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ABSTRACT

Introduction: Severe acute respiratory syndrome, coronavirus type 2 (SARS-
-CoV-2) has become a global threat for every healthcare system, and the corona-
virus disease 2019 (COVID-19) pandemic has resulted in over 3 million deaths
worldwide. SARS-CoV-2 brings symptoms such as fever, cough, shortness of bre-
ath, headache, sore throat and loss of taste or smell. Diagnostic of COVID-19
may include specific RT-PCR for viral ribonucleic acid detection, and ELISA
testing for virus-derived spike protein or nucleocapsid.

Aim: The aim of this study was to measure the antinucleocapsid level of SARS-
-CoV-2 IgG to identify the number of asymptomatic cases of COVID-19 after
infection in a population of workers from a production company.

Material and methods: Human anti-SARS-CoV-2(N) IgG ELISA kit was
used to determine serum IgG level. Study includes 107 individuals (48% female,
52% male) in different ages (18-60 years).

Results and discussion: Of107 tested individuals in 80 (74.7%) cases SARS-
-CoV-2(N)-specific IgG antibodies were detected, with an average antibody con-
centration of the whole study group 4.08 ug/mL (n = 107 with the range 0.59-7.91
ug/mL; n = 80 were included in the study with the sensitivity of the method above
2.344 pug/mL). In only 9 cases, SARS-CoV-2 infection was confirmed before using
the PCR test. Our data underscore the need for a population study in Poland to test
the proportion of asymptomatic IgG positive for SARS-CoV-2 individuals.

Conclusions: This study indicates that within studied sample large proportion
of asymptomatic people have undergone SARS-CoV-2 infection and suggests that
isolation of only symptomatic patients would not stop the transmission of the virus.
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1. INTRODUCTION

Severe acute respiratory syndrome, coronavirus type 2 (SARS-
CoV-2) has become a global threat for every healthcare system.
According to Worldometers, coronavirus disease 2019 (COV-
ID-19) cases have been counted to approximately 142,113,000
by the 19th of April 2021; the pandemic has resulted in over 3
million deaths worldwide.! SARS-CoV-2 belongs to the family
of single-stranded ribonucleic acid (RNA) viruses that infect
animals, humans, and causes COVID-19. Clinical presenta-
tion varies between patients, but signs and symptoms include
cough, fever, shortness of breath, fatigue, myalgias, headache,
sore throat, new loss of taste, or smell as well as gastrointes-
tinal symptoms like nausea, vomiting or diarrhea.>*® After
1 week of the onset, some patients develop severe course of
the disease, which meet the criteria for the acute respiratory
distress syndrome (ARDS).* Diagnostic tests involve a naso-
pharyngeal swab (or other upper respiratory tract specimens
such as a throat or saliva swab’), and specific reverse-tran-
scription polymerase chain reaction (RT-PCR) that detects
viral RNA. Another group of methods — serological testing
— including enzyme-linked immunosorbent assay (ELISA),
chemiluminescence enzyme immunoassays, fluorescence im-
munoassays, and lateral flow immunoassays. These tests are
used for rapid detection of the presence of the SARS-CoV-2 vi-
rus by detecting virus-derived spike (S) protein or nucleocap-
sid (N) protein. Alternatively, these assays are used to detect
the presence of IgG, IgA, and IgM virus-specific antibodies
(both separately or combined), providing evidence not only
for a recent infection but also the successful generation of a po-
tentially protective immune response.® Serum is required, as
these methods are designed to measure antibodies reflecting
the host immune cells response.’ The ELISA method exam-
ined by Mathuria et. al. showed a sensitivity and specificity for
virus-specific IgM detection (77.3% and 100.0%, respectively),
and for IgG detection (83.3%, and 95.0%, respectively).” Be-
cause of the easy of sample preparation and measurement,
rapid results with lower costs, and even point of care potential,
serological methods like ELISA and lateral flow assays, have
therefore started to become more popular for routine measure-
ments of SARS-CoV-2 specific antibodies in serum.

2. AIM

The aim of this study was to measure the IgG level anti-
SARS-CoV-2 N using ELISA test to identify the number of
asymptomatic cases of COVID-19 infection in the popula-
tion of employees of a selected production company in Po-
land.

3. MATERIAL AND METHODS

3.1. Characteristics of research group

Previously 107 individuals (48% female, 52% male), of dif-
ferent ages (18-60 years), and all were Caucasian, and were

workers of a company in Olsztyn (Poland, Warmia and Ma-
zury province) recruited from 20 to 24 of March 2021. The
company employs 115 people (42% female, 58% male), aged
18-64 years old. Employees work in two spaces: office (27%)
and production facility (73%). Work in the office space takes
8 hours a day, while work in the production space is organ-
ized in two shifts (both 8 h). Workers in both zones have
limited contact with each other. The company has restricted
rules required by sanitary institutions: wearing masks, dis-
infecting, and social distancing. None of the workers had
been vaccinated prior to the testing.

