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Abstract. The spread of SARS-CoV-2 represented a global health crisis. On May 5, 2023,
the chief of the World Health Organization (WHO) officially announced the end of COVID-19
as a global health emergency. Serological assays can identify previously infected SARS-
CoV-2 individuals, even if they did not go for testing while acutely ill. The current study
sought to detect antibodies directed against the nucleocapsid of SARS-CoV-2 (IgG against
the SARS-CoV-2 N protein) in both vaccinated and unvaccinated COVID-19 individuals. Of
the 100 participants, 53 and 47 were vaccinated and unvaccinated, respectively. The vac-
cination status of the cohort based on gender data indicates that 41 (41%) of all participants
were vaccinated males, whereas 12 (12%) were vaccinated females. We found that 42 (42%)
were unvaccinated males and 5 (6%) were unvaccinated females. Of 53 vaccinated subjects,
42 and 11 participants were positive and negative for IgG against the SARS-CoV-2 N pro-
tein, respectively. Of 47 unvaccinated participants, 28 and 19 were positive and negative for
IgG against the SARS-CoV-2 N protein, respectively. The average of S/P “Sample/Positive
control” percentages, which correlate to levels of IgG against SARS-CoV-2 N protein, were
significantly higher among the vaccinated patients (73.8%) as compared to non-vaccinated
patients (57.1%), with p = 0.02. There was a downward trend in levels of IgG against the
SARS-CoV-2 N protein with increasing age, except for the 60—69 age group.
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INTRODUCTION

he emergence and spread of the severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has led to the coronavirus

disease-2019 pandemic (COVID-19) [1]. On May
5, 2023, the chief of the World Health Organization

(WHO) officially announced the end of COVID-19 as
a global health emergency: https://news.un.org/en/
story/2023/05/1136367. Antibody tests are useful di-
agnostic assays that are mainly applied to patients in
their later disease courses and to people who have
been infected with the virus in the past [2, 3]. Se-
rological assays could help in identifying previously
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infected COVID-19 individuals, in spite of the fact that
they did not go for testing while acutely ill [4]. Sero-
logic testing helps in determining immunity, stratifying
vaccine receipt individuals, and documenting vaccine
response, which can provide details about return-to-
work status and travel decisions [2, 3]. They also
have a pivotal role in the evaluation of the epidemiol-
ogy at local, national, and global levels [5, 6].

Serological assays normally depend on the detec-
tion of antibodies against nucleoprotein (N) or spike
protein (S) because these are highly immunogenic
SARS-CoV-2 proteins [7]. The Spike protein is pres-
ent on the SARS-CoV-2 surface, and it has the abil-
ity to attach to ACE-2 receptors. It is a good sign of
a strong immune system to detect antibodies against
spike protein because anti-spike protein antibodies
were found to have neutralizing effects in vitro [8, 9].
A recent study, which detected both anti-N and anti-S
antibodies, found an average seropositivity duration
with anti-N assay specificity comparable to anti-S [10].

COVID-19 infection can elicit antibodies against nu-
cleoprotein and spike protein [9, 11, 12], of which,
based on animal virus-challenge research, the spike
protein-specific antibodies were neutralized and lined
with a protected immune response [13, 14]. All of the
approved COVID-19 vaccines are able to produce
strong antibody responses [15]. Although there is not
enough data about the persistence of antibodies in-
duced by the effects of vaccines, infection-induced
neutralizing antibodies can be detected for an aver-
age of six months after the onset of symptoms [16].

Spike-specific and neutralizing antibodies showed a
remarkable rise in people who took a single shot of
vaccine after SARS-CoV-2 infection, which notably
surpassed levels observed with only COVID-19 infec-
tion. In fact, COVID-19 patients who are recovered and
vaccinated could be the best COVID-19 convalescent
plasma donors [17]. Researchers also found that the
production of antibodies is higher in severe diseases
than in mild ones. Previous infections and vaccination
are associated with a low rate of COVID-19 infections
[18-20]. The maijority of previous studies examined the
antibody response to the spike protein of SARS-CoV-2
[21-24]. In the present study, we aim to measure and
assess the antibody level produced against the SARS-
CoV-2 nucleocapsid protein in both vaccinated and
unvaccinated COVID-19 subjects.

