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Abstract: Urine is a non-invasive sample that has been proven useful in the detection of anti-SARS-
CoV-2 antibodies in patients with COVID-19. To assess the potential of urine for serological surveys
in a real-world scenario, we performed SARS-CoV-2 serology on urine samples from vaccinated
individuals, with and without prior confirmed COVID-19. (1) Methods: Using an in-house indirect
ELISA, we measured IgG against recombinant Spike (S) and Nucleocapsid (N) proteins of SARS-
CoV-2 in the urine and paired serum from 149 individuals vaccinated with AD26.COV2.S, an S
protein-based COVID-19 vaccine. (2) Results: Anti-S and anti-N IgG were higher in the urine and
serum of participants with confirmed prior COVID-19 when compared to those without previous
infection. Urinary anti-S effectively distinguished vaccinated individuals with (AUC=0.96) and
without (AUC=0.88) prior infection from negative controls (non-vaccinated, non-previously infected
individuals) (p<0.0001). Among vaccinated participants, urinary anti-S and anti-N identified
previous infection with AUC of 0.73 (p<0.0001) and 0.60 (p=0.03), respectively. (3) Conclusion: Our
findings demonstrate that urinary anti-SARS-CoV-2 reflect vaccination and previous COVID-19. We
highlight the potential of urine as a convenient sample in the initial clinical and epidemiological
management of possible new epidemics.

Keywords: SARS-CoV-2; COVID-19; antibodies; IgG; urine; serology; AD26.COV2.S

1. Introduction

Studies show that the diagnosis of infectious diseases based on the detection of antibodies in
urine is a viable, safe, convenient, and non-invasive technique. This diagnostic methodology has been
studied for filariasis (1) , hepatitis A and C (2), schistosomiasis (3), dengue (4), strongyloidiasis (5),
Helicobacter pylori infection (6), leishmaniasis (7,8), among other diseases (9). Although the
concentration of antibodies in urine is about 4,000 to 10,000 times lower when compared to
serum(10,11), it is possible to detect antibodies in urine using the ELISA method (1), which can have
several applications, such as its use for epidemiological prevalence studies (9).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0204.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 June 2025 d0i:10.20944/preprints202506.0204.v1

2 of 9

Given the advantages of urine as a serologic specimen, a study conducted during the
coronavirus disease of 2019 (COVID-19) pandemic employed an in-house urine-based ELISA using
recombinant severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) nucleocapsid (N)
protein to detect anti-SARS-CoV-2 IgG in the urine of unvaccinated hospitalized patients with SARS-
CoV-2 infection, previously confirmed by qRT-PCR (12). In addition, a validation study of an in-
house ELISA using urine samples successfully detected IgG against partial chimeric SARS-CoV-2
Spike (S) and N proteins expressed in a prokaryotic system, highlighting it as a convenient and cost-
effective alternative to serum-based methods, particularly in settings where sample collection poses
challenges (12-14).

With the advent of vaccines against COVID-19, it was hypothesized that tests that detect
antibodies against the N protein in urine could differentiate between the humoral response caused
by previous infection versus that caused by vaccination (15). This would only be applicable in the
cases of vaccines that used only the S protein as an antigen. In order to advance knowledge in ELISA
diagnostic testing in urine, the present study was carried out. We tested both the S protein and the N
protein in the urine of adults vaccinated with AD26.COV2.S (COVID-19 vaccine Janssen), whose
antigen is the S protein. For the analyses, these individuals were divided into two groups, one with
and one without a previous history of COVID-19 confirmed by RT-PCR.

2. Materials and Methods

2.1. Study Design

This is a comparative cross-sectional observational study that analyzed anti-S and anti-N
antibodies in urine and serum samples from individuals vaccinated against COVID-19 with the
AD26.COV2 vaccine Janssen.

