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INTRODUCTION 

The infection associated with SARS-CoV-2 causes 
both responses of T-cell and B-cell since it targets 
each viral antigen, includes the protein molecules 
referred to as spike (S) and nucleocapsid (N). The 
most widely expressed immunodominant protein is N 
protein, while S protein is essential for the worm to 
enter congregation cells. An antibody response is 
initiated after the first viral encounter and is 
stimulated by pro-inflammatory cytokines. The 
existence of these antibodies in livingliquids, for 
exampleurine, serum, plasma, human milk, saliva and 
(cerebrospinal fluid) CSF, can be accurately detected 
by specific antibody assays [1–3]. Different clinical 
information can be obtained depending on the test's 
kind, time, and fluid type tested. We will briefly 
discuss a few clinical uses of testing for anti-SARS-
CoV-2 antibodies in this review article, along with an 
eye toward the ongoing COVID-19 pandemic. 
Regardless of the severity of the disease, a number of 

studies show that the majority of immunocompetent 
individuals experience an adaptive immune reaction 
after coming into interaction with the worm. Starting 
as soon as 1-3 weeks post infection, antibodies against 
N and S proteins, includes those of the IgA, IgM, and 
IgG classes, can be seen in the serum; however, 
whereas IgM degrades quickly, IgG and IgA 
antibodies might last for long time. However, the 
precise length and the titer of anti-SARS-CoV-2 
antibody persistent in the bloodstream following 
infection clearance vary and are probably donor-
specific, in addition to being dependent on the 
severity of the disease [4,5]. More precisely, 
individuals with more severe COVID-19 have longer 
persistence and higher titers [6]. Antibody titers 
typically correspond with the severity of the illness [7-
10]. The antibody titer and how well it binds to 
particular SARS-CoV-2 antigens (such as S and N 
proteins) can be measured using a variety of tests, and 
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their specific neutralizing efficacy can also be 
ascertained. There are two main kinds of binding 
testing. Point-of-care tests are mainly horizontal 
movement strategies that identify antibodies in a 
plasma droplet and are conducted in any type of 
location, such as a nursing home, hospital ward, or 
place of employment. Specialized staff are needed for 
laboratory tests, which involve techniques like 
chemiluminescence assays (CIA/CLIA) and ELISA, 
which recognize antibodies from CSF, dried blood 
spots, plasma, or serum. The FDA (https://www.fda. 
gov/medical-devices/coronavirus-disease-2019-
covid-19-emergency-use-authorizations-medical-
devices/in-vitro-diagnostics-euas-serology-and-
other-adaptive-immune-response-tests-sars-cov-2) 
states that a total of 85 tests have gotten EUAs for 
serology. With this approval, laboratories are 
categorized into three groups: H, which are settings 
for patient care; M, It is for fulfilling the requirements 
to conduct tests with a moderate level of complexity; 
and W is for fulfilling the requirements to conduct 
tests with a high level of complexity. The capacity of 
anti-S antibodies to block the attachment of virus to 
its specific receptor, the angiotensin converting 
enzyme 2 (ACE2), and consequently entrance into 
human cells, is indicated by neutralizing assays (Fig. 
1). This category of assays includes competitive 
neutralization, virus neutralization, and pseudo-virus 

neutralization [11]. The latter type (in the plate 
format) is on a commercial basis accessible and 
simple to set up as well as carry out in a typical wet 
lab, whereas the first two take more time, specialist 
personnel, and equipment for handling pathogens. 
According to this link (https://www.fda.gov/medical-
devices/coronavirus-disease-2019-covid-19 
emergency-use-authorizations-medical-devices/in-
vitro-diagnostics-euas-serology-and-other-adaptive-
immune-response-tests-sars-cov-2), only two tests 
have gained FDA approval as of yet. Serological tests 
that be able to show humoral immune reactions beside 
SARS-CoV-2 are essential for informing public 
health professionals and guiding policy and decision-
making in the medical field. At the moment, the 
majority of antibody testing are carried out in the 
central clinical laboratory, which restricts widespread 
entry for a variety of people. Furthermore, it's critical 
to have extremely sensitive assays which can 
distinguish among vaccination and SARS-CoV-2 
infection. In order to achieve this, a number of 
cutting-edge techniques are currently being 
developed, such as a microfluidic cartridge-based 
device and a biosensor (multiplexed nanoplasmonic) 
[12, 13]. These might be used as PoC (point-of-care) 
antibody monitoring techniques, even in the non-
specialised settings like a nursing home or a 
workplace. 

Figure 1. Tests and procedures approved by the FDA. 
Higher specificity and sensitivity are obtained from 

testing using laboratory techniques, such as ELISA or 
CLIA, but point-of-care testing, such as using lateral 
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flow methods, is very helpful in specialized 
environments, such nursing homes or workplaces. 
The idea behind neutralizing antibody detection 
techniques is that antibodies have the ability to 
obstruct the RBD-ACE2 interaction. 

2. Clinical applications 

After considering the biological fluid employed and 
the analyte assessed (kind of antigen or type of Ig), 
multiple applications in clinical can be guided by tests 
for antibodies.  