MATERIALS AND METHODS

Participant blood samples

We recruited 100 volunteers at the Institute of Micro-
biology, University of Veterinary and Animal Scienc-

es (UVAS), Lahore, Pakistan. Human serums from
all 100 participants were collected in plastic serum
separator gel blood collection tubes on April 9, 2021.
Age, sex, and vaccination status were recorded for
all participants. All subjects declared that they did not
have any current physically identifiable COVID-19
symptoms at the time of sample collection. All par-
ticipants in this study were Pakistanis and took two
doses of the Sinopharm COVID-19 vaccine.

ELISA Procedure

The IgG antibody level produced against the nu-
cleocapsid (N) protein of SARS-CoV-2 (IgG against
SARS-CoV-2 N protein) in human serum was de-
tected using indirect semi-quantitative ELISA (the ID-
Screen® IgG against SARS-CoV-2 N protein indirect
kit, Innovative diagnostic (ID), France). Optical den-
sities (OD) were read and recorded at 450nm. The
plates were read within 30—40 minutes as a way to
avert loss of optical density.

The S/P ratio “Sample/Positive Control” for each
sample was calculated and expressed as a percent-
age (S/P %):

OD (Sample)-OD(Negative Control)

x 100 : x 100
OD (Postive Control)-OD (Negative Control)

As indicated by the kit, it is recommended to keep the
threshold at S/P% > 60% to indicate positive for IgG
against the SARS-CoV-2 N protein.

Statistical analysis

Statistical analysis was done using GraphPad Prism.
Age was classified into the following five groups:
20-29 years old, 30-39 years old, 40-49 years old,
50-59 years old, and 60-69 years old. Seropositiv-
ity outcomes were analyzed in the different groups.
The Student T test was used to assess the statistical
significance.

RESULTS

Gender-wise vaccination status

Of 100 participants, we found that 83 (83%), and 17
(17%) were males and females, respectively. Out
of the 100 participants, 53 were vaccinated and 47
participants were unvaccinated, respectively. All 53
vaccinated subjects confirmed that they received full
COVID-19 vaccination shots. The subjects in each
age group were as follows: 16 subjects in the 20-29
age group, 25 subjects in the 30-39 age group, 23
subjects in the 40-49 age group, 32 subjects in the
50-59 age group, and 4 subjects in the 60-69 age
group. The vaccination status of the cohort based on
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gender data indicates that 41 (41%) of all participants
were vaccinated males, whereas 12 (12%) were vac-
cinated females (Figure 1). 42 (42%) were unvacci-
nated males, and 5 (5%) were unvaccinated females.
Figure 2 shows the distribution of vaccination status
and gender among all participants.
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Fig. 2. Distribution of vaccination status in relation to gen-
der among all participants

Antibody level, vaccination status, and age
groups

Among all participants, 70 (70%) were positive for
IgG antibodies against the SARS-CoV-2 N protein.
Out of 53 vaccinated subjects, 42 and 11 participants
were positive and negative for IgG antibodies against
the SARS-CoV-2 N protein, respectively. Out of 47
unvaccinated participants, 28 and 19 were positive
and negative for IgG antibodies against the SARS-
CoV-2 N protein, respectively. Figure 3 shows the
distribution of vaccination status in relation to IgG
against the SARS-CoV-2 N protein among all par-
ticipants. This study found that 11 out of 53 (20.7%)
vaccinated participants were negative for IgG anti-
bodies against the SARS-CoV-2 N protein, whereas
19 out of 47 (40.4%) unvaccinated participants were
negative. This showed that 79.3% and 59.6% of vac-
cinated subjects and unvaccinated participants were
positive, respectively. The average of S/P percent-
ages, which correlate to IgG against SARS-CoV-2 N
protein, were significantly higher among vaccinated
patients (73.8%) as compared to non-vaccinated

(57.1%), with p = 0.02 (Figure 4). There was a down-
ward trend in IgG antibodies against the SARS-
CoV-2 N protein with age, except for the 60-69 age
group (Figure 5). No significant difference was de-
tected among all the age groups with p > 0.05.

