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Abstract

Background: SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) is a novel
coronavirus that has recently emerged and is causing a human pandemic. Despite the quick
development of molecular diagnostic methods, validated serologic assays are necessary for
detection, vaccination response study and epidemiological research. Our study's primary goal was
to clone surface and membrane SARS-CoV-2 protein and use them to create an indirect ELISA so
that we could screen immunity both qualitatively and quantitatively using the ELISA assay.

Methods: Membrane (M) protein and spike (S) protein of SARS-CoV-2 were cloned using
Pet28-a vector in BI21 E. coli bacterial cells, then ELISA assay done step by step and adjusted in
the lab to test the collected samples from infected, vaccinated and non-vaccinated patients using
the newly expressed protein antigens in ELISA.

Result: our study resulted in cloning of surface and membrane SARS-CoV-2 protein gene in
BI21 E. coli bacteria after the discovery of a point mutation. The newly cloned gene achieved a
similarity of (99.3%) with sequences of SARS-CoV-2 genomes found in GenBank. The protein
expression was inducted to have a crude protein with concentration of 0.5 mg\ml. The use of the
recombinant S and M proteins in future screening purposes were tested using ELISA serological
test, serum samples that were previously infected and then vaccinated have a higher rate of
positivity (100%) using any of the two antigens, serum samples that were collected 2-3 months
after vaccination have higher positive results (n= 19/25) when S antigen is used compared to M
antigen (n=14/25). The number of positive results in the serum samples that collected at least 1.5
years after vaccination was 7/18 for S antigen and 9/18 for M antigen. The total samples that give
positive ELISA result was 39 in S antigen and positive samples in M antigen was 36, the antibody
titers related to S antigen is higher than M antigen. The titer of antibodies was higher in the samples
that were previously infected and then vaccinated, then samples that were collected 2-3 months
after vaccination, then lastly, the samples collected 1.5 years after vaccination.

Conclusion: The recombinant S and M antigens were cloned successfully, we recommend
to use S antigen in ELISA test rather than M protein, or use them together. We recommend also to

do further studies for the sensitivity and specificity, or epidemiological study.
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1.Introduction
1.1 Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) which infect the respiratory tract causing acute
respiratory tract infection (ARTI). Originated in Wuhan in December 2019, China (Hui et
al.,2020). Mild to moderate respiratory illness are experienced by most people infected with the
virus and usually don’t need any special treatment. However, some will become seriously ill with
symptoms like pneumonia, fever, cough and respiratory distress and those require special medical
care. Older adults and people with existing persistent health problems are more likely to present

with more severe disease than people of all ages (Wang et al.,2020).

The studies shows that the virus may spread by Symptomatic, asymptomatic and pre-
symptomatic patients and because of the majority of COVID-19 patients have a moderate or
undetectable illness (with no symptoms), half of all COVID-19 cases are infected through
asymptomatic transmissions (Tabata et al.,2020). The incubation time for COVID-19 varies
widely among patient populations, and as symptoms might occur between two and fourteen days
after infection, viral transmission may go undetected (Long et al., 2020).

Thus fast, early and accurate tests to diagnose COVID-19 disease is important for chasing
SARS-CoV-2 transmission, the control of the transmission of the virus, investigations into the
epidemiology, the supervision of each individual case, and carrying out of quarantine laws in order

to prevent new cases and fatalities.

Testing technologies based on Nucleic-acid detection that use (RT-PCR) to detect the virus still
the best diagnostic test available, because it is highly sensitive and very accurate test to detect
COVID-19 patients in the early stage of the disease (Pan, Y et al.,2020) RT-PCR detect the SARS-

CoV-2 RNA genome in nasal and throat swaps of infected persons (Corman et al., 2020).

As noted, the amount of virus found in COVID-19 patients' upper respiratory tract secretions

peaks seven days after the onset of symptoms, but later in the course of the illness, it may decline



greatly below the threshold of RT-PCR detection. Additionally, failing to observe the viral
replication time window will produce erroneous negative results (Pan et al., 2020).

Thus, in order to ensure the early diagnosis of all COVID-19 patients, additional screening
assay approaches for the detection of SARS-CoV-2 are urgently required. Assessment of specific
antibodies against SARS-CoV-2 offers an alternative very sensitive and accurate diagnostic
method that may make up for the drawbacks of RT-PCR including the need for expensive
thermocycler and professional staff to perform the test and interpret results, the standard control
has an important role in the accuracy of the results and the problem of obtaining false-negative
results due to time and quality of sample collection, sample degradation and the low efficiency of
some test kits. Computerized tomography scan system (CT) is expensive technique, require
technical expertise, and results interpretations would be to other diseases than COVID-19
(Sheikhzadeh et al., 2020).

Immunoglobulin M (IgM), G (IgG), and A (IgA) generated in patient body shortly post-disease
onset. Serological assays can enable serological monitoring, identify individuals who have already
been infected, and monitor the COVID-19 outbreak's spread. Moreover, serological assays may
make it easier to assess the evaluation of immunity generated by vaccines and identify suitable

convalescent plasma donors (Fens et al., 2021).

In contrast to molecular assays, such as RT-PCR, serological assays for the diagnosis of SARS-
CoV-2 are frequently quicker, less expensive, and simpler to carry out by staff without
considerable laboratory qualifications. The ability to detect the production of antibodies may be a
tool that, either by itself or in combination with PCR, improves the sensitivity and accuracy of
detection. The FDA (Food Drug Association) has approved a number of commercial serological
kits for assessing SARS-CoV-2 IgG, IgA, and IgM antibodies (Younes et al., 2020).These tests
specifically target the N protein, S protein, S1 fragment, and receptor-binding domain (RBD)
which is the of immunogenic proteins of coronaviruses (Sheikhzadeh et al., 2020).

Enzyme-linked immunosorbent assay (ELISAS) one of the most widespread serological assays
used in COVID-19 diagnosis , sensitive method to detect the antigen or antibody of interest in the
samples, could be in direct or indirect formats, direct ELISA, an enzyme-linked antibody directly
binds to the antigen in the sample where as in indirect ELISA , a primary antibody is used to bind

to an antigen which was coated on a microplate , Then secondary enzyme-labeled antibody is



applied to detect the primary antibody , the binding reveal positive ELISA test (Sheikhzadeh et al.,
2020).

However, the kind of viral protein utilized as a capture antigen determines the sensitivity and
specificity of enzyme-linked immunosorbent tests (ELISAs). Additionally, according to patient
diversity, disease severity, and immunological status, antibody seroconversion in COVID-19
patients might happen fairly late after disease onset. Specific antibodies against SARS-CoV-2 are
produced by the majority of COVID-19 patients after seven to eleven days of exposure, with
considerable disagreements have been documented (Lagousi et al., 2019) which leads to a

challenge of overcoming this diversity and obtain specific accurate test results.