2.1. The identification of acute SARS-CoV-2 

contamination would not be made with antibody 

testing 

Molecular testing, such as PCR identification of 
SARS-CoV-2 genes, is more sensitive and specific 
than antibody testing against any viral antigen. 
However, among groups that have had vaccinations, 
antibody testing may be helpful, for example, in 
identifying infected individuals. In order to achieve 
this, specific testing is being created to identify 
antibodies in the blood or saliva that are neutralizing 
the S, RBD, and N proteins at the same time [14]. 
Saliva contains SARS-CoV-2 antibodies, which are 
the initial line of defense against the infection. After 
an infection has healed, they are found in the mucosa, 
or more specifically, in saliva. It has been shown that 
even up to 1.2 yearslaterminor COVID-19, antibody 
persistence was still present in saliva and plasma [15]. 
Interestingly, compared to patients with severe 
COVID-19 symptoms, salivary IgG and IgA 
antibodies might be found earlier in milder cases [16]. 
Severe COVID-19 infection, however, resulted with 
higher blood and salivary antibody titers than mild or 
asymptomatic infections [17]. In moderate cases, 
salivary IgA titers rapidly dropped after six weeks, but 
in cases with severe COVID-19, they were still 
detectable at least week ten. To sum up, tests for both 
IgG and IgA exhibit higher levels of sensitivity as 
well as specificity when used to assess the IgG and 
IgA immune response as well as confirm recent or 
ongoing SARS-CoV-2 infections [18-21]. 

SARS-CoV-2 IgG FcγR ELISAs are another cutting-
edge technique for seroprevalence studies. This 
method carefully combines antigen-antibody binding 
in solution with isotype-specific immune complex 

detection, enabling the long-term identification of 
anti-SARS-CoV-2 IgG antibody responses within 
populations with a challenging immunological 
background and/or where S-protein-based 
vaccination regimens have been introduced [22]. 
Additionally, antibody testing may be helpful for the 
poorly defined clinical condition known as long-
COVID detection. The findings highlight the 
difficulty in diagnosing protracted COVID-19 
infections and how this difficulty is exacerbated in a 
large number of patients who were not examined 
during their acute sickness and/or do not have SARS-
CoV-2 antibodies [23]. It's been demonstrated, 
specifically, that 42%–53% of people with lengthy 
COVID exhibited detectable SARS-CoV-2 specific T 
cell responses even though they did not have 
detectable SARS-CoV-2 antibodies. Furthermore, 
using techniques from machine learning that the input 
parameters like serum pro-inflammatory, anti-
inflammatory, antiviral, as well as antiviral cytokine 
measurements as well as anti-SARS-CoV-2 antibody 
measurements, patients admitted to hospitals can be 
divided into both low and high-risk clinical categories 
with different cytokine and antibodies profiles that 
can guide personalised therapy [24]. In light of the 
global anti-COVID-19 immunization effort that is 
currently underway in several nations, tracking 
breakthrough infections is also quite important. As the 
primary sero-surveillance target to date, the S protein, 
is targeted by COVID-19 vaccines to elicit immune 
responses, other targets are being investigated to 
differentiate vaccination from illness. In the first two 
months after the start of symptoms, the compassion of 
N seropositivity for theminor COVID-19 was 85%; 
however, in those who did not exhibit symptoms, the 
sensitivity was lower at 67%. Serological reactions to 
the N may be useful in diagnosing of infections by 
SARS-CoV-2 after vaccination, as N-specific IgG 
concentration was not changed by immunization in 
the infection-naïve individuals [25]. Similarly, the 
attainment of N antibody detection was examined in 
the Canadian cohort of adult paramedics in order to 
determine prior infections by COVID-19 and 
compare variations between vaccinated volunteers 
and untreated volunteers. It was discovered that, in 
order to attain the best outcomes from the tests, the 
vaccinated and untreated groups need distinct criteria, 
particularly when it comes to identifying SARS-CoV-
2 infections during the previous nine months [26]. 
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2.2. Antibody analysis to gauge the severity of an 

illness and provide personal defense against 

occurrence and recurrence 

Several studies use anti-SARS-CoV-2 serologic 
reactions to prophesy the rigorousness of COVID-19 
in persons who have not received vaccinations. In 
order to do this, evaluations have been made of the 
serological response kinetics and the relationship 
among antibody titers and disease prognosis. It has 
been shown that for patients who need additional 
oxygen, antibody titers increased gradually over a 
period of up to three weeks after the onset of 
symptoms. Antibody titers were significantly greater 
for individuals who required invasive ventilation [13]. 
Serology worked well in anticipating the need for 
invasive ventilation, and antibody titers at admission 
were also significantly higher in critically sick 
patients [27]. High IgG levels against S were shown 
to be negatively connected with function of 
pulmonary and the degree of lung CT abnormalities, 
but favorably correlated with the biomarkers of 
immunological inflammation and activation, 
according to a different study that produced similar 
results. Hence, it was suggested that S-specific IgG 
levels serve as a useful immunological surrogate 
marker to recognise people who may need close 
monitoring following COVID-19 and who are at risk 
for chronic lung injury [28]. In the context of 
protection, vaccine recipients were evaluated in the 
coronavirus efficacy (COVE) phase 3 clinical trial for 
their ability to neutralize and bind circulating 
antibodies as indicators of protection and risk for the 
COVID-19 disease. Antibodies were measured four 
weeks after the first immunization and at that time as 
well. The study revealed that individuals who had 
post-vaccination 50% neutralization titers of the 
projected vaccine efficacies for 10, 100, and 1000 
were 78%, 91%, and 96%, respectively. This indicates 
the neutralizing activity measurement is a reliable 
indicator of efficacy of vaccine and can assist in 
developing vaccination regimens [29]. Many projects 
are in motion to offer lateral flow PoC (Point of Care) 
assays with the ability to quantify RBD-ACE2 NAb 
(neutralizing antibody) levels by whole blood, with 
results which can be seen or measured quantifiably on 
a tiny device [30]. The community is operating under 
the premise which neutralization serves as a stand-in 
for real protection.  The finding that these tests can 