100
participants
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Postive IgG against SARS- Megative lgG against SARS-
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Fig. 3. Distribution of vaccination status in relation to IgG
against SARS-CoV-2 N protein among all participants
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Fig. 4. The graph shows the IgG (S/P%) among vaccinat-
ed and non-vaccinated study participants. The 1gG (S/P%)
was significantly higher among the vaccinated patients as
compared to the non-vaccinated, with p = 0.02
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Fig. 5. The graph shows the IgG antibodies among the partici-
pants distributed among different age groups. There was no
significant difference among all the age groups with p > 0.05

DISCUSSION

There is no conclusive information about antibody re-
sponses after COVID-19 infection [25-27], or among
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COVID-19-vaccinated subjects [28-30]. IgG against
SARS-CoV-2 N protein were detectable in the serum
of infected COVID-19 people [31]. Our study reported
that 28 out of 47 (59.6%) unvaccinated subjects were
positive for IgG against the SARS-CoV-2 N protein, im-
plying that they had been infected with COVID-19 be-
fore. These 28 unvaccinated individuals positive for IgG
against the SARS-CoV-2 N protein did not give con-
clusive answers as to whether they had been infected
with COVID-19 before or not. Previous study found that
76% (367/484) of recovered COVID-19 patients were
positive for IgG against the SARS-CoV-2 N protein [32].
Our study found that 19 out of 47 (40.4%) unvaccinat-
ed subjects were negative for IgG against the SARS-
CoV-2 N protein, giving two possibilities. The first is that
they have not been infected with COVID-19 before.
The second one is that they may have had COVID-19
a long time ago and the antibodies have waned. These
19 unvaccinated individuals, negative for IgG against
the SARS-CoV-2 N protein, did not also give conclusive
answers as to whether they had a previous infection
with COVID-19 or not. A recent study reported that the
rate of seroreversion at six months in mildly symptomat-
ic or asymptomatic patients is higher than in symptom-
atic COVID-19 patients [33]. Waning antibody levels in
previously infected COVID-19 patients have been pre-
viously reported [34], and this could make them prone
to reinfection again.

We found that 11 vaccinated participants were nega-
tive for IgG against the SARS-CoV-2 N protein, which
could be due to taking vaccines for more than 6 or 12
months prior to conducting the experiment. Subse-
quent antibody waning after vaccine administration
is expected, increasing the possibility of reinfection
if “booster” doses are not taken [35]. Seroprevalence
generally indicates the number of patients who had
values greater than the sensitivity threshold of the
serological test used in the specific research and
does not indicate the real number of patients who
have totally lost their immunity or antibodies [34, 36].
A recent study reported a decline in antibody levels
at twelve weeks and six months after vaccine admin-
istration, implying that the immunity waned with time
[37], and this underscores the urgent need for moni-
toring possible booster vaccines.

Dong and colleagues reported that there is an inverse
correlation between IgG titers to COVID-19 infection
and age for thoseolder than 18 years of age but a
direct correlation with age in adults [38]. Moreover,
44-66-year-old adults are likely to have high 1gG val-
ues, compared to younger adults (18-44-year-olds),
within six months following the onset of symptoms,
yet there is no difference seen at twelve months after
the onset of symptoms [39]. We noticed that there

