult vaccination the humoral 
immunity is evaluated, and most often correlated with disease severity reduction or 
prevention. For respiratory tract infections such as influenza and RSV this is well 
documented (4-6). It is thus very likely so also with the Covid-19 infectious virus, the 
betacoronavirus SARS CoV-2 (7-11, 12). And this is the reason for conducting this study. The 
aim of this study is to follow a significant size of hospitalized Covid-19 patients from hospital 
admission and follow up to determine the longevity of the humoral immunity in blood and 
respiratory tract. 
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Materials and methods: 

Samples: Patients admitted to the hospital from whom sampled nasal swabs were shown as 
PCR-positive for SARS-CoV-2 (age range 24 – 81 years, median age 66) were asked for blood 
samples as well as additional nasal nasopharyngeal swabs. Samples were collected at day of 
admission, at 2 weeks, 4 weeks, 2 months and 6 months during follow-up. Negative and 
positive controls were obtained from laboratory staff at Linköping University. 
 
Serology  

Serum was collected, aliquoted and frozen until used. Oral and nasal swabs were collected 
with cotton pads and kept in 1 mL sterile saline solution stored frozen until used. 
SARS-CoV-2 S1-spike protein (Wuhan strain 2019) was used as soluble antigen on 96-well 
microwell plates (0,5 ug/mL PBS pH 7,2, Toronto University, SGU, Toronto ON, Canada / 
SinoBiologicals, Eschborn, Germany). SARS-CoV-2 nucleoproteins NC-(aa47-174 and aa267-
364) and nsp3 (Toronto University, ON, Canada). Serum samples from Covid-19 patients and 
positive and negative controls were diluted in PBS-Tween 20 (0.05%) with 2,5% fat-free milk 
buffer. Serum dilutions and standard serum control samples was added to the coated plate 
wells and incubated 90 min. at 37oC. Conjugates against anti-human IgG-HRP (BioRad, 
Richmond, CA) or anti-human IgA-HRP (Nordic BioSite, Täby, Sweden) was added to separate 
wells with diluted serum samples and incubated 90 min. at 37oC. Finally, substrate 0.003% 
H2O2/o-phenylene diamine (Sigma-Aldrich, S:t Louis, MA. 0,4 mg/mL) was added and kept at 
room temperature for 30 min. before 2,5M H2SO4 was added as stop solution. Plates were 
read at OD490. Standard curve samples for determining AU antibody quantitation was used. 
Serum IgG subclasses were tested with isotype-specific murine anti-human IgG subclasses 
(Sigma-Aldrich, S:t Louis, MA). 
Mucosal samples from Covid-19 patients and positive and negative controls were diluted 
with PBS-Triton X-100 5% with 2,5% fat-free dry-milk and added to the coated SARS-CoV-2 
S1 spike plate wells and incubated o.n min. at RT. Conjugates against anti-human IgA-HRP 
(Nordic BioSite, Täby, Sweden) was added and incubated for 90 min. at 37oC. Substrate and 
plate absorbance reading was performed as described above. Cut off was determined by 
identification of reactivity towards the antigens used from ten negative control serum mean 
reactivity values multiplied with two. 
 
Statistical analysis. 

Mann-Whitney U test was performed to compare differences in antibody reactivity between 
sampling time points. 
 
Ethical permission: The study was conducted according to the rules of the Declaration of 
Helsinki. Samples were collected after informed consent and ethical permission was 
obtained and approved by the Ethical Review board in Sweden. (Reference no: 2020-03888 
and 2020-02080). 
 
Results 

Serology 

In total, forty-eight patients with Covid-19 infection were included. The kinetics of serum IgG 
and IgA against the SARS-CoV-1 S1-spike protein was analyzed (Figure 1A and 1B). 
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All patients developed detectable IgG and IgA responses at least once during the study 
period. All of the study participants were seropositive at 1 month and remained serum IgG 
seropositive still at 6 months follow up. Serum IgA seropositivity was detectable in all tested 
samples at 2 months but was reduced to 78,6% at 6 months (not shown). Subclass IgG-
isotyping was performed, and only IgG1 subclass IgG was detected.  
 
Serum IgG against SARS-CoV-2 nucleoproteins (NC-protein aa 47-173) was seen with serum 
from all study participants at 1 month post admission. However, only 2 study participants 
responded with detectable serum IgG against a more C-terminal part of the nucleoprotein 
(aa 247-364). The comparison of anti-NC-binding antibodies in serum was compared with 
the serum IgG anti-S1 spike reactivity (Figure 2). Serum IgG and IgA reactivity against one 
non-structural protein, the NSP3-protein was assayed, and all tested sera were shown to be 
non-reactive (not shown). 
 
A subgroup of twenty-two individuals was tested for nasopharyngeal swab collected IgA 
reactivity and positive reactivity was seen in upto thirty-six percent of tested individuals at 
least once between days 14 to 60 against the S1 Spike protein (Figure 3). 
 