In this study, we aim to clone spike (S) and (M) protein of SARS-CoV-2 in high amount as
capture antigen so we can develop ELISA test to readily define a true positive SARS-CoV-2

infection with high specificity and sensitivity and study the efficiency of the vaccines.

1.2 Problem statement.

Current COVID-19 diagnostic tests rely on molecular approaches like RT-PCR which provide
good sensitivity and specificity and the results can be obtained in a few hours. It can detect viral
DNA in respiratory samples, saliva, blood, urine and stool. However, RT-PCR has some
drawbacks including the need for expensive thermocycler and professional staff to perform the test
and interpret results, the standard control has an important role in the accuracy of the results and
the problem of obtaining false-negative results due to time and quality of sample collection, sample
degradation and the low efficiency of some test kits. Computerized tomography scan system (CT)
is expensive technique, require technical expertise, and results interpretations would be to other
diseases than COVID-19 (Sheikhzadeh et al., 2020).

Thus, the need to develop a complementary cost effective, easy, and fast diagnostic assay in
Palestine is arising.

ELSA technique is easy to perform, can detect serum antibody which will help also in
investigating the immunity of patients, vaccine response and herd immunity. So, in this study we
are going to clone spike and membrane protein of the virus as they are surface protein to use them

in developing ELISA to detect infected and vaccinated individuals.



1.3 Study significance.

COVID-19 pandemic is a dangerous serious global health issue today due to the rapid human
to human transmission of SARS-CoV-2 311 million cases around the world and more than 473
thousand registered cases in Palestine, COVID-19 disease could be fatal, more than 5.5 million
deaths worldwide and approximately 5000 deaths in Palestine based on the World Health
Organization’s official daily COVID-19 Situation Reports according to World Health
Organization. Coronavirus Disease (COVID-19) Outbreak Situation. Available online, accessed
on 11 June 2022 (World Health Organization, 2022).

SARS -CoV-2 has a faster rate of transmission than other coronaviruses such as SARS and
MERS and until now there are no approved specific drugs or vaccines for treatment. Thus, early

diagnosis is crucial to prevent the extensive spread of the disease.

Spike and membrane protein was cloned to develop an indirect ELISA to detect IgG antibodies
against SARS-CoV-2; to detect the late stage in the patients when the virus is undetectable by PCR
or study the immune response to the vaccines. So, ELISA is fast and cheap method to relay on,

especially in Palestine where it’s worth it financially to make this study.

1.4 Aims and objectives
The major aim of this study is to clone COVID-19 proteins to be used in serological tests.

1. To amplify the spike and membrane protein of SARS-CoV-2 by specific primers.

2. Toclone S and M SARS-CoV-2 antigens by inserting the gen of each into (pET 28a)
vector and then transform into (E. coli strain BL21) host cell to express the protein of
interest heavily.

3. To use the expressed proteins in developing immunoassay test for SARS-CoV-2.

4. To validate the developed ELISA in the detection of infected and vaccinated persons.



2. Literature review
2.1 History

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) which infect the respiratory tract causing acute
respiratory tract infection (ARTI). Originated in Wuhan in December 2019, China (Hui et al.,
2022).

According to the World Health Organization's official daily COVID-19 Situation Reports, on
December 22 there were over 672 million cases and over 6 million fatalities reported globally,
with around 703 thousand cases and 5 thousand deaths in Palestine. Situation with the COVID-19
coronavirus outbreak, accessible online, accessed on 11 February 2023 (World Health
Organization,2022). Most infected persons show mild to severe respiratory illness and don't
require any particular care. But some people will get serious illnesses that need for specialized
medical attention in hospital, such as pneumonia, coughing, fever, and respiratory distress. Older
adults and people with underlying chronic medical issues are more likely to present with more
severe disease than people of all ages (Wang et al.,2020).

The studies shows that SARS-CoV-2may spread by Symptomatic, asymptomatic and pre-
symptomatic patients (He et al., 2020). Additionally, since the majority of COVID-19 patients
have minor or no symptoms, asymptomatic transmissions account for 50% of all COVID-19 cases.
(Tabata, S et al., 2020) The incubation time for COVID-19 varies widely among patient
populations, and as symptoms might occur 2-14 days after being exposed, viral transmission may
go undetected (Long et al., 2020).

Back to 2002, The first known cases of Severe acute respiratory syndrome (SARS) occurred
in November 2002 by the spread of SARS-CoV-1, and the syndrome caused the 2002-2004 SARS
outbreak (Lietal., 2020) .Infected over 8,000 people from 29 countries and territories, and resulted
in at least 774 deaths worldwide (Live et al., 2002).

Flu-like symptoms associated with SARS-CoV-1 include fever, muscle aches, fatigue, coughing,

sore throats, and other general symptoms. A temperature that is higher than 38 °C (100 °F) appears


https://en.wikipedia.org/wiki/2002%E2%80%932004_SARS_outbreak
https://en.wikipedia.org/wiki/2002%E2%80%932004_SARS_outbreak

to be the only symptom shared by all individuals. Breathing difficulties and pneumonia, either
primary viral pneumonia or subsequent bacterial pneumonia, are frequent side effects of SARS-
CoV-1. SARS-CoV-1 typically takes 4-6 days to incubate, while it hardly ever takes just 1 day or
as long as 14 days (World Health Organization, 2023).

There is another coronavirus related disease that immerged in 2012, Middle East respiratory
syndrome (MERS) is a viral respiratory infection caused by Middle East respiratory syndrome—
related coronavirus (MERS-CoV). Symptoms can vary depending on age and risk level from none
to mild to severe. Fever, cough, diarrhea, and shortness of breath are typical symptoms. People
with significant health issues often experience a more severe case of the condition (Zumla et al.,
2015).

2.2 Phylogenetics and Taxonomy.

SARS-CoV?2 is a member of the broad family of viruses known as coronaviruses, after 229E,
NL63, OC43, HKU1, MERS-CoV, and SARS-CoV1; SARS-CoV-2 is the seventh coronavirus
known to infect humans (Guan et al., 2020). SARS-CoV-2 is a member of the

subgenus Sarbecovirus (beta-CoV lineage B), see figure (1) bellow .