was a downward trend in IgG against the SARS-
CoV-2 N protein with age, except for the 60—69 age
group. The reason for the high level of IgG against
SARS-CoV-2 N protein in the 60-69 age group could
be due to the fact that only 4 subjects participated
in this study, and 3 out of them were positive (S/P
% > 90%). Seroprevalence in 65-year-olds or older
persons was usually lower than in 18- to 49-year-old
persons [40]. Previous study found that the SARS-
CoV-2 IgG values exhibited a positive correlation with
age in adults and an inverse correlation with age in
pediatric populations [41]. The strongest point in our
data is that vaccinated people had higher levels of
antibodies compared to unvaccinated people. Previ-
ous study reported that there were high levels of anti-
bodies in 98% of the vaccinated cohort [42]. A recent
study found that 46% of patients with hematological
malignancy who received two mRNA vaccine doses
did not produce SARS-CoV-2 IgG and were therefore
vaccine non-responders [43].

The main strength of our study includes a clear in-
dication of the immune responses and protection
level against COVID-19 through measuring the 1gG
antibodies among vaccinated and non-vaccinated
COVID-19 subjects. However, the present study also
has limitations. First, we do not have the timeline of
COVID-19 patients or vaccinated COVID-19 people.
This means that we do not know how long they had
COVID-19 infection or were vaccinated, or wheth-
er they had the vaccine before or after COVID-19.
Previous studies showed that spike-targeting and
neutralized antibodies showed a remarkable rise in
people who administered a single vaccine shot after
COVID-19 infection, which notably surpassed values
seen in people who had only COVID-19 infection.
Second, the sample was also limited to volunteers at
the Institute of Microbiology at the University of Vet-
erinary and Animal Sciences (UVAS) in Lahore and
cannot give a clear picture of the Lahore population
or the wider population of Pakistan. Third, there was
underrepresentation of the female population, and
conclusions on gender differences in both infection
and vaccine responses require more studies. The
study focused on measuring the IgG antibody level
against nucleocapsid (IgG against SARS-CoV-2 N
protein). In future studies, IgG antibodies targeting
the SARS-CoV-2 spike, IgM antibodies, and viral nu-
cleic acids should be assessed to study the kinetics
of the SARS-CoV-2 prevalence.

CONCLUSION

The average of S/P “Sample/Positive control” per-
centages, which correlate to levels of IgG against
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SARS-CoV-2 N protein, were significantly higher
among the vaccinated patients (73.8%) as compared
to the non-vaccinated (57.1%), with p = 0.02. There
was a downward trend in levels of IgG against the
SARS-CoV-2 N protein with age, except for the 60-69
age group.

Disclosure summary: The authors have nothing to disclose.

Acknowledgments: This paper is part of the Ph.D. re-
search work of the first author (Ahmed Donia), who is ex-
tremely thankful to Professor Habib Bokhari for supervising
this work. He would like to warmly thank all staff at The
Biosafety Level-3 Laboratory for Emerging Pathogens, In-
stitute of Microbiology, University of Veterinary and Animal
Sciences (UVAS), Lahore, Pakistan, for their extreme sup-
port in carrying out this work. He would also like to warmly
thank The World Academy of Science (TWAS), Microbiol-
ogy and Public Health Laboratory, COMSATS University
Islamabad (CUI), Pakistan, and Kohsar University Murree.

Author contributions: AD and HB conceived and de-
signed the study. AD, MFS, MN, RS coordinated, carried
out the experiments, and analyzed the data. AD drafted the
original manuscript. AD, MFS, RS, AJ, MN, TY, and HB did
necessary editing of the manuscript. All authors read and
approved the manuscript.

Funding: This research received no external funding

Ethical Approval: The study was approved by the internal
review board of UVAS (with Approval No. 391). Consent
was taken from all participants enrolled in the study.

REFERENCES

1. Sharma A, Tiwari S, Deb M K et al. Severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2): a global pandemic
and treatment strategies. International journal of antimicrobial
agents, 2020, 56(2):106054.

2. Turbett SE et al. Evaluation of three commercial SARS-CoV-2
serologic assays and their performance in two-test algo-
rithms. J.Clin. microbiol. 2020, 59(1):e01892-20.