2.2. Study population

The included participants were adults 18 years of age or older and in good health, residing in
Belo Horizonte, Minas Gerais, Brazil, who had received the AD26.COV2.S (COVID-19 vaccine
Janssen) between November 2020 and December 2021. Individuals who had received other vaccines
against COVID-19 were excluded from this study. Serum and urine samples from these individuals
were collected between May 2022 and July 2022.

Between November 2020 and July 2022, all study participants who presented symptoms with
suspected COVID-19 were subjected to nasopharyngeal swab collection for SARS-COV-2 testing with
RT-PCR. Diagnoses of COVID-19 prior to study entry were considered if confirmed by a positive RT-
PCR test.

Unpaired urine and serum samples, collected in the pre-pandemic period or from unvaccinated
individuals who, during the pandemic, maintained strict quarantine and did not have any symptoms,
were used as negative controls and were considered never to have been infected with SARS-CoV-2.

2.3. Sample collection

Blood (20mL) and urine (80mL) paired samples were collected simultaneously from each
participant. Urine samples were collected at any time of day and without a fixed urine retention time,
but the collection of morning urine or after an average retention period of 4 hours was recommended,
whenever possible. Urine samples were collected in sterile 80 mL bottles and subsequently
transferred to 15 mL tubes containing sodium azide (71289, Sigma-Aldrich®, St. Louis, USA) at a final
concentration of 0.1% (v/v). The tubes were transported at room temperature and stored at 2 to 8 °C
until use. Pre-pandemic urine samples had been collected before 2019 and kept refrigerated (2 to 8
°C) until use.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Blood samples were collected by venipuncture using a sterile 20 mL collection tube without
anticoagulant and containing a serum separator gel. The tubes were centrifuged at 3,500 rpm for 15
min at 4 °C, with the serum collected and stored in conical eppendorf-type tubes at -20 °C until use.

2.4 ELISA

The ELISA methodology was performed according to previous studies (12), following the ideal
experimental conditions for each type of recombinant protein used, fSARS-CoV-2 N prokaryotic
(FAPON, China, catalog number 516) (12), rfSARS-CoV-2 S eukaryotic (FAPON, China, catalog
number 537) and rSARS-CoV-2 S prokaryotic in-house (16), and for each sample, urine or serum.

First, a titration curve was performed to determine the concentration of recombinant SARS-CoV-
2 N and S proteins (50 to 1000 ng), urine dilution (1:1 and undiluted), and the most appropriate
human anti-IgG conjugate (1:80,000 to 1:2,500) at different incubation times (30 to 60 min). After
titration, the best parameters for the recombinant proteins and each sample type were applied in the
ELISA, using a larger number of samples. Polystyrene plates (High binding 96-well polystyrene
microplate - Corning, Merck, Germany, catalog number: CLS2592) were coated with the recombinant
proteins diluted in carbonate buffer for 16 h at 4°C: 400 ng of antigen/well of each recombinant N and
S protein (prokaryotic and eukaryotic). After sensitization, blocking was performed using 200 pL of
a solution containing 1x PBS, 0.05% Tween 20 (PBS-T), and 1% BSA for 2 h at 37 °C. The plates were
then washed 5 times using PBS-T and incubated with 100 pL of undiluted urine for 1 hour at 37 °C.
The plates were washed 5 times using PBS-T and then incubated with 100 puL of peroxidase-
conjugated human anti-IgG antibody at a 1:10,000 dilution for N commercial, S commercial, and S in-
house proteins in PBS-T for 1 h at 37 °C. Again, the plates were washed 5 times with PBS-T and the
reactions were developed using TMB chromogenic solution (3,3',5,5; tetramethylbenzidine, Moss,
USA) for 30 min in the dark. The reaction was stopped by adding H2504 (0.5 M) and the optical
density (OD) was read in a spectrophotometer for ELISA microplates (Multiskan Go) at A450 nm.