Family Subfamily Genus Human
pathogens

- HCoV-229E
lphacoronavirus _‘ g
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J SARS-CoV-2

——  Deltacoronavirus
MERS-CoV

L Gammacoronavirus

Coronaviridae —

4 Letovirinae

Alphaletovirus

Figure 1: Taxonomy of Coronaviridae family with an indication of species known to be pathogenic to
humans and cause respiratory diseases (International Committee on Taxonomy of Viruses (2022)).

Several notable variants of SARS-CoV-2 emerged in late 2020. The World Health Organization

has currently declared five variants of concern, which are as follows: Alpha: In September 2020,
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Lineage B.1.1.7 first appeared in the United Kingdom, showing signs of heightened virulence and
transmissibility. The mutations N501Y and P681H are notable examples. Several public health
organizations have reported and are monitoring an E484K mutation in some lineage B.1.1.7
viruses. Beta: In May 2020, the lineage B.1.351 virus first appeared in South Africa. Evidence of
greater transmissibility and antigenic alterations was found, and some public health professionals
raised concerns about it’s potential impact on the effectiveness of various vaccines. The mutations
K417N, E484K, and N501Y are notable examples. Gamma: Lineage P.1 first appeared in Brazil
in November 2020, along with signs of altered antigenicity, increased transmissibility, and
virulence. Similar issues with vaccine effectiveness have been brought up. Additionally notable
alterations are K417N, E484K, and N501Y. Delta: In October 2020, Lineage B.1.617.2 first
appeared in India. Additionally, there is proof of altered antigenicity and increased transmissibility.
and finally ,Omicron: Lineage B.1.1.529 emerged in Botswana in November 2021 (Priif and B.
M,2022) .

2.4 Biology.

2.4.1 structure and genome.

SARS-CoV-2 virion diameter’s is 60—140 nanometers (Remitente et al., 2020). The four
structural proteins found in SARS-CoV-2 are known as the S (spike), E (envelope), M (membrane),
and N (nucleocapsid); the N protein protects the RNA genome, while the S, E, and M proteins
work together to form the viral envelope. Glycoproteins and type I membrane proteins both make
up the coronavirus S proteins (membranes containing a single transmembrane domain oriented on
the extracellular side) (Wrapp et al., 2020). S protein divided into two parts (S1 and S2), it’s the
protein that allows SARS-CoV-2 to replicate, it facilitates the virus's attachment to and fusion with
a host cell's membrane; more precisely, its S1 subunit catalyzes attachment and the S2 subunit
fusion (Wrapp et al., 2020).

SARS-CoV-2 RNA genome is linear, positive-sense, single-stranded, about 30,000 bases long.

The SARS-CoV-2 genomes encode five basic open reading frames (ORFs), including four

canonical 3’ structural proteins that are shared by all coronaviruses: the spike (S), membrane (M),

envelope (E), and nucleocapsid (N) proteins, and 5’ frameshifted polyprotein (ORF1a/ORF1ab)
(Ashour et al., 2020).

In addition, a number of accessory genes unique to particular subgroups are discovered

scattered throughout or even overlapping the structural genes. Overprinting is a process that causes
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the expression of new proteins in alternate frames as a result of nucleotide changes in a pre-existing
frame. It is believed that the accessory proteins in coronaviruses have additional functions that are
typically implicated in pathogenicity in the natural host but are not always necessary for viral
replication. The quantity, location, and size of the accessory proteins in coronaviruses differ

between the various viral subgroups (Schaecher et al., 2010).
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Figure 2: Structural proteins of SARS-CoV-2 including Spike protein (S), Membrane protein (M),Envelope
protein (E) and Nucleocaspid protein (N) (Zhang et al., 2021).

Less research has been done on accessory proteins for two main reasons. while accessory
proteins are typically not required for viral replication or structure, they might influence the host's
interferon signaling pathways and contribute to viral pathogenicity or spread (Michel et al., 2020).
Figure2 illustrates the SARS-CoV-2 structure and gen. The genome includes ORF1a-ORF1b-S-
ORF3-E-M-ORF6-ORF7 (7a and 7b)-ORF8-ORF9b-N in series, see figure (2) (Zhang et al.,
2021).



2.4.2 Life cycle and Pathogenicity.

The spike (S) protein of coronaviruses interacts to cellular receptors that responsible for
entrance, including: human aminopeptidase N, angiotensin-converting enzyme 2 and dipeptidyl
peptidase 4. As a result, viral tropism and pathogenicity are influenced by the expression and tissue
distribution of entrance receptors (V’kovski et al., 2021).

The infection starts by interaction between the spike glycoprotein (receptor binding domain)
on the envelope of the virus with one of the body receptors ACE2. SARS Cov2 and SARS Covl
share 70% genome similarity, the main differences between them that the affinity of the receptor-
binding domain (RBD) is 10 fold higher than SARS CoV1 which give more availability of cell
entry, another feature that SARS CoV1 always show standing up RBD to be ready for binding
ACE2, while SARS CoV?2 is choosing the lying state of the RBD by hiding it in the spike protein
; thus provides an evasion mechanism of covidl9 from the neutralizing antibodies, it also
manipulate other immunological processes including antigen presentation and cytokines
(Taefehshokr et al., 2020).

SARS-CoV2 has multiple steps in its life cycle inside the host cell. In a summary, it starts with
the virus's Spike-Fc protein attaching to the angiotensin-converting enzyme-2 (ACE2) receptor on
bronchial epithelial cells, alveolar pneumocytes. As a result, ACE2 expression is downregulated,
resulting in severe acute respiratory failure (Khade et al., 2021). In addition to the ACE2 receptor
protein being expressed on the surface of lung epithelial cells, ACE2 protein is also expressed on
the surface of small intestine epithelial cells, suggesting that SARS-CoV2 pathogenesis could take
another pathway. The endocytosis process begins when a ligand binds to the receptor and the
membrane fuses, allowing virions to enter the host cell. The virion's genetic material is released
into the host as a result of the membrane fusion. The viral RNA is translated into the functional
RNA Polymerase protein by controlling the host ribosome machinery. The positive sSRNA is
replicated into dsRNA by the expressed viral RNA polymerase. Nucleocapsid (N), membrane (M),
spike (S), and envelope (E) proteins RNA transcription at the sub-genomic level. N protein
translation takes place in the cytoplasm, whereas S, M, and E protein translation takes place in the
rough endoplasmic reticulum (RER) due to post-translation changes. The structural proteins S, M,
and E assemble with the viral nucleocapsid (N). In the Golgi vesicle, the assembled viral

components are further matured to create the mature virion with the lipid envelope. Exocytosis is



the process by which mature virions are discharged into the environment (Khade et al., 2021). See
figure (3) (Harrison et al., 2020).
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Figure 3: The lifecycle of SARS CoV-2 (Harrison et al., 2020).