3. Mekonnen D et al. Diagnostic accuracy of serological tests
and kinetics of severe acute respiratory syndrome coronavi-
rus 2 antibody: A systematic review and meta-analysis. Re-
views in Medical Virology, 2021, 31(3):e2181.

4. Sidig Z, Hanif M, KumarDwivedi K et al. Benefits and limi-
tations of serological assays in COVID-19 infection. Indian
Journal of Tuberculosis, 2020.

5. Coste AT, Jaton K, Papadimitriou-Olivgeris M et al. Compari-
son of SARS-CoV-2 serological tests with different antigen
targets. J Clin Virology, 2021,134:104690.

6. Poljak M, Valengak AO, Stamol T et al. Head-to-head com-
parison of two rapid high-throughput automated electroche-
miluminescence immunoassays targeting total antibodies to
the SARS-CoV-2 nucleoprotein and spike protein receptor
binding domain. J Clin Virology, 2021,137:104784.

7. Zhang W et al. Molecular and serological investigation of
2019-nCoV infected patients: implication of multiple shedding
routes. Emerging microbes & infections, 2020, 9(1):386-389.

8. R. A. Perera et al. Serological assays for severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), Eurosurveil-
lance, 2020, 25(16):2000421

9. Amanat F et al. A serological assay to detect SARS-CoV-2 sero-
conversion in humans. Nature medicine, 2020, 26(7):1033-1036

10. Van Elslande J et al. Antibody response against SARS-CoV-2
spike protein and nucleoprotein evaluated by four automated
immunoassays and three ELISAs. Clin Microbiol Infect, 2020,
26(11):1557. e1-1557. e7

11. Okba NM et al. Severe acute respiratory syndrome corona-
virus 2-specific antibody responses in coronavirus disease
patients. Emerging infectious diseases, 2020, 26(7):1478

12. Wajnberg A et al. Robust neutralizing antibodies to SARS-
CoV-2 infection persist for months,” Science, 2020,
370(6521):1227-1230.

13. Deng W et al. Primary exposure to SARS-CoV-2 protects
against reinfection in rhesus macaques. Science, 2020,
369(6505):818-823.

14. Alsoussi W B et al. A potently neutralizing antibody pro-
tects mice against SARS-CoV-2 infection. J Immun, 2020,
205(4):915-922.

15. Baraniuk C. How long does covid-19 immunity last? bmj,
2021, 373.

16. Pradenas E et al. Stable neutralizing antibody levels 6
months after mild and severe COVID-19 episodes. Med,
2021, 2(3):313-320. e4.

17. Vickers MA et al. Exponential increase in neutralizing
and spike specific antibodies following vaccination of
COQVID-19 convalescent plasma donors. Transfusion, 2021.

18. Hanrath AT, Payne BA, Duncan CJ. Prior SARS-CoV-2 infec-
tion is associated with protection against symptomatic rein-
fection. J Infect, 2021, 82(4):€29-e30.

19. Hall VJ et al. SARS-CoV-2 infection rates of antibody-positive
compared with antibody-negative health-care workers in Eng-
land: a large, multicentre, prospective cohort study (SIREN).
The Lancet, 2021, 397(10283):1459-1469.

20. Chodick G et al. Assessment of Effectiveness of 1 Dose
of BNT162b2 Vaccine for SARS-CoV-2 Infection 13 to
24 Days After Immunization. JAMA network open, 2021,
4(6):€2115985-e2115985.

21. Isho B et al. Persistence of serum and saliva antibody re-
sponses to SARS-CoV-2 spike antigens in COVID-19 pa-
tients. Science immunology, 2020. 5(52).

22. lyer AS et al. Persistence and decay of human antibody re-
sponses to the receptor binding domain of SARS-CoV-2 spike
protein in COVID-19 patients, Science immunology, 2020, 5(52).