Previously 107 participants took part in the study, but
27 patients were rejected due to the sensitivity of the meth-
od (where IgG concentration was less than 2.344 ug/mL).
Therefore, the final results of 80 participants were used for
statistical analyses (percentage of IgG-positive subjects was
equal to 74.7%).

3.2. Questionnaire

All individuals were asked to answer the following questions
including typical epidemiological history and clinical charac-
teristics: sex; age; information about previous SARS-CoV-2
virus infection (based on a positive PCR test) and/or 10-17
days of quarantine; symptoms (in confirmed and noncon-
firmed individuals: type of symptoms and duration); disin-
fection of hands, and social distancing.

3.3. Biological material

Peripheral blood samples (5 mL) were collected from each
patient by medical staff, in adherence to the infection pre-
vention and control guidelines of World Health Organiza-
tion (WHO) and used personal protective equipment such
as gown, gloves, eye protection and N95 mask while col-
lecting the specimen. All blood samples were immediately
transported to the laboratory and for direct analysis.

3.4. Determination of human anti-SARS-CoV-2
N IgG concentration

The peripheral blood was collected from the research group,
and after serum isolation (clotting at room temperature
for at least 30 minutes and centrifuging for 20 minutes at
2500 rpm) was immediately used for analysis, which was
performed in duplicate using Human anti-SARS-CoV-2 N
IgG ELISA Kit according to the manufacturer’s instruction
(FineTest, Wuhan, China). Test range: 3.906 — 250 ng/mL,
sensitivity: 2.344 ng/mL, species: human.

All reagents and samples were kept at room temperature
for 20 minutes before use, and then every step of the ELISA
test was carried out in an incubator at 37°C with gentle shak-
ing (250 rpm) on a microplate shaker (SkyLine ELMI Shaker
DTS-4, Riga, Latva). Test samples were diluted before anal-
ysis with sample dilution buffer from the kit (ratio 1 : 50).
Plates were washed 2 times, and ELISA test was performed
as follows: 50 uL of standard curve, control (blank) and di-
luted test samples were pipetted into the precoated microtiter
strips, and incubated for 30 minutes at 37°C. Then plate was
washed 3 times with wash buffer, and 50 L. HRP-labeled an-
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tibody working solution was added into each well. After 30
minutes of incubation, plate washing was per-formed 5 times
while leaving the Wash Buffer in the wells for 1-2 minutes
each time. Then 50 L. of TMB substrate was added into each
well, and incubation was carried out in the dark for 10 min-
utes. The reaction was stopped with 50 uL stop solution. Ab-
sorbance was measured at a wavelength of A = 450 nm using
microplate reader (BiogenetAsys UVM 340, Cambridge, UK).

3.5. Statistical analysis

Results of human anti-SARS-CoV-2 N IgG concentrations
are presented as a mean *+ confidence interval (CI). Statisti-
cal analysis was conducted with GraphPad Prism 6 software
(GraphPad Software Inc., San Diego, CA, USA).

4. RESULTS

4.1. Human anti-SARS-CoV-2 N IgG concentra-
tion

Of the 107 tested individuals, in 80 (74.7%) cases SARS-CoV-
2-N-specific IgG antibodies were detected, with an average
antibody concentration of 4.08 ug/mL (0.59-7.91 ug/mL). In
9 (11.3%) cases out of these 80 individuals, the SARS-CoV-2
infection was confirmed by PCR test and by doctors (1-6
months before the anti-SARS-CoV-2 N IgG test: between
October and December 2020, and February 2021). In 98 of all
tested (91.5%) there was no confirmation, no symptoms (or
weak symptoms), and no quarantine. The mean level of anti-
SARS-CoV-2 N IgG in the PCR-confirmed group (within 1-6
months) was 3.94 ug/mL (0.77-6.04 ug/mL), and in the non-
confirmed group 3.99 ug/mL (0.59-7.89 ug/mL). In 27 indi-
viduals, no specific IgG was detected so for statistics only 80
individuals were taken.

4.2. Symptoms

Our study showed that the vast majority of workers did not
have symptoms (or scanty symptoms that may not have
been considered a symptom of COVID-19 at the time) but
still have specific IgG. The detailed characteristic of the
symptoms in all groups is presented in Table 1.

5. DISCUSSION

Previously 107 participants took part in the study, but 27
patients were rejected due to the sensitivity of the method
(IgG concentration less than 2.344 ug/mL). The results of
80 participants were used for statistical analyses (percentage
of IgG-positive subjects was equal to 74.7%). Therefore, we
found that asymptomatic patients had undergone COVID-19
infection based on IgG antibodies.