2.5 Immunity to SARS -CoV- 2.

The host immune system detects the entire virus or its surface epitopes once the virus has
entered the target cell, triggering an innate or adaptive immune response. Toll-like receptors 3, 7,
and 8 on immune cells, in particular, are the first pathogen recognition receptors (PRRs) to
recognize the virus, which increases interferon (IFN) production. During SARS-CoV1 and MERS-
CoV infection, their non-structural proteins impede the activity of host innate immune cells, which
alters the overall release of cytokines (Shah et al., 2020).

It has been discovered that the humoral response to SARS-CoV-2 is comparable to that against
other coronavirus infections, involving the generation of the typical IgG and IgM. When SARS-
CoV1 infection first occurs, B cells produce antibodies to the N protein right away, whereas
antibodies to the S protein can only be found 4 to 8 days after the onset of the first symptoms.
(Shah et al., 2020). After the beginning of symptoms, SARS-CoV2-specific IgA, IgG, and IgM
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antibodies were found in infected individuals at various times. 1gG was shown to be present for a

longer amount of time than IgM, which began to drop after three months (Shah et al., 2020).

According to the fundamental principles of immunology, the immune cell response to viral
infections is known to play a significant role in preventing clinical development and providing
protection against recurrent infections. which also relates the SARS-CoV-2 illness. In fact,
COVID-19 was discovered to be effectively regulated in the majority of infected persons by the
coordinated activation of the innate and adaptive immune components (Sette et al., 2020).

people recovering from SARS-CoV-2 infection up to 18 months after infection, the existence
of CD4+ and CD8+ T-lymphocytes has been shown throughout time, according to a few recent
reports. Additionally, it was demonstrated that this T-lymphocyte-based immunity existed
regardless of how severe the clinical picture connected to the infection itself was (Breton et al.,
2021).

On the other hand, these viruses may also suppress anti-viral IFN responses by eluding the
innate immune cells. Pro-inflammatory cytokines are produced in greater amounts as a result of
the infiltration of neutrophils, monocytes/macrophages, and other adaptive immune cells.
Th1/Th17 cell activation with viral epitopes in the helper T cell fraction may intensify
inflammatory reactions as cytokine which will result in immunopathologies such pneumonia and
pulmonary edema. Infected cells in the lungs are targeted for destruction by cytotoxic T
lymphocytes sent to the infection site. In addition to recognizing viral proteins, B cells and plasma
cells are activated to release antibodies that are specific to SARS-CoV-2, which may promote in

the destruction of viruses and offer systemic immunity in several organs (Shah et al., 2020).

For immunity after vaccination« after the doses of the vaccine are given, the antibody titers
start to decline quite quickly. Such losses occur more quickly than the induced protection against
serious disease (De Bruyn et al., 2022). The effectiveness against COVID-19 infections with
symptoms was observed to rapidly degrade in 842,974 vaccinated individuals after roughly 6-7

months, and may even become negative for longer time periods (Redd et al., 2021).
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The authors have proposed that the ongoing development of novel variations could be
responsible for the vaccination's short-term effectiveness. Additionally, vaccines are known to
trigger an immune response that targets the spike protein; in fact, the majority of virus mutations
only impact this protein, which may further help to explain why vaccines only have a temporary
protective effect (Diani et al., 2022).

2.6 Antibodies profile in COVID-19 patients.

An indirect enzyme-linked immunosorbent assay (ELISA) was used to examine serial
specific IgA, IgM, 1gG, and IgG isotypes including IgG1 to 1gG4 responses using four recombinant
SARS-CoV-2 antigens (including receptor binding domain (RBD), S1 protein, nucleocapsid
protein (NP) and ectodomain of spike protein). The results of this retrospective study were
published in 2020 by Yin and Tong et al, 1gG2 and 1gG4 levels were demonstrated to be
undetectable. 1gG levels against all four antigens peaked 27 days after the onset of symptoms and

then gradually decreased till 91 days later (Yin et al., 2020).

IgG1against ECD, S1, and RBD peaked at 7 days after the onset of symptoms, while it peaked
at 14 days after symptoms onset when it tested against NP. All of these 1gG1 levels were high up
until the 91st day after the onset of symptoms. 1gG3 responses to S1, ECD and NP were elevated
starting on the fourth day and gradually decreased until the 91st day. Beginning on day 4, IgA
levels that responded to ECD and RBD increased and remained elevated until day 91. On the
contrary, IgA that was tested specifically against S1 and NP decreased rapidly after reaching a
peak and was undetectable by the 91st day after the onset of symptoms. Additionally, from the
seventh day to the seventeenth day, IgM that responded with NP significantly reduced and
remained undetectable, see figure (4) (Yin et al., 2020).

In general, Following SARS-CoV-2 infection, IgM and IgG antibody production tends to peak
11 to 14 days after the onset of symptoms, earlier than in other viral infections. IgM and IgG
antibodies sometimes appear immediately, in contrast to many other viral infections, where IgM

antibodies frequently appear several weeks before IgG antibodies (Peeling et al., 2022).
2.7 Epidemiology of COVD-19.

2.7.1 Epidemiology of COVD-19 worldwide.

Droplet transmission of SARS-CoV-2 occurs when a person comes into close contact

12



(Less than 1 meter) with someone who is coughing or sneezing. droplets from the infected
individual's mucosae (mouth and nose) or conjunctiva can potentially transfer the virus (eyes).
Although mucosal transmission is the most common, viral transmission through the conjunctiva is
rather uncommon (Zhou et al., 2020).

SARS-CoV-2 appears to have a less fatality rate than SARS-CoV1 or MERS CoV, despite
the large number of deaths related with COVID-19. Because of the rapid spread of disease, public
health officials and government agencies have implemented unprecedented measures such as

travel.
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Figure 4: IgM, IgA, IgG, IgG1 and IgG3 antibody titers in response to SARS-CoV-2 antigens (Yin
et al., 2020).

According to a meta-analysis dated November 2020, the virus's basic reproduction number
(display style R 0 R 0) is estimated to be between 2.39 and 3.44 which mean each virus infection
could cause 2.39 to 3.44 additional infections if no one in the community has an immunity to it
and no preventative actions are done, more dense areas tend to have higher RO. Since human
behavior influences the RO value, estimates of RO vary among nations, cultures, and social rules.

For instance, one study discovered that Sweden, Belgium, and the Netherlands had relatively low
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RO values (3.5), whereas Spain and the US had much higher RO values (5.9 to 6.4, respectively)
See figure 5 (Ke et al., 2021). See figure 5.