exhibit a strong association with traditional 
neutralization testing is also noteworthy [31]. 
Compared to their peers who were not vaccinated, 
recovering entities who had improved from COVID-
19 previously had stronger immune responses 
following vaccination (hybrid immunity); however, it 
is still unknown how breakthrough infections after 
immunization will impact the humoral immunological 
response and expected protective levels. 104 
vaccinated people, including those with breakthrough 
infections, hybrid immunity, and no history of 
infections, had their neutralizing antibody responses 
evaluated. in a study that addressed this. It was 
demonstrated that vaccination following a natural 
infection and immunological sera following a 
breakthrough infection both widely neutralise 
variations of SARS-CoV-2 to a comparable extent. 
These findings imply the fact, whether or not 
vaccination occurs before or after, increased being in 
contact with antigens originating via spontaneous 
infection significantly increases the amount, the 
extent and character of the humoral immune response 
[32]. However, more research on the molecular 
aspects of hybrid immunity is necessary in the future. 
Omicron variants differ from the original SARS-
CoV-2 mutations in a few key ways. As a result, 
individuals infected during the initial COVID-19 
wave were protected against reinfection with omicron 
by 18.0% to 69.2%, depending on their particular 
characteristics [33]. According to studies along the 
same lines, vaccination in conjunction with the 
Omicron/BA.1 infection Probably resistant to Delta 
and other variations is hybrid immunity. This is 
because it shows how much protection against the 
formerly dominant Delta variant is elicited by 
omicron infection, regardless of past immunisation 
status. On the other hand, even with considerable 
increase, infection via Omicron/BA.1 alone provided 
only a restricted cross-VoCs safety [34]. Remarkably, 
extended investigations (to a maximum 18 months) 
have demonstrated circulating antibodies even in 
cases of minor illness, suggesting that the more 
research is needed to understand the specific 
immunological processes governing persistence [35]. 
Furthermore, patients with more severe forms of the 
condition have been observed to have larger titers of 
antibodies, as previously mentioned. In contrast to 
asymptomatic patients, same high titers were also 
found in deceased patients, suggesting that a fatal 
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infection is not linked to a compromised humoral 
response [36]. 

3. Antibody analysis to evaluate 

immunosuppressive medication properties and 

adjust treatment regimens to provide the best 

possible vaccination response in susceptible 

populations 

Although this response is frequently age- and gender-
specific and diminishes over time, healthy individuals 
react to full vaccinations satisfactorily [37–40]. 
Nonetheless, following immunization, binding or 
deactivating antibody reactions in healthy individuals 
are diminished against certain mutations, particularly 
omicron; for this reason, giving a booster dose is 
beneficial [41–44]. Numerous research have been 
carried out to far to deal with the matter of vaccination 
in response in people using immune-stimulating 
medications. The primary metric employed in the 
investigations that follow, with the exception of a few 
that we specifically mention using a neutralizing 
assay, is binding titers against S protein. Given that 
both types of procedures have FDA approval, using 
either ELISA or electrochemiluminescence has 
equivalent value from a methodological standpoint. 
Patients with cancer, multiple sclerosis, and 
rheumatic disorders are included in studies after 
immunosuppression. It has been shown that patients 
with inflammatory bowel disease who were using 
routinely used immunosuppressive medications had 
different COVID-19 vaccine-induced antibody 
responses. More precisely, participants who were 
healthy controls were recruited from nine UK sites, 
together with individuals on one of six different 
immunosuppressive therapy regimens: tofacitinib, 
vedolizumab, ustekinumab, infliximab, or thiopurines 
with infliximab. Antibodies were tested 53–92 days 
after the second dosage of the COVID-19 vaccine, 
which was administered to eligible participants in two 
doses. Depending on the medication, COVID-19 
vaccines differed in their immunogenicity and were 
reduced in those taking tofacitinib, infliximab, or 
thiopurines with infliximab [45]. Another prospective 
observational multicenter study revealed a 
considerably reduced reaction from neutralising 
antibodies in individuals as opposed to control. 478 
patients with Cryoglobulinemic vasculitis and 
systematic lupus erythematosus (SSc), rheumatoid 