The assays using serum samples were performed with a previously optimized protocol (12,17).
The sensitization of the plates was performed using 400 ng of each of the recombinant commercial
proteins N and S, and S (in-house) with serum dilution (1:100) and anti-IgG antibody (FAPON,
China) 1:40,000 for N and 1:10,000 for S, with incubation times of 30 min each.

2.5. Statistical Analyses

The sample size was one of convenience, and analyses were performed using GraphPad Prism
(version 8.0 for Windows) and SPSS (version 15.0 for Windows). The distributions of continuous
variables were obtained as mean + standard deviation, as indicated, while categorical variables were
assessed as proportions. The Student's t-test was used to compare continuous variables between
distinct groups, and the chi-square test was used to compare proportions. Pearson's test was used to
evaluate the correlation between continuous variables. To assess sensitivity and specificity, the
receiver operating characteristic (ROC) curve was generated. A p-value of <0.05 was used to establish
statistical significance.

3. Results

The study included 149 individuals vaccinated with AD26.COV2.S, of whom 71 (48%) had a
history of COVID-19 confirmed by RT-qPCR, none of them had been hospitalized due to the infection.

The average age of the study participants was 55 years (+13), and 52% were assigned male at
birth. Of the participants, 145 had received two doses of the AD26.COV2.S vaccine, while four had
received three doses. The time from the last dose to sample collection was less than six months in 20
participants (13%) and greater than or equal to six months in 129 participants (87%).

Among the vaccinated participants without a history of COVID-19 (Group 1), 51% were male,
versus 52% in the group of vaccinated individuals with a history of infection (Group 2) (p=0.919). A
significant difference for age was observed, with the mean being 58 years (+12) in Group 1 and 51
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years (+13) in Group 2 (p=0.001). For the number of doses and time between the last dose and sample
collection, no significant difference was observed between the groups, with the mean number of
doses of 2.03 (+0,159) for Group 1 and 2.03 (x0,167) for Group 2 (p=0.925) and mean of months from
the last dose being 5.77 (+0.81) for Group 1 and 5.87 (+0.41) for Group 2 (p=0.329).

The negative control samples (Group 0) used were 23 unpaired urines and 24 sera of
unvaccinated individuals without prior infection. There is no information on the sex and age of these
control individuals.

The results of IgG detection in urine and serum of each group of participants using the different
rSARS-CoV-2 proteins are shown in Figure 1. Overall, antibody levels against all studied proteins
were highest in Group 2, followed by Group 1, with the lowest levels observed in Group 0. This
pattern was evident in both urine and serum. The only groups that did not show a statistically
significant difference in antibody levels were Group 0 and Group 1 when anti-N was analyzed in

urine.
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Figure 1. Comparison of antibody detection against each recombinant protein, in urine and serum, between
groups. G0: unvaccinated without prior infection; G1: vaccinated without prior infection; G2: vaccinated with

prior infection.

The Pearson correlation showed no association between age or number of doses and the
absorbance values. A correlation was found between the values of anti-N and anti-S and between
serum and urine according to Table 4 (p<0.001), except for anti-eukaryotic S in serum and anti-
prokaryotic N in urine, which showed no correlation (p>0.05).
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Table 1. Correlation between anti-N and anti-S in serum and urine, age, and vaccine doses (Pearson's coefficient).
Table cells in blue mean p<0.05. .

Anti-N Anti-N Anti-S Anti-S . (ﬁ(‘;trli e
prokaryotic  prokaryotic  eukaryotic  eukaryotic P in-hm);se Age Dose number
(serum) (urine) (serum) (urine) (urine)

Anti-N

prokaryotic NA 0.302 0.491 0.344 0.269 0.044 0.074
(serum)
Anti-N

prokaryotic 0.302 NA 0.0009 0.428 0.584 0.078 0.073
(urine)
Anti-S

eukaryotic 0.491 0.009 NA 0.493 0.285 0.044 0.034
(serum)
Anti-S

eukaryotic 0.344 0.428 0.493 NA 0.694 -0.084 0.067
(urine)
Anti-S

prlgk;‘;lyl;’:‘c 0.269 0.584 0.285 0.694 NA 0.050 0.113
(urine)