In mainland China, there have been around 96,000 confirmed cases of illness. While the
percentage of infections that lead to confirmed cases or develop into diagnosable diseases is yet
unknown, one mathematical model estimated that 75,815 persons were infected on January 25,
2020 in Wuhan alone, even though there were only 2,015 confirmed cases globally. In Hubei
province, where Wuhan is situated, more than 95% of all COVID-19 deaths that happened globally
before February 24, 2020, had taken place. As of February 9, 2023, the proportion was 0.047%,
there have been 672,273,129 total confirmed cases of COVID-19 in the ongoing pandemic. The
total number of deaths attributed to the virus is 6,848,748 (Dong et al., 2022).

2.7.2 Epidemiology of COVD-19 in Palestine.

On March 4, 2020, seven Palestinians tested positive for SARS-CoV-2 in Bethlehem, after that,
the Palestinian government declared a state of emergency lasting one month on March 5, 2020.
People were quarantined unless in emergency cases after a state of emergency was declared. The
state of emergency has been declared in effect for one more month. (Ministry of Health, State of
Palestine,2023).

Due to a decline in incidences and an increase in the rate of positive tests among Palestinian
laborers leaving Israeli land, the limitations were lifted on May 25th, 2020. In July 2020, the
number of cases rose once more, with Hebron serving as the heart of the outbreak and housing
more than 70% of all active cases. The West Bank was placed under a 15-day total lockdown
beginning on July 3, 2020 (Ministry of Health, State of Palestine,2023).
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Figure 5: COVID-19 cases worldwide as of February 3, 2023, by country or territory ( Statista
,novel-coronavirus statistics, 2019).

On July 12, 2020, a five-day total lockdown was imposed on the governorates of Hebron,
Bethlehem, Ramallah, and Nablus. People were subject to night and weekend curfews, with the
exception of a few approved services, and movement between governorates was prohibited until
July 27, 2020. It was forbidden to travel between governorates or attend any social events in public.
After July 13th, 2020, the Palestinian administration announced a relaxation of the restrictions,
enabling small enterprises to reopen with limits and commercial travel across governorates.

(Ministry of Health, State of Palestine,2023).

The Palestinian Ministry of Health recorded 210 073 cases and 2275 deaths as of March 1st,
2021. However, because the majority of people had been infected the government opened the
nation's roads, lifted the restrictions, and administrating vaccines (Coronavirus (COVID-19) in

Palestine,2023.
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And finally, by February 2023 Data, Palestine recorded 703228 Coronavirus Cases since the
epidemic began, according to the World Health Organization (WHO). In addition, Palestine
reported 5708 Coronavirus Deaths. See figure 6 (World Health Organization, 2023).
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Figure 6: This chart shows the number of confirmed COVID-19 cases per day in Palestine
(Coronavirus Recourses center, Johns Hopkins University CSSE COVID-19, 2023).

2.8 Diagnosis of SARS Covid 2.

2.8.1 Molecular Diagnosis.

Clinical diagnosis of COVID-19 has been basically been based on signs and symptoms
evaluation, and confirmed by nucleic acid amplification tests (NAAT), such as, RT-PCR (Reverse
Transcription Polymerase Chain Reaction) of nasopharyngeal or oropharyngeal swabs. The
reverse transcription of coronavirus ribonucleic acid (RNA) into complementary DNA (cDNA)
serves as the starting point for these assays, which are utilized to amplify small amounts of
deoxyribonucleic acid (DNA). Then, PCR is carried out, and the resulting DNA amplification is
subjected to precise detection using various analytical techniques (Kashir et al., 2020). then
quantifying viral load using the cycle threshold (Ct); The number of cycles needed for the
fluorescent signal to exceed the background level and cross the threshold. The amount of target
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nucleic acid in a sample is inversely correlated with the Ct level; the lower the Ct level, the higher
the amount of target nucleic acid in the sample. The genomic regions of SARS-CoV-2 that code
for the proteins spike, nucleocapsid, and enveloped were used to make particular primers and
probes (Sharma et al., 2021).

Loop-mediated isothermal amplification (LAMP), multiple cross displacement amplification
(MCDA), recombinase-aided amplification (RPA), nicking and extension amplification reaction
(NEAR), and CRISPR-CasN-based assays are all among of the amplification types included in
NAAT (Zhang et al., 2020).

Although techniques that based on PCR are simple, have high sensitivity, and extremely
specific, and they can regularly and consistently identify coronavirus infection in individuals, still
this technique has some drawbacks, like needing expensive specialized equipment and highly
trained analysts and technicians. moreover, PCR have high false-negative rate results and requires

4-8 h to process the samples and 1-3 days to report the results (Maia et al., 2022).

Reliable and quick serological diagnostic approaches are critically needed to screen COVID-
19 patients and those without evident symptoms or who passed 12 days on their onset of infection,
Serological tests, whether they take the form of ELISA or immunochromatographic lateral flow
assays (ILFA), are currently the subject of a lot of research. Due to the SARS-CoV-2 infection,
viral protein antigens and antibodies like IgM, IgG, IgA are produced into the serum of the patient,
which can be targeted and can offer a wider time window for indirect detection of SARS-CoV-2
(Zhang et al., 2020).

2.8.2 Serological Diagnosis.

Serological tests are diagnostic methods that are used to identify antibodies and antigens in a
patient's sample The presence of antibodies against a pathogen in a person's blood indicates that
they have been exposed to that pathogen. Most serologic tests measure one of two types of
antibodies: immunoglobulin M (IgM) and immunoglobulin G (1gG). 1gM is produced in high
quantities shortly after a person is exposed to the pathogen, and production declines quickly

thereafter. IgG is also produced on the first exposure, but not as quickly as IgM. On subsequent
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exposures, the antibodies produced are primarily IgG, and they remain in circulation for a

prolonged period of time (Turgeon and M. L, 2015).

This has an impact on how serology results are interpreted because a positive IgM result
indicates that a person is currently or recently infected, but a positive 1gG result and a negative
IgM result indicate that the individual may have previously been infected or immunized. Antibody
testing for infectious disorders is frequently conducted twice: once during the acute stage of the
illness and once again after recovery (convalescent phase). When the antibody titers of the two
samples are examined, the convalescent specimen's much greater 1gG level confirms infection
rather than prior exposure. People who are immunosuppressed, since they make less antibodies,
and those who take antimicrobial medications early in life may have false negative findings for
antibody tests (Berkowitz et al., 2016).