arthritis (RA), as well as 13 other systemic vasculitis 
patients were included in the study. A higher 
frequency of vaccination non-response was linked to 
patients receiving rituximab, mycophenolate-mofetil, 
or glucocorticoids [46]. Furthermore, it has been 
demonstrated that methotrexate (MTX) therapy for 
autoimmune rheumatic illnesses decreases the 
immunogenicity of the SARS-CoV-2 immunization 
in a manner that is age-dependent. It has been 
proposed that in patients older than 60, retaining MTX 
for a minimum of 10 days following immunization 
greatly enhances the antibody response [47]. Another 
research of patients receiving continuous rituximab 
treatment indicates that only 36% of the patients 
experienced seroconversion following immunization, 
indicating that the anti-CD 20 monoclonal antibody 
rituximab reduces the effectiveness of vaccinations 
[48]. Interestingly, B-cell depleted patients in ANCA-
associated vasculitis patients exhibited a comparable 
vaccination-induced antigen-specific T-cell response, 
even in the absence of a discernible humoral 
immunological response, in both B-cell cured patients 
and normal controls [49]. In an upcoming cohort 
study, participants receiving rituximab for RA were 
given a third dose of the vaccination if their 
serological responses to the first two were 
insufficient. This was done to examine whether giving 
more doses of the vaccine could affect this outcome. 
Although a strong serological response was not 
elicited by this third dosage given between six and 
nine months following a rituximab infusion, it was 
thought to enhance the immunological response of 
cellular T-cells [50]. The 6-month gap between 
therapy and immunization has to be reevaluated in 
light of these rituximab-treated patient studies [51].  
In a similar vein, the amount of antibodies in 
individuals with MS (multiple sclerosis) receiving 
anti-CD20 medication (ocrelizumab or rituximab) 
were evaluated. After the first, second, and third 
vaccinations, it was discovered that 14.0%, 37.7%, 
and 33.3% were seropositive; however, there was no 
difference in antibody levels following the third and 
second doses. These results point to the necessity of 
developing treatment plans that provide B cell 
reconstitution prior to increasing immunization [52]. 
Patients using anti-CD20 monoclonal antibodies had 
the lowest seroconversion in a multicenter 
prospective trial of MS patients, with patients using 
sphingosine-1-phosphate receptor modulators coming 
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in second [53]. Two additional studies [54] 
independently confirmed this finding. One of these 
studies was a sizable one from Israel, which not only 
demonstrated that patients treated either fingolimod 
or ocrelizumab showed decreased humoral responses. 
However, fingolimod also inhibited cellular immune 
responses, despite no improvement seen after the third 
boosting dosage. Even yet, vaccination after more 
than five months from the date of ocrelizumab 
infusion was linked to improved seropositivity [55], 
and CD4+ and CD8+ T-cell responds were 
maintained [56, 57]. After receiving two doses of the 
mRNA-1273 or BNT162b2 vaccination, 130 patients 
receiving haemodialysis, and 13 patients receiving 
peritoneal dialysis had their plasma samples 
evaluated. Although low-level or undetected IgG 
antibodies against S were present in 35% of patients, 
49% and 77% of patients had low or undetectable 
neutralising antibodies against both vaccine-matched 
SARS-CoV-2 and Delta, respectively. In these 
situations, it's important to regularly track antibody 
responses in order to determine the most effective 
preventative and/or therapeutic approach [58]. 
Vaccination efficacy may be compromised in patients 
following transplantation of allogeneic stem cells, 
contingent upon the degree of restoration of the 
immune system. It's been demonstrated that the 
majority of patients 138 out of 182 individuals, or 
75.8% did generate a high antibody titer; this actual 
world investigation demonstrated that the majority of 
patients respond to mRNA vaccinations in a 
satisfactory way, despite the fact that patients having 
transplanting allogeneic stem cells has not been 
included in the first registration studies [59]. 
Conversely, following a routine two-dose 
immunization, recipients of seroconverted kidney 
transplants demonstrated poor neutralization against 
developing variants of concern [60]. IgG levels rose 
in response to each S epitope under investigation 
considerably in liver transplant recipients in contrast 
to those who received kidney transplants after 
immunisation, according to a comparison of kidney 
and liver transplant patients. It appears that patients of 
liver transplants respond more strongly to 
immunization than recipients of kidney transplants to 
vaccination; this difference in immunosuppression 
may not fully account for this occurrence [61]. Tests 
were conducted to determine if circulating antibodies 
bound to RBD one month following the first and 

second doses of the COVID-19 immunisation, and 
again three months following the second dosage, in 
people living with HIV (PLWH) who are on 
suppressive antiretroviral treatment. It was 
demonstrated that after receiving simultaneous 
COVID-19 immunization, PLWH with healthy CD4+ 
T-cell numbers and well-managed viral loads 
typically developed robust first humoral responses 
[62].  