Discussion: 

Serological analysis directed against the principal SARS-CoV-2 neutralizing protein the viral 
S1 Spike protein has been presented to be one of the most long-lasting immune responses in 
previous studies (11, 13).  In this study all involved patients developed detectable anti-S1-
binding IgG and IgA responses at least once during the study period. Ninety-six percent of 
the study participants were seropositive at 6 months. All showed presence of both serum 
IgG (IgG1) and IgA, and in a subgroup also local mucosal nasopharyngeal sIgA against the 
outer surface proteins of the SARS-CoV-2 for upto 2 months follow-up.  
It is of importance that the serum IgG against neutralizing viral proteins remain elevated, 
and hopefully at a protective level, even though no clear antibody-titer or antibody quantity 
limit on correlation from infection or reduced transmissibility have been determined yet. 
Similarly, it was valuable to see that also serum IgG against the nucleoprotein was frequent 
among the infected patients. However, serum IgG/IgA against the NC-proteins have been 
described as both negative and positive for human health as described in different patient 
categories. In one study higher amounts of these immunoglobulins correlate with antibody-
dependent enhancement (ADE) of infection, even though no clear mechanistic process was 
presented (14), and in other studies these antibodies have been part of the cure/health 
promoting immune response. The possible positive interpretations or explanations given 
would be the clearance of circulating viral proteins that otherwise may cause formation of 
immune complexes, or result in inflammation at local sites where the NC-proteins aggregate 
(15).  
 
It is estimated that around half of hospital admissions for young children and around twenty 
percent of hospitalizations of pneumonias among elderly is due to respiratory viral 
infections, but before 2020 mainly due to respiratory syncytial virus or influenza viruses (16). 
From 2020, these infectious agents have suddenly become considerably less frequent, and 
exchanged to the completely dominating betacoronavirus SARS-CoV-2 (in Scandinavia). 
Respiratory infectious viruses (historically dominated by around eighty to ten different virus 
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families will thus remain serious health challenges even though decades of intensive 
research for developing antiviral drugs and vaccines against them have been performed. 
 
Still, it is important to identify the correlates of protective immunity, and sofar the best and 
most often defined correlate in almost any respiratory infectious illness have been 
antibodies (17). Antibodies have been shown to neutralize infectivity by attaching to viral 
surface proteins, and in addition to neutralization to trigger complement-activation and 
provide antibody-dependent cell-mediated cytotoxicity against infected viruses and cells. 
There are few reasons yet to believe that the SARS-CoV-2 will not be sensitive to the same 
correlates of protection (18, 19, 20). The challenge will be to obtain antibodies capable of 
recognizing the new circulating S1-envelope protein mutant SARS-CoV-2 strains, especially 
close to the nasal mucosal surfaces as seen in a subpopulation (Fig.3) here. The possibly 
positive result with obtaining the SARS-CoV-2 specific immunity through natural infection 
may be the broader immune responses towards several viral proteins, several that are not 
included in the vaccines. Immune memory B- and T-lymphocytes will thus be obtained both 
against the viral surface proteins and several hopefully more conserved intraviral proteins 
such as the nucleo-proteins (N) and the non-structural proteins (nsp:s). 
The question is just to understand the longevity and the magnitude of these immune 
responses in Covid-19 patients with mild and/or severe disease as well as in the SARS-CoV-2 
vaccinated individuals of different age groups and genders. 
 
The conclusions from this study were that the majority of Covid-19 patients develop a 6-
months lasting humoral serum and mucosal immunity towards the outer S1 spike protein of 
SARS-CoV-2.  
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Figure Legend 

 
Figure 1A. Kinetics of serum IgG reactivity against the SARS-CoV-2 S1 spike protein in forty-
eight Covid-19 patient samples collected during 6 months from hospital admission. Boxplots 
showing median reactivity and range per timepoint is shown.  
 
Figure 1B. Kinetics of serum IgA reactivity against the SARS-CoV-2 S1 spike protein in forty-
eight Covid-19 patient samples collected during 6 months from hospital admission. Boxplots 
showing median reactivity and range per timepoint is shown.  
 
Figure 2. Comparison of serum IgG reactivity in thirty-two Covid-19 patients with 
recombinant S1 Spike protein, the two recombinant nucleoproteins (aa47-174/ NC-RNA and 
247-364/NC-Dimer) during a 6-month follow-up period. Significantly higher serum IgG 
reactivity was seen against the S1-spike and the NC-RNA aa47-174-nucleoproteins. Boxplots 
showing mean reactivity and range per timepoint is shown.  
 
Figure 3. Nasal swab IgA ELISA reactivity seen in twenty-two Covid-19 patients against the 
SARS-CoV-2 surface recombinant S1 Spike-protein. Boxplots showing median reactivity and 
range per timepoint is shown.  
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