Based on antibody detection, serological testing can be conducted using lateral flow
immunochromatographic  analyses,  lateral ~ flow  immunochromatographic  strips,
chemiluminescence immunological assays and enzyme-linked immunosorbent assays (ELISA).
Now, there have been a lot of studies concerned about commercial antigen detection kits for SARS-
CoV-2 (Lambert-Niclot et al., 2020).

Although these serological assays aren't very good at identifying acute infections, they do
allow for a number of crucial uses. First, serological assays allow to explore the immune responses
to SARSCoV-2 in a qualitative and quantitative way. Serosurveys are necessary to accurately
assess the infection rate in an affected region, which is a crucial factor in figuring out the infection
mortality rate. serological testing will make it possible to find persons who have strong antibody
reactions and may be recruited as donors for the production of convalescent serum treatments
Serological tests may also be used to distinguish between those who are immune and those who
are not. These details might be extremely helpful for carefully placing immune healthcare workers
to lower the risk of exposure and inadvertent virus spread. Additionally, it might enable a portion
of the populace to resume "normal life" after having built up immunity. Parallel investigations
determining whether antibody titers correlate with protection are necessary to support these

prospective measurements (Stadlbauer et al., 2020).
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ELISA based antigen SARS CoV detection in different nasopharyngeal aspirate, urine, and
fecal specimens was the new suggested mechanism with better advantages than previous ones, like
cheaper, no need for intense labor, easy to use, no contamination, and high specific technique.
Serology tests complementary to molecular methods for diagnosis COVID-19 (e.g.,diagnosis of
asymptomatic patients) and epidemiological claims. In the present time of COVID-19 vaccination,

serological testing will be widely used to estimate the vaccine efficiency (Alandijany et al., 2021).

A study published in the literature used antibody detection to test the source of the immune
response in humans. The study used ELISA to detect antibodies against the N and S proteins, and
the results showed 100% sensitivity which mean no false negatives, 98.9% specificity minimal
false positives, and zero cross-reactivity with other coronavirus antibodies. S protein-based ELISA
and N protein-based ELISA were used to examine the specificity of the target N protein antibody.
The results showed that both approaches were positive for infected individuals and that only S
protein-based ELISA was positive for individuals who had received the vaccination. Sensitivity of
12 all positive test findings evaluated by micro-neutralization assay, then tested on the N protein
ELISA which gave all positive results 100% (Alandijany et al., 2021).

S and N proteins have attracted the most focus in the identification of the SARS-CoV-2
virus to date. In addition to the S protein, the M protein was the focus of this study since it is the
most prevalent structural protein of the SARS-CoV-2 and serves a number of important roles in
the viral infection cycle. Its abundance suggests that it could be one of the essential elements for
virion morphogenesis and assembly. It takes part in budding and aids in the assembly of all other
structural proteins (S, E, and N) (Lopandic¢ et al., 2021).

ELISA has four types, Direct ELISA, the sample is directly applied to the plate's surface. It is
possible to measure an antibody that has been enzyme-tagged. After incubation, the unbound
antibodies are removed from the media by washing, the appropriate substrate is added to the
medium, resulting in a color signal that is proportional to the amount of antigen present in the
sample. From a standard curve, this correlation can be used to know the concentration of antigen
in an unknown sample. High molecular weight antigens can be determined by direct ELISA

(Wang and D, 2019). Indirect ELISA , the antigen coated on wells, then primary antibody and a
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labeled secondary antibody are used, which is a two-step binding process. The primary antibody
is incubated with the antigen-coated wells in this approach. The secondary antibody is then added,
which is tagged and recognizes the primary antibody. A polyclonal antibody is usually used as
secondary antibody. Secondary antibodies that have been tagged are widely available. The well is
subsequently filled with a substrate, which produce the signal. This approach is often used to
identify bacterial, viral, or parasitic infection as well as measure antibodies against a foreign
antigen (Schmidt et al., 2012).

Sandwich ELISA used to capture antigens in the well for detection, use two antibodies specific
to the antigen. Antigen concentration and substrate response are directly related in immunometric
tests. a capture antibody is usually coated on the plate. The antigen is bound by a second detection
antibody that is also specific to the antigen during a second incubation. A secondary antibody-
enzyme conjugate can bind the detection antibody, or the detection antibody can be enzyme-
conjugated itself. When chromogenic substrate is introduced to the test to develop color, samples
with higher antigen concentrations produce more signal than samples with lower antigen
concentrations, yielding a signal that is proportionate to the amount of antigen in the sample
(Kragstrup et al., 2013).

Competitive ELISA in which antigen in a sample competes with antigen attached to a reporter
enzyme for restricted antibody binding sites. As a result, antigen concentration and substrate
turnover have an inverse relationship. In competitive ELISASs, a single antibody to a low molecular
weight antigen (less than 10,000 Daltons) is used. Unlabeled antigen is bound in larger levels than
conjugated antigen during incubation in samples with high antigen concentration. When
chromogenic substrate is added to the test to develop color, samples with a high antigen
concentration provide a lower signal than samples with a low antigen concentration, resulting in
an inverse relationship between antigen concentration in the sample and color development in the
assay (Crowther and J. R, (2008).

In this study, indirect ELISA was chosen to test the antibody in the samples reacts with the
coated antigen in the plate, as this type of ELISA considered to have high sensitivity and high
specificity (Elshal et al., 2006).
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2.8.3 Non-laboratory Diagnostic Method

Other frequently mentioned diagnostic techniques include surface plasmon resonance (SPR)-
based biosensors, field-effect transistor (FET)-based biosensors, chest computed tomography (CT)
scan combined with the assessment of clinical symptoms, and artificial intelligence techniques.
CT is a regularly used supplementary detection method for the diagnosis of many illnesses. The
SARS-CoV-2 infection's effects on lungs imaging can be used to make the diagnosis of COVID-
19 (Caruso et al., 2020).

Because RT-PCR occasionally reported false-negative findings, it was discovered that CT
scan was more sensitive for diagnosing COVID-19 than RT-PCR. CT scans are routinely used to
better visualize lung abnormalities. The main drawback of the CT scan is its low specificity, which
makes it impossible to distinguish between pulmonary abnormalities linked to etiological agents
other than SARS-CoV-2 and the risk of ongoing exposure to radiation. The CT scan, in specific,
has an excellent resolution power and a sensitivity of 95-100% (Sharma et al., 2021).