COVID-19-positive cancer patients generally have 
lower survival rates. The rates of seroconversion were 
reduced or even negligible in patients with 
haematological malignancies., whereas the majority 
of Cancer sufferers possess a nearly 100% rate of 
seroconversion following immunisation against 
SARS-CoV-2 infection. After two vaccine shots, 
90.3% of people were seropositive in 515 cancer 
patients, according to a Florida study [63]. However, 
in patients with solid tumours (98.1%) was higher 
than in those with haematologic cancer (84.7%), and 
in patients via lymphoid cancer (70.0%), it was lower 
still. considerably, compared to individuals 53.3 
percent had received treatment six to 24 months 
earlier. or those who (94.2%) never had anti-CD20 
medication, patients who received immunization 
within 6 months of anti-CD20 monoclonal antibody 
treatment had a considerably lower seroconversion 
(6.3%). The concept of immunogenicity was 
evaluated in 85 patients Immunocheckpoint inhibitors 
(ICIs): an array of well-established malignancies in 
another prospective observational trial. The second 
dose resulted in a significant increase in 
seroconversion rates despite the relatively weak 
responses after the priming dose, the delivery of the 
third booster dose significantly enhanced the 
responses of antibodies [64]. Comparably, 76.3% of 
patients with hematologic malignancies established 
humoral immunity, and 79% of them had a cellular 
response in a cohort of patients. An inferior humoral 
response was linked to hypogammaglobulinemia, 
lymphopenia, active hematologic treatment, and anti-
CD20 therapy within the preceding six months. 
Patients receiving anti-CD20 therapy showed a 
considerable distinction between the cellular and 
humoral reactions; in these cases, the cellular 
response was 71.1% and the humoral response was 
17.5%. T-cell numbers were maintained in these 
patients despite the confirmation of B-cell aplasia 
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[65]. Lastly, following two doses of the BNT162b2 
mRNA vaccine, considerably reduced anti-S 
antibodies against the strain of Wuhan were observed 
in a group of individuals who had either received 
CAR-T cells or a bone marrow transplant, with 
correspondingly reduced cross-recognition between 
the proteins, Beta, and Delta Omicron S-RBD and 
Omicron S-RBD. The Omicron variant was not 
neutralized by either cohort, whereas the Delta 
variations and the wildtype WA1 were [66] each batch 
rendered the wildtype ineffective. Following 
immunization, Additionally, the neutralising antibody 
titers were measured in patients suffering from 
Waldenström macroglobulinemia (WM) or multiple 
myeloma (MM). Even after two booster shots, 
patients with MM, particularly those receiving anti-
CD38 or anti-BCMA therapy, had reduced levels of 
neutralizing antibodies against SARS-CoV-2 [67–
70]. Race, illness, vaccine, and treatment features all 
have an impact on vaccine-mediated antibody 
production in multiple myeloma (MM) [71]. 
According to the research, patients with WM who 
received either a single dose of the AZD1222 vaccine 
or two doses of the BNT162b2 vaccine produced 
fewer neutralizing antibodies than controls. 
Furthermore, even after a booster dose of the vaccine, 
active treatment with rituximab or Bruton's tyrosine 
kinase inhibitors has been shown to be an independent 
predictor of inadequate antibody response following 
immunization [72, 73]. The rates of seroconversion 
were 100% and 94.7%, respectively, in patients with 
myeloid malignancy, which included 23 patients with 
myelodysplastic syndrome (MDS) and 46 patients 
with acute myeloctic leukemia (AML), with no 
discernible variation from healthy controls. However, 
compared to healthy controls or AML patients, 
patients with MDS had a noticeably reduced antibody 
titer. According to this study, individuals with 
myeloid cancers may respond better to vaccinations 
than those with lymphoid cancers [74]. Evidence 
supports the administration of a third dose of the 
vaccination in patients with multiple myeloma, B cell 
non-Hodgkin lymphoma, or chronic lymphocytic 
leukemia, even though some of these individuals may 
still exhibit vaccine failure [75]. Lastly, in a different 
cohort of patients with lymphoma who have received 
full vaccination against CD20 treatment, their CD8+ 
T-cell responses attain comparable frequencies and 
magnitudes to those of controls, even though these 

patients do not exhibit humoral immune responses 
[76]. Overall, it is evident that a poor immune 
response to vaccination may be predicted by the 
subtype of hematologic malignancy and B-cell 
depleting medication. Monoclonal antibodies and 
antiviral medications have recently become accessible 
for the early treatment of COVID-19 as well as for 
prevention prior to or following exposure. Patients 
with hematologic malignancies who are at high risk 
for severe COVID-19 and vaccination non-responders 
should be offered these medications [77, 78]. 
Research indicates that those undergoing 
immunosuppressive therapies or suffering from 
hematologic malignancies might require extra doses 
of vaccinations [63]. Clearly, recommendations are 
needed to differentiate patients with hematological 
malignancies from those in an immunocompromised 
state, and to guide vaccination regimens and 
preventative measures in oncology patients [79]. 

4. Public health policy at the population level or in 

specific situations can be informed by antibody 

testing to evaluate seroprevalence in the 

community following infection and/or 

immunization 

To acquire precise epidemiological data regarding the 
COVID-19 pandemic, surveillance testing is 
necessary for making public health decisions. 
Random sampling of a population can be used in 
surveillance tests to ascertain incidence and 
prevalence. Therefore, tests must be able to 
distinguish between immunity resulting from 
vaccination and immunity resulting from current 
illness. The accurate assessment of infection rates at 
the population level might provide valuable insights 
into the efficacy of pandemic containment strategies, 
such as social distance and vaccination. Similar to 
this, significant locations like hospitals, nursing 
homes, crucial businesses, and universities can 
conduct these serological surveys [80-82]. In terms of 
methodology, these studies use FDA-approved assays 
for anti-S or anti-RBD determination, unless 
otherwise indicated. 

4.1. Research on populations 

Interesting population-level statistics came from 
Australia. The first six months of the pandemic saw 
the only COVID-19 epidemic to affect the entire 
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country of Australia as of mid-2021. The largest 
national SARS-CoV-2 seroprevalence survey 
conducted in Australia found that, out of 11,317 
specimens, only 71 were positive for SARS-CoV-2-
specific antibodies, and none of the seropositive 
specimens had neutralizing antibodies. This finding 
underscored the population's lack of exposure to the 
virus and the urgent need for vaccine protection [83]. 
In a different nationwide study conducted in Mexico 
using 9640 blood samples, seroprevalence was 
calculated based on demographic and socioeconomic 
factors. The seroprevalence in the country was 24.9%, 
with a lower rate for those over 60. Urban and 
metropolitan locations, poor socioeconomic level, 
low education, and workers all showed higher 
seroprevalence. 67.3% of seropositive individuals had 
no symptoms. These findings indicated that social 
distance, lockdown procedures, and immunization 
campaigns should take into account the fact that 
vulnerable populations are more likely to contract the 
virus [84]. Following each significant wave of the 
COVID-19 pandemic, a prospective cross-sectional 
investigation was carried out to determine the 
frequency of unidentified SARS-CoV-2 infection in 
Hong Kong's general population. There were 4198 
participants in the study. Anti-SARS-CoV-2 IgG 
positivity was confirmed in just six patients; the 
adjusted frequency of undetected infection was 
0.15%. When these results were extrapolated to the 
entire population, they showed that for every 
confirmed case that was reported, there were less than 
1.9 unknown infections, and the overall prevalence of 
SARS-CoV-2 infection in Hong Kong prior to the 
immunization program was estimated to be less than 
0.45% [85]. A total of 110,000 adults (16 years of age 
or older) were randomly chosen between November 
and December 2020 (before to the launch of the 
vaccination) for a population-based cross-sectional 
study in Norway. They were asked to fill out a 
questionnaire and donate a dried blood spot sample. 
The adjusted and weighted seroprevalence for the 
country was 0.9%. Seroprevalence in this paradigm 
was equivalent to instances identified by virology 
[86]. A serosurvey was carried out in Greece from 
March to December 2020. It was intended to be a 
cross-sectional survey that was conducted once a 
month. 705 (1.26%) of the 55,947 serum samples that 
were obtained tested positive for antibodies; in 
December 2020, a greater seroprevalence of 9.09% 