IgG antibodies are indicators of immune memory that
even after a gradual decline remain present in recovered
patients.® Interestingly, in our results, the level of antibod-
ies in individuals that recovered from a proven COVID-19
infection remained high until even 6 months after infection

(6.04 ug/mL). Nevertheless, in 1 case the IgG level dropped
from 0.79 ng/mL to below 10 ng/mL at 6 months after infec-
tion. Long-term studies showed the kinetics of IgG specific
for N and S antigens. Isho et al. confirmed that serum and
saliva SARS-CoV-2 IgG are maintained in the majority of
COVID-19 patients for at least 3 months post-symptom on-
set.? Moreover, S protein-specific memory B cells were more
abundant at 6 months than at 1 month post symptom on-
set, and IgG to the S protein was relatively stable for over
6 months.™

This study did not determine the level of IgM, because
the company conducts strict restrictions on the health of
employees (temperature is measured daily, antigen tests are
selectively performed, and the employees are required to
stay at home or contact a doctor if their health deteriorate
or show COVID-19-like symptoms). IgM is detectable after
3-6 days, while IgG is detectable after 8 days.!! However,
detecting specific antibodies among newly infected patients
(in the early stage of the putative development of disease)
might be difficult as most patients experience IgG serocon-
version on average at least 20 days after the onset of the first
symptoms.'?

Our study indicates that there may be many asympto-
matic people who have had SARS-CoV-2 infection. Simi-
lar to other studies,'»'* our data support that an indoor and
crowded environment favors SARS-CoV-2 infections.

Moreover, it supports the opinion that measures like
isolation of only symptomatic patients would not stop the
transmission of the virus.!* In the study of Johansson et al.,
asymptomatic individuals were responsible for more than
half of all transmissions. Additionally, the super spreaders
are not responsible for COVID-19 outbreaks, but these are
rather the type and conditions of the events.!® According to
WHO symptoms of SARS-CoV-2 infection could be divided
into the most common (fever, dry cough, tiredness) and less
common (e.g.: sore throat, diarrhea).'’” Some of the symp-
toms were linked to a subsequent SARS-CoV-2 infection at
a later time point. When noting not specific to COVID-19

Table 1. Symptoms noted in the last 6 months in tested groups.

Non-confirmed
infection
(positive IgG),
71 cases
n(%)

Positive PCR
(positive IgG),
9 cases
n(%)

Negative IgG
27 cases,
n(%)

Symptoms/group

Loss of smell 9(100) 3(4.2) 0(0)
Fever 6(67) 3(6) 1(3.7)
Tiredness 6(67) 12(17) 9(33.3)
Pain in the chest 6(67) 0(0) 0(0)
Muscle pain 5(56) 2(4) 0(0)
Headache 6(67) 14(19.7) 0(0)
Loss of taste 6(67) 2(4) 0(0)
Dry cough 2(22) 0(0) 0(0)
Breating 222 w oo
Sore throat 2(22) 6(11) 0(0)
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Figure 1. COVID-19 cases in Poland from 03/20/21 until 03/24/21 based on government’s official coronavirus infection report.!

at that time symptoms, there was no chance to confirm the
infection with a PCR test. In the positive tested group (prov-
en COVID-19 infection by a positive PCR test) there were
clinical symptoms recorded including loss of smell, head-
ache, fever over 38°C, fatigue, chest pain, loss of speech, and
loss of taste. Tiredness and headache were also noted in the
other workers (not proven with PCR test). In some cases,
only a few symptoms appeared at the same time. In 27 cases
there was no anti-SARS-CoV-2 N IgG detected, while some
claimed tiredness within this group (33.3%), and fever (1
individual).

We also collected information on the number of COVID
infections in Poland and in the region (Warmia and Mazury
Voivodeship) where employees of the examined company in
Olsztyn work and live. The data on the chart (Figure 1) comes
from the government’s official coronavirus infection report.!3

During the 4 days of our research, over 117 200 cases
were confirmed in Poland. In the Warmia and Mazury
Voivodeship, over 4000 covid infections were recorded,
which accounted for approximately 3% of all infections in
Poland at that time.

Interestingly, Ochal et al. published the study conducted
from Shelter for the Homeless named after Sabina Kuczni-
erow in Olsztyn. Study confirmed that in the period starting
from December 2020 to March 2021, 50% of the whole group
of analyzed individuals (n = 82) became infected. According
to authors, prevention against the SARS-CoV transmission
was implemented in shelter. Obligatory rules were distance
(minimum of 2 m between beds), masks covering nose and
mouth, and testing residents. Only one resident needed to
be hospitalized.”

Limitations of our study include the relatively small
number of participants — the single site-based design. Nev-
ertheless, the number of people after infection based on a
positive IgG test is surprisingly high in this population. Our
data underscore the need for a population study in Poland to
test the proportion of asymptomatic IgG positive for SARS-
CoV-2 individuals.

6. CONCLUSIONS

This study indicates that within studied sample large propor-
tion of asymptomatic people have undergone SARS-CoV-2
infection in and suggests that isolation of only symptomatic
patients would not stop the transmission of the virus.
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