2.9 Treatment and vaccination

Nirmatrelvir/ritonavir (marketed as Paxlovid) or remdesivir can be used by patients with mild
to moderate symptoms who are in the risk groups to lessen their likelihood of developing a serious
illness or needing hospitalization. The Test to Treat project, part of the US Biden Administration's
COVID-19 action plan, allows patients to visit a pharmacist, take a COVID test, and receive free
Paxlovid right away if their results are positive. The core of COVID-19 management has been
supportive care, which includes medicine or devices to assist other compromised essential organs,

hydration therapy, oxygen support, and prone positioning if necessary (Wang et al., 2020).

Most COVID-19 instances are minor. Supportive therapy in these cases entails the use of
medications like paracetamol or NSAIDs to treat symptoms (fever, body pains, cough), as well as
adequate fluid intake, rest, and nasal breathing. A healthy diet and good personal cleanliness are
also advised. The U.S. Centers for Disease Control and Prevention (CDC) advised anyone who
believe they are infected to stay at home and wear a face mask as of April 2020 (U.S. Centers for

Disease Control and Prevention, 2020).

In order to lower the risk of fatality in those severe cases, they were treated in hospitals with

low oxygen levels, the use of the glucocorticoid dexamethasone was strongly advised. Support for
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breathing may be needed through noninvasive ventilation and, ultimately, admission to an
intensive care unit for mechanical ventilation. The advantages of extracorporeal membrane
oxygenation (ECMO), which has been used to treat respiratory failure, are still being debated.

Some cases of severe disease progression are brought on by cytokine storms (Kim et al., 2021).

Highly effective vaccines have reduced mortality related to SARS-CoV-2, which works by
increasing immune response and preparing the immune system to recognize and kill the virus when
it comes into contact with it. Live attenuated virus, inactivated virus, nucleic acid (DNA and RNA),
protein subunits, and viral vectors have all been employed in the production of vaccines (Khade et
al., 2021)

The Pfizer-BioNTech vaccine contains a small amount of harmless messenger RNA and is
suggested for those aged 5 and older (MRNA). Body cells are given instructions by COVID-19
mRNA on how to establish an immunological defense against the virus that causes COVID-19.
You are now less likely to contract COVID-19 in the future thanks to this reaction. After the
immunological response has occurred, the body eliminates all vaccine components, just like it
would any chemical that the cells no longer require. This is a typical process that the body goes
through (Tregoning et al., 2020).

Long-lasting immunity is provided by the Sputnik Russian vaccine, which gets better 4-6
months after immunization. It is based on adenovirus DNA that carries the coronavirus gene for
SARS-CoV-2. Adenovirus is used as a "container” to introduce a possible threat to the immune
system by transferring the coronavirus gene to cells and starting the construction of the SARS-
CoV-2 virus's envelope proteins. The cells use the gene to produce the spike protein after that. The
immune system will identify this spike protein as being foreign and produce antibodies and T cells

as natural defenses (Tregoning et al., 2020).

AstraZeneca vaccine: OXFORD vaccine uses chimpanzee adenovirus instead of human
adenovirus and operates on the same basis as the sputnik. The vaccine adenovirus from the
AstraZeneca injection attaches to and penetrates the cells of our own body, carrying the genetic
code for the SARS-CoV-2 spike protein. Once within our cell, it moves to the nucleus to provide
the genetic code. The altered vaccination adenovirus lacks the genes that a typical virus would use

to replicate. The spike protein can only be produced by it. The genetic code of the COVID-19
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spike protein is translated into messenger RNA (MRNA). With the assistance of the cell's protein-
making machinery, this mMRNA exits the nucleus and puts together copies of the COVID-19 spike
proteins. Protein fragments are pushed outside of the cell and shown on the cell surface (Viner et
al., 2020).

For those who are at least 18 years old, the Moderna vaccine against COVID-19 is
recommended. It also includes a little amount of messenger RNA, which is safe (MRNA). Body
cells receive instructions from COVID-19 mRNA on how to develop an immune response against
the virus. You are shielded from getting COVID-19 in the future by this response. The body
discards all vaccination components after an immune response has been produced, just like it
would any chemical that the cells are no longer in need of. This is a typical aspect of how the body
works (Viner et al., 2020).

Sinopharm Vaccine: The Chinese vaccine, which contains the fully intact and attenuated
COVID19 virus, would be detected by the immune system and offer it the opportunity to begin
building antibodies. According to Sinopharm, its effectiveness rate was 79 percent (Khade et al.,
2021).
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3. Materials and method
3.1. Samples Collection

Study location and population: this study was done in Al-Quds University Abu-Dis facilities -
Palestine. the study was done on samples from different regions from Hebron and nearby villages.

Two types of samples were collected:

1- Positive nasopharyngeal samples that were used for Covid-19 cDNA preparation, these
samples were chosen randomly from Hebron Central Corona Lab, the prepared cDNA was used
as a source for viral gene cloning. The collected cDNA samples were kept at -20°C until their

further use.

2- Serum sample of different Covid-19 conditions. These serum samples were mainly used for
evaluating the use of the cloned Covid-19 antigens in ELISA test. A total of 56 serum samples that
were used in this study: 13 samples of infected and vaccinated individuals, 25 serum samples of
vaccinated individuals and their sera was collected 2-3 months post the second vaccination, 18
serum samples of different aged vaccinated individuals; their sera were collected at least 1.5 years
after their second vaccination. Samples were collected between 27 August 2022 and 30 September
2022. The positive sera were chosen based on the development of COVID-19 symptoms and the
presence of a positive COVID-19 RT-PCR and positive Rapid Ag test.

Study control group: Negative samples had been taken from Al-Quds University reserved frozen
serum samples before pandemic starts, before 2019 the number was 4 samples for each 96 well plate.
Positive control group is RT-PCR positive samples for SARSCoV?2.

Ethical consideration: This study’s proposal was submitted to Al Quds University-Medical
laboratory science research committee for approval. All the participants were informed about the
study aim and objectives and signed a consent form before participating as they had be notified
about their rights to refuse, participate or withdraw at any time.

3.2. Cloning of SARS CoV-2 spike (S) protein and membrane (M) protein:

Generally, this was done by amplification of both S and M SARS CoV-2 protein gene segments
by PCR, then ligation in pET-28a expression vector, and transformation into Escherichia coli BL21
cells. The below steps indicate the specific detailed procedure for this cloning.
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3.3. Amplification of SARS CoV-2 Surface and Membrane gene segments by

Polymerase chain reaction:

A newly designed specific primers for S and M gene sequences were used for this purpose.
Table 1 shows the exact sequence of the different used primers. These primers were designed based
on previous cloning experiments in which the used primers introduced one extra nucleotide and
hence creating frame shift mutation upon translation. In Table 1, the newly designed primers are
shown in comparable with the old used primers. More details about primers the current primer
design in results section.