was noted. Elevated seroprevalence levels were seen 
in highly populated urban regions in comparison to 
the national average [87]. It's interesting to note that 
ethnic minority groups have been diagnosed with 
SARS-CoV-2 more frequently in high-income 
nations, according to surveillance data. The 
cumulative incidence of SARS-CoV-2 was assessed 
in six ethnic groups in Amsterdam, the Netherlands, 
in order to test this further. The cumulative SARS-
CoV-2 incidence was higher in participants with 
South Asian, African, Turkish, Moroccan, and 
Ghanaian backgrounds than in persons with Dutch 
origins (15⋅9%). Additionally, the main ethnic 
minority groups in Amsterdam had greater incidence 
of SARS-CoV-2, especially during the second wave. 
The seroprevalence of SARS-CoV-2 antibodies might 
potentially provide important epidemiological data 
regarding the dynamics of population infection [88]. 
In order to evaluate the changing SARS-CoV-2 
seroprevalence associated with Belgium's first 
national lockdown, a statewide seroprevalence 
research was carried out across seven periods, 
utilizing 3000–4000 leftover samples. The three-week 
lockdown saw a rise in seroprevalence from 1.8% to 
5.3% (lockdown to begin in mid-March 2020). 
Seroprevalence then leveled off. According to this, 
throughout the lockdown, a tiny but growing 
percentage of Belgians had serologically detectable 
symptoms of SARS-CoV-2 exposure. When 
confinement restrictions were loosened and the entire 
lockdown was released, this fraction did not grow any 
more [89]. A cross-sectional study of seroprevalence 
across the federal states of Germany, called 
SaarCoPS, was conducted. They calculated that the 
adult infection rate, including senior persons, was 
1.02%, the underreporting rate was 2.68 times higher, 
and the infection fatality rate was 2.09%. These kinds 
of research are crucial because they can offer a useful 
starting point for assessing the dynamics of upcoming 
pandemics and the influence of public health 
initiatives on the spread of viruses and public health 
[90]. Along with other investigations, these have also 
been reported from Malawi and Cyprus [91, 92]. 
These kinds of studies can assist in determining how 
to plan booster doses and build COVID-19 vaccine 
regimens that take past SARS-CoV-2 infection and 
time since immunization into account [93]. 
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4.2. Studies in specialized settings, hospitals, and 

medical personnel  

Healthcare workers (HCW) in two Irish hospitals had 
a seroprevalence of SARS-CoV-2 in October 2020 of 
15 and 4. 1%, respectively. Six months later, when 
anti-nucleocapsid and anti-spike antibodies were 
measured in the same HCW population, 
seroprevalence rose to 21 and 13%, respectively; 26% 
of infections remained undetected. Of the participants 
who received all vaccinations, 23 out of 4111 (0.6%) 
suffered breakthrough infection; all of them had anti-
S antibodies [94]. In Sweden, healthcare workers who 
provide care to patients with COVID-19 have a 
greater incidence of SARS-CoV-2 infection than 
blood donors. This Swedish study suggested using 
multiple serological targets to confirm previous 
infection because it found significant difference 
between different IgG assays. According to their 
findings, CD4+ T-cell reactivity is not a good 
indicator of prior infection and does not always mean 
that naive people are immune to infection [95]. In 
Switzerland, healthcare workers who had direct 
contact with COVID-19 patients showed a marginally 
elevated absolute risk of seropositivity in contrast to 
those who did not, indicating the efficacy of personal 
protective equipment (PPE) and other interventions 
aimed at lowering nosocomial viral transmission. The 
analysis revealed that the highest likelihood of 
seropositivity was associated with home contact with 
known COVID-19 individuals [96].  Research using 
comparable designs have been reported from several 
locations worldwide. True infection rates can be 
ascertained by referring to a study [97] conducted on 
hospital personnel in Colombia, where 
seroprevalence was shown to be greater than the 
detectable prevalence of acute infections. These 
studies have also been utilized to identify the subset 
of healthcare providers most at risk for infection, with 
results indicating that individuals working in acute 
medical units and closely interacting with COVID-19 
patients were more vulnerable to infection [98]. This 
also applied to a hospital in Belgium, where 
seroprevalence was higher in individuals who handled 
respiratory specimens, were in contact with patients 
or COVID-19 confirmed subjects, or who reported 
having an immunodeficiency or an ongoing 
hematological malignancy [99]. Similar results were 
observed in a Greek tertiary hospital, where 