Age 0.019 0.078 0.044 -0.084 0.050 NA 0.002

Dose number 0.074 0.073 0.034 0.067 0.113 0.002 NA

The accuracy of each rSARS-CoV-2 protein was measured in urine and serum and AUC,
sensibility and specificity are shown in Table 2. ROC curves were constructed to distinguish negative
controls (non-vaccinated non-previously infected individuals) from vaccinated previously infected
individuals (GO x G2); negative controls from vaccinated non-previously infected (GO x G1) and
vaccinated previously infected from vaccinated non-previously infected (G1 x G2). The results show
better accuracy measurements when proteins were used to distinguish G0 from G2.

Table 2. Accuracy of each rSARS-CoV-2 protein in urine and serum in distinguishing between groups. GO:
unvaccinated non-previously infected; G1: vaccinated non-previously infected; G2: vaccinated previously
infected. In bold: accuracy with AUC>0.90.

Sensibility  Specificity AUC p value
serum GO0 x G2 91,55 91,3 0,9547 <0,0001
serum GO x G1 61,54 60,87 0,7018 0,0034
Anti-N serum G2x Gl 73,24 69,23 0,7879 <0,0001
Prokaryotic urine GO x G2 77,46 61,9 0,7428 0,00076
urine GO x G1 67,95 61,9 0,6716 0,016
urine G2x Gl 60,56 50 0,603 0,03
serum GO0 x G2 98,59 100 0,9988 <0,0001
serum GO0 x G1 97,44 95,65 0,9875 <0,0001
Anti-S serum G2xGl 77,14 70,51 0,7866 <0,0001
Eukaryotic urine GO0 x G2 88,73 91,3 0,9602 <0,0001
urine GO0x Gl 83,33 78,26 0,8824 <0,0001
urine G2xGl 69,01 62,82 0,7294 <0,0001
. urine GO0x G2 90 82,61 0,9155 <0,0001
Anti-S e GOXGI 83,33 78,26 0,8478 <0,0001
Prokaryotic -
urine G2x Gl 65,71 60,26 0,6737 0,00027
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4. Discussion

Our findings showed that antibodies against the recombinant S and N proteins of SARS-CoV-2
are present in the urine of individuals vaccinated with AD26.COV2.S COVID-19 vaccine Janssen, and
among them, in higher amounts in those who had a previous infection. It is noteworthy that among
the patients with previous infection, none had been hospitalized and the mean number of months
from the last dose was 5.77 (+0.81) for Group 1 and 5.87 (+0.41) for Group 2 (p=0.329). This means
urinary anti-N and anti-S persist for months even after a mild to moderate infection.

In the comparison between unvaccinated individuals without prior infection (Group 0) and
vaccinated previously infected individuals (Group 2), there was a significant difference in reactivity
to all the analyzed proteins, in urine and serum samples. This finding is explained by the presence of
high levels of anti-S as a response to both the vaccine and the infection. In contrast, the presence of
antibodies against the N protein indicates humoral response to active or past infection, as the
AD26.COV2.S vaccine does not contain the N protein in its formulation.

In the comparison between the groups without prior infection (vaccinated versus unvaccinated
individuals), urinary and serum anti-S antibodies were higher among vaccinated individuals,
showing the immune response to the AD26.COV2.S vaccine. This finding is in line with previous
studies that demonstrated the efficacy of AD26.COV2.S against severe and critical COVID-19 (17—
19) and its association with elevated neutralizing antibody levels (20).