23. Padoan A et al. IgA-Ab response to spike glycoprotein of
SARS-CoV-2 in patients with COVID-19: A longitudinal study.
Clinica chimica acta, 2020, 507:164-166.

24. Secchi M et al. COVID-19 survival associates with the im-
munoglobulin response to the SARS-CoV-2 spike receptor
binding domain. The Journal of clinical investigation, 2020,
130(12).

25. Wu J et al. SARS-CoV-2 infection induces sustained humoral
immune responses in convalescent patients following symp-
tomatic COVID-19. Nature communications, 2021, 12(1):1-9.

26. Chvatal-Medina M, Mendez-Cortina Y, Patifio PJ et al. Anti-
body responses in COVID-19: a review. Frontiers in Immunol-
ogy, 2021, 12.

27. Dispinseri S et al. Neutralizing antibody responses to SARS-
CoV-2 in symptomatic COVID-19 is persistent and critical for
survival. Nature communications, 2021, 12:1-12.

28. Jalkanen P et al. COVID-19 mRNA vaccine induced antibody
responses against three SARS-CoV-2 variants. Nature com-
munications, 2021, 12(1):1-11.

34

A. Donia, M. Nawaz, M. F. Shahid et al.



29.

30.

31.

32.

33.

34.

35.

36.

Kalimuddin S et al. Early T cell and binding antibody respons-
es are associated with Covid-19 RNA vaccine efficacy onset.
Med, 2021, 2(6):682-688. e4.

Van Oekelen O et al. Highly variable SARS-CoV-2 spike anti-
body responses to two doses of COVID-19 RNA vaccination
in patients with multiple myeloma. Cancer Cell, 2021.

Batra M et al. Role of IgG against N-protein of SARS-CoV2 in
COVID19 clinical outcomes. Scientific reports, 2021, 11(1):1-9.
Tian X, Liu L, Jiang W et al. Potent and Persistent Antibody
Response in COVID-19 Recovered Patients. Frontiers in im-
munology, 2021, 12:1986.

den Hartog G et al. Persistence of antibodies to SARS-CoV-2
in relation to symptoms in a nationwide prospective study.
Clinical Infectious Diseases, 2021.

Meyer B. Waning antibodies to SARS-CoV-2-Don’t panic.
The Lancet Regional Health—Europe, 2021, 4.

Hamady A, Lee J, Loboda ZA. Waning antibody responses
in COVID-19: what can we learn from the analysis of other
coronaviruses? Infection, 2021, 1-15.

Sette A, Crotty S. Adaptive immunity to SARS-CoV-2 and CO-
VID-19, Cell, 2021.

37.

38.

39.

40.

41.

42.

43.

Naaber P. et al. Dynamics of antibody response to BNT162b2
vaccine after six months: a longitudinal prospective study.
The Lancet Regional Health-Europe, 2021, p. 100208.

Dong E, Du H, Gardner L. An interactive web-based dash-
board to track COVID-19 in real time. The Lancet infectious
diseases, 2020, 20(5):533-534.

Laing ED et al. SARS-CoV-2 antibodies remain detectable 12
months after infection and antibody magnitude is associated
with age and COVID-19 severity. medRxiv, 2021.

Bajema KL et al. Estimated SARS-CoV-2 Seroprevalence in
the US as of September 2020, JAMA internal medicine, 2021,
181(4):450-460.

Yang HS et al. Association of age with SARS-CoV-2 anti-
body response. JAMA network open, 2021, 4(3):e214302-
e214302.

Tretyn A et al. Differences in the Concentration of Anti-SARS-
CoV-2 IgG Antibodies Post-COVID-19 Recovery or Post-Vac-
cination. Cells, 2021, 10(8):1952.

Wheeler SE et al. Differential Antibody Response to mRNA
COVID-19 Vaccines in Healthy Subjects. Microbiology Spec-
trum, 2021, 9(1):e00341-21.

Seroprevalence of IgG antibodies against SARS-CoV-2...

35