physicians who interacted with patients were 
naturally more exposed to infection [100]. In order to 
ascertain the method of nosocomial infection, 685 
healthcare workers were enlisted at a Japanese 
hospital prior to receiving the anti-COVID-19 
vaccine. Compared to HCWs working in non-
COVID-19 wards, positive rates for those employed 
in COVID-19 wards were noticeably higher. It was 
calculated that the rate of total silent infection was 
6.0% by deducting the positive rates of PCR from the 
IgG (RBD) rates [101]. In a cross-sectional 
investigation conducted by medical staff at a 
University Hospital in Munich, Germany, 2.4% of 
4554 patients had an overall seroprevalence of SARS-
CoV-2-IgG. Those who provide direct patient care, 
such as those employed in COVID-19 units, are 
equally likely to test positive for antibodies as those 
who do not deal directly with patients. A higher 
likelihood of infection was noted in employees who 
reported contact with SARS-CoV-2-positive 
colleagues, personal acquaintances, or interaction 
with COVID-19 patients without the proper personal 
protection equipment [102]. Six to eight months after 
the second dose, 535 vaccinated healthcare workers 
from Israel with known prior infection status had their 
SARS-CoV-2 anti-S-IgG levels measured. It was 
found that, when interpreted in conjunction with 
vaccination timing, anti-S serological assays could 
confirm or rule out prior infections within the 
preceding three months [103]. Using a different 
methodology, infection rates were determined in fixed 
cohorts using >90,000 app-based dataset and 1% of 
the local population tested for antibodies using PCR. 
A 300,000-person catchment region was surveyed for 
the study. Seropositivity risk was shown to be higher 
in a number of high-exposure categories, including 
nurses. The greatest risk factor was, as would be 
predicted, contact with a COVID-19-affected person; 
infection rates were unaffected by using public transit, 
having children enrolled in school, or traveling [104]. 
Health professionals at five public hospitals spread 
across several Ethiopian areas had their 
seroprevalence evaluated. There were 1997 sera 
gathered in all. 39.6% was the total seroprevalence. 
Of the 821 HCWs who tested positive for COVID-19, 
224 had a history of symptoms that were compatible 
with the virus, whereas 436 had neither a history of 
COVID-19-like symptoms nor contact with COVID-
19 cases. These results underscore the noteworthy 
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amount of asymptomatic infection load in Ethiopian 
hospitals and could be indicative of the extent of 
transmission in the broader populace [105]. The 
canton of Fribourg tested the seroprevalence of 
children under the age of six in another vulnerable 
demographic. There were 871 kids in all, with a 33-
month median age; 412 (47%) of them were girls. 
Intotal, 180 (21%) of children were seropositive. The 
primary exposure risk was the number of family 
members who tested positive for SARS-CoV-2 (PCR 
test); family size did not correlate with an increased 
risk of infection. Neither the number of contacts in 
extra-familial care nor extra-familial care itself raises 
a child's likelihood of being SARS-CoV-2 
seropositive [106]. This strategy may be helpful for 
vulnerable groups, such as those who are homeless 
(PEH). According to a Danish study, PEH and related 
shelter workers had a prevalence of SARS-CoV-2 
antibodies that was more than twice as high as the 
general population. The phase at which PEH should 
be eligible for a vaccine could be determined by 
taking these results into account [107]. Nursing 
facilities are a vulnerable population as well. In a 
study conducted in Flanders, Belgium, seroprevalence 
was found among staff and residents who were chosen 
at random from 20 nursing facilities spread out 
geographically. Throughout the 20 assisted living 
facilities, the seroprevalence ranged from 0.0% to 
45.0%. According to this study, SARS-CoV-2 affects 
nursing homes more frequently than the general 
public. The observed wide range indicates that 
epidemiological data in specialized settings should be 
evaluated cautiously and raises the possibility that 
some risk factors for the spread among residents and 
staff may be related to the nursing home itself [108]. 
In a different Danish study, the seroprevalence of 
SARS-CoV-2 was three times greater in residents of 
low-socioeconomic social housing areas than in the 
Danish community as a whole. Males had a 
substantially greater seroprevalence, which grew 
marginally with age. Being seropositive was strongly 
associated with living in a household with more than 
four people or in a household with several generations 
[109]. 