When evaluating anti-N protein in urine, its levels were lower in individuals without prior
confirmed infection, vaccinated or not. However, in serum, vaccinated individuals without previous
COVID-19 had higher levels of anti-N compared to negative controls (unvaccinated without prior
infection). This could be explained by cross-reactions with other coronaviruses (15) or prior
undiagnosed asymptomatic SARS-CoV-2 infection. Since this finding was not seen in urine samples,
it is suggested that anti-N in serum may have greater sensitivity for detecting cross-reactions or prior
asymptomatic infection.

A higher urinary anti-S reactivity was found among vaccinated previously infected individuals
compared to vaccinated without prior infection: S eukaryotic G1 (0.3397 + 0.04176) x G2 (0.7876 +
0.08827), p< 0.0001; S in-house G1(0.3931 + 0.03978) x G2 (0.6386 + 0.06637) p< 0.0001. This difference
is probably related to hybrid immunity, the result of vaccination plus infection, a combination
described in the literature as capable of provoking a more potent immune response than isolated
immunity, by infection or vaccination (21,22).

When we compared the anti-N reactivity in urine and serum among vaccinated individuals, it
was higher among individuals with previous infection. However, urinary anti-N accuracy in
distinguishing prior infection among vaccinated individuals was inferior (AUC=0.603, p=0.03) when
compared to urinary anti-S eukaryotic (AUC= 0,729, p<0.0001) and to urinary anti-S prokaryotic
(AUC=0.6737, 0,00027). This could be possibly explained using the reasoning of hybrid immunity,
which generates anti-S in greater quantities than isolated vaccine immunity. Therefore, depending
on the cutoff point for urinary anti-S, vaccinated individuals with prior infection can be distinguished
from vaccinated individuals without prior infection.

A direct weak correlation was found between the dosages of anti-N and anti-S in urine and
serum (Table 1). The weakness of the correlation can be explained by the fact that urine concentrations
may vary and they were not controlled in this study. The strongest correlation was between urinary
commercial anti-S and in-house anti-S (r=0.694, p<0.001). Their AUCs also had similar values. The
second strongest correlation was between urinary anti-N and urinary anti-S in-house (r-0.584,
p<0.001). These correlations reinforce the validation of the method.

Our results showed that age, sex, number of doses, and time of the last dose did not influence
the absorbance values found for the N and S proteins. This finding goes against the literature data,
which describes that these are determining factors in the amount of IgG (22,23).  The analysis of the
factors "time after the immunizing event" and "number of doses" may have been compromised by
the sample size, which did not allow a sufficient "n" in each time and dose category. Age and sex may
not have been impactful due to sample size and the groups being practically similar concerning these

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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variables. Another possible explanation is that this immunodiagnostic methodology, never described
in this studied population, has different characteristics from studies already published (22,23).

A limitation of the study was the absence of an unvaccinated group with a previous mild
infection. We had no access to samples from such patients when this study was performed. It could
have brought additional conclusions about the vaccinated group with a previous mild infection,
comparing the response to isolated infection versus the hybrid immune response. Another limitation
is the sample size, which did not allow for comparison of post-immunizing event time categories
(vaccine or infection). This is relevant, as the amount of antibodies decays over time (24). Finally, this
study only included patients vaccinated with one type of COVID-19 vaccine. Analyzing urinary anti-
SARS-CoV-2 in individuals vaccinated with different COVID-19 vaccines would add important
insights.

A strength of this study is the confirmation of the possibility of using urine samples to detect
anti-S and anti-N in the vaccinated population. The results found in urine and serum samples
corroborate the findings of other studies (12-14). Although this method cannot currently be used to
diagnose COVID-19, because almost the entire population has antibodies in response to either the
vaccine or previous infection, this work shows that antibody dosage in urine has diagnostic potential
and should be further explored.

In clinical practice, the use of urine to detect antibodies can be considered more convenient
compared to venipuncture, since it allows patients to collect their own samples and eliminates the
risks involved in handling blood and the need for trained phlebotomists for collection. Once
improved, antibodies detection in urine can be used in the initial clinical and epidemiological
management of possible new epidemics.
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