5. Using inflammatory indicators and anti-SARS-

CoV-2 antibodies in CSF as a substitute for long- 

and neurological-COVID 

Assessing neurological illness linked to COVID-19 is 
another enlightening clinical use of anti-SARS-CoV-
2 antibody testing. Antibodies in the CSF were 
evaluated in order to look into the pathophysiological 
cause of encephalopathy and extended comatose or 
stuporous state in many sick COVID-19 patients. 
Anti-SARS-CoV-2 antibodies were detected in the 
CSF of all eight patients analyzed, and four of the 
eight had high titers, which were equivalent to high 
serum values. This suggested a breakdown of the 
blood-brain barrier (BBB), which probably made it 
easier for cytokines and other inflammatory mediators 
to enter the central nervous system (CNS) and 
increased neuroinflammation and neurodegeneration 
[3]. In a related investigation, 16 individuals with 
neurological complaints had their serum and CSF 
samples tested for COVID-19 antibody responses. In 
serum, 81% of patients had S-specific IgG, while in 
CSF, 56% of patients had it. Interestingly, anti-SARS-
CoV-2 antibodies were present in the CSF of all 
patients with elevated markers of CNS damage; 
furthermore, anti-SARS-CoV-2 CSF antibodies had 
the highest predictive value for neuronal damage 
compared to all tested clinical variables and 
biomarkers [110]. Levels of IgGs in both serum and 
CSF were also associated with the severity of the 
disease. Pro-inflammatory cytokines (IL-6, TNFα, IL-
12p70) and IL-10 were only elevated in the CSF of 
stroke COVID-19 subjects in a cross-sectional study 
of CSF neuro-inflammatory profiles from 18 COVID-
19 subjects with neurological complications (stroke, 
encephalopathy, headache); a similar increase was 
also noted in non-COVID-19 stroke subjects. While 
there was no evidence of SARS-CoV-2 viral RNA, 
anti-SARS-CoV-2 antibodies were found in the CSF 
of 77% of COVID-19 patients with severe disease, 
and CSF-CRP was found in all subjects with critical 
stages of COVID-19 (7/18) but only in 1/82 controls 
[111]. In a different investigation, anti-neuronal and 
anti-glial autoantibodies were examined in blood and 
CSF samples from 11 extremely sick COVID-19 
patients who had unexplained neurological symptoms 
like myoclonus, oculomotor dysfunction, delirium, 
dystonia, and epileptic seizures. Anti-neuronal 
autoantibodies were detected in serum or CSF from 
all patients; the antigens included unique, yet-to-be-
identified epitopes as well as recognized intracellular 
and neuronal surface antigens. It was discovered that 
these antigens localized in the olfactory bulb, 
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hippocampal, neuropil, and vascular endothelium of 
basal ganglia. Confirmation is still needed for the 
theory that some COVID-19-induced autoantibodies 
might be hiding in plain sight because of possible 
molecular mimicry of SARS-CoV-2 proteins with 
human polypeptides. Certain features of multi-organ 
disease in COVID-19 may be explained by any kind 
of autoantibody [112]. Upon isolating CSF-derived 
monoclonal antibodies from a patient afflicted with 
severe COVID-19, it was shown that these antibodies 
specifically targeted neural and antiviral antigens, 
with one clone reacting to both spike protein and 
neural tissue [113]. Interestingly, no autoantibodies 
were found in a separate group of sixty prospective 
individuals with severe COVID-19 and 
encephalopathy. The cytokines IL-18, IL-6, and IL-8 
were higher in both the serum and CSF of these neuro-
COVID-19 patients, however only the CSF showed 
an increase in MCP1, and the serum alone showed an 
increase in IL-10, IL-1RA, IP-10, MIG, and NfL. 
During the next 18 months, there was a strong 

correlation between the degree of neurologic 
dysfunction in everyday activities and the levels of 
14-3-3 and NfL in CSF [114]. When taken as a whole, 
these data do not support either particular 
neuroinflammation or direct SARS-CoV-2 infection 
of the central nervous system as the pathophysiology 
of neurological problems in COVID-19 [115]. 
Therefore, it is still unclear what the function and 
potential neurological cross-reactivity of CSF anti-
SARS-CoV2 IgG antibodies are. When intrathecal 
inflammation is absent, evidence from CSF profile in 
COVID-19 patients with neurological symptoms 
primarily points to BBB breakdown, which is 
consistent with cerebrospinal endotheliopathy. Since 
both acute symptoms and long-term COVID-19 
symptoms may be influenced by ongoing BBB failure 
and elevated cytokine levels in that setting [116, 117], 
measuring anti-SARS-CoV-2 circulating IgGs in the 
CSF probably offers a trustworthy biomarker for the 
onset of long-term COVID-19 symptoms. 

Table 3: Research on neutralizing monoclonal antibodies for Active and passive immunization against 

SARS 

Antibody type and production 

process 

Viral challenge, animal, and dosage of 

passive immunization 

References 

IgG1 is a human monoclonal antibody. 
Epstein-Barr virus immortalization of 

SARS patients' memory B cell 
repertoire enhanced by CpG2006. 

BALB/c mice. Intraperitoneal administration 
of a monoclonal antibody two days before the 
intranasal challenge with 104 TCID50 SARS-

CoV. 

 

IgG1 is a human monoclonal antibody. 
Naive antibody phage display library 

IgG1 is screened. 

Ferret. Twenty-four hours prior to intratracheal 
challenge with 104 TCID50 of virus, 10 mg/kg 

of monoclonal antibody was given. 

 

6. SUMMARY 

Anti-SARS-CoV-2 antibody analysis(testing) will 
continue to be a vital tool as the pandemic progresses 
and new strains appear. As previously mentioned, 
useful information on disease prediction, preclusion, 
epidemiology, and care for immunocompromised 
individuals and sensitive groups (e.g., the hospitalized 
or elderly) can be collected with caution and precision 
through testing. Furthermore, as variants of concern 
are likely to continue to emerge, identifying distinct 
serotypes based on the humoral unaffected response 
provides additional tools for the ongoing worldwide 
endeavor. Certain antibody tests are less sensitive 
against Omicron because of antigenic traits that 

clearly differentiate it from earlier SARS-CoV-2 
variations, according to the paradigm (and substantial 
evolutionary leap) of Omicron strain with its 
subvariants. While monitoring humoral immune 
responses in individual patient’s aids in illness 
prediction, testing updates as needed will ensure that 
we preserve the ability to track SARS-CoV-2 
seroprevalence in the population post-infection and/or 
vaccination. It is important to note, however, that the 
titers of circulating antibodies cannot completely 
predict an individual's level of protection against 
reinfection with a current or new strain due to the 
acquisition of memory (B- and T-) immune cells 
following infection and/or vaccination. Furthermore, 
it is important to remember that tissues, particularly 
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the mucosa, rather than blood, are the primary 
locations of mounted immunological responses 
following microbial or viral infection. As such, it is 
not appropriate to overestimate the role of circulating 
antibodies in forecasting general immunity and 
defense against illnesses in the future. 
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