Table 1: Sequences of the currently used primers. The yellow highlighted fonts indicate the
added nucleotides after the chosen cutting site.

Gene New primers Old primers
Segment
Sequence Restriction Sequence
enzyme
Direct: SacI Direct:
GGG GGA GCT CcA (GAGCT/C) GGG GGA GCTC TGG CAG
TGG CAG ATT CCA ATT CCA ACG GTA CTA
ACG GTA CTA TTA TTA C
Membrane C

Reverse: HindITI No changes
GGC GAA GCT TCT (A/AGCTT)

GTA CAA GCA AAG
CAA TAT TGT CAC

Direct: EcoRI GGGGCTCGAGATGTTTGTTT
GGG GGA ATT CAA (G/AATTC) TCTTGTTTTATTGCCACTAG
TGT TTG TTT TTC
TTG TTT TAT TGC

Smke CAC TAGT
Reverse: HindITI No changes
GGC GAA GCT TAG (A/AGCTT)
GGA GAT CAC GCA
CTA AAT T

Each PCR reaction is composed of a total volume of 25 ul that contains: 12.5 pl of (2x ready
mix Taq DNA polymerase mixture (Takara, Japan), 1 ul (20 pmoles) of direct and reverse primers
for S and M primers separately, and 5 pl cDNA were added to each PCR reaction and double

distilled water was used to fill the reaction volume up to 25 ul . The thermo-cycler program was

25



set as following: 5 min at 95°C; initial denaturation, 35 cycles each has 30 second at 95°C
denaturation step, 30 sec at 53°C to perform annealing, followed by 1 min at 72°C as extension

step (elongation) and a finally at 72°C for 10 min for final elongation.

3.4. Agarose gel electrophoresis

The PCR products were analyzed on agarose gel electrophoresis to ensure the sequence
amplification PCR. 1.7 g of agarose was dissolved in 100 ml 1x TAE buffer (50X TAE running
buffer contains (242g Tris base, 57.1ml glacial acetic acid and 100ml 0.5M EDTA (pH 8.0)).
Agarose was dissolved in TAE buffer and then 10 pl of Ethidium Bromide was added. after the
gel was solidify, 7 ul of each PCR products were loaded to each well, and electric current was
applied (120 voltage for 30 minutes). 100 bp ladder (Thermo Scientific) was used as a size marker.

Results were documented by gel-documentation system.

3.5. Restriction enzyme cutting for Surface (S) and Membrane protein (M)

insert gen.

The amplified S and M genes were precipitated by standard ethanol precipitation method.
About 1 pg from each gene was cut by two restriction enzymes (Sacl and HindlIl) for M gene
amplified segment, and (EcoRI and HindlI11) for S gene amplified segment. Restriction cutting was
done according to the standard cutting protocols and according to the manufacturer instructions
(NEB, USA). Simply restriction cut was done in 50 pl reaction with at least 100 units of restriction
enzyme. The same used restriction cutting enzymes were used to digest the used cloning plasmid
(pET-28a). The digested DNA was precipitated by standard ethanol precipitation protocol to
remove salts and to concentrate the DNA in small volume suitable for ligation reaction.

3.6. Ligation and transformation of surface and membrane gene insert in pET-
28a vector.

Ligation reactions between spiked and membrane DNA gene segments from one side and the
digested plasmid were performed in a reaction volume of 20 pl at 16 °C for 24 hours. The ligation

reaction included: 10 ul of the pET-28a expression vector ,7 ul of surface or membrane gene, 1 pl
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of T4 DNA ligase enzyme (Thermo-Scientific, USA) with its buffer in a total volume of 20 pul.
Later the ligation reactions for each S and M gene segments were transformed to E. coli BL21
competent cells by heat chock transformation method. The transformed bacteria cultured on LB

agar plates with 50 pg/mL kanamycin antibiotic.

3.7. S and M clones isolation.

The transformed bacterial BI21 E. coli cells were picked and cultured on LB agar by streaking
method and incubated for overnight at 37°C, then single colony was taken and cultured in 5 ml LB
broth and incubated at 37°C with shaker overnight. 500 ul of the bacterial cells were lysed by
boiling for 10 minutes to release its genome, then the free genetic material was obtained by
centrifugation for 5 minutes at high speed (14,000 rpm) followed by PCR using standard T3 and
T7 primers found on the used plasmid vector.

3.8. Purification and Sequencing of M and S amplified DNA segments.

PCR products were purified by PCR purification Kit (Qiagen, Germany), and according to
manufacturer's instructions. The amplified PCR DNA products were added into eppendorf tube
and their volume was increased by the addition of 100pl of sterile double distilled water. This was
followed by the addition of 300ul of binding buffer and the mixture was added into PCR
purification columns followed by centrifugation for 60 sec to discard flow-through. 700ul wash
buffer (ethanol) was added to the PCR purification column. The purified bound DNA was eluted
by the addition of 20ul double distilled water to concentrate the purified DNA. The purified DNA
was sent for DNA sequence analysis. Sequence analysis was done by dye terminator method, using
Automated DNA Sequencer machine (AB477).

3.9. SARS CoV-2 Surface and Membrane proteins expression and purification.

Expression and purification of both S and M proteins from the produced and confirmed clones
was done separately for each recombinant protein. Simply; this was done in 500 ml sterile flask,
containing 30 ml of LB broth media, to it 30 ul of 50 pg/mL kanamycin antibiotic and 0.5 ml of
the transformed overnight cultured bacteria was added. After 2 hours incubation at 37 °C , 30 ul
of 1 M Isopropyl-R3-D-thiogalactoside (IPTG) was added then incubated overnight at 37°C with
shaking in water bath. After 24 hours, the flasks were transferred to conical 15 ml tubes and
centrifuged at 5000 rpm for 10 minutes, the pellet was taken and stored with PBS buffer at- 20°C.

The produced pellet mixture in PBS was lysed using 0.5 ml of lysis buffer containing 10mg
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lysozyme. The mixture was incubated at 60°C for two hours, followed by sonication. The whole
lysed mixture was then centrifuged at high speed (14,000 rpm) for 10 minutes. The supernatant
was collected and protein concentration was measured by reading the mixture absorbance with

spectrophotometer at 280nm.

Figure 7: Isolation of single colony of S clone and M clones and their protein induction in 30 ml
LB broth. A: streaking results showing single colonies, B: protein expression induction

3.10. Enzyme Linked Immunosorbent Assay (ELISA) preparation using the

new recombinant antigens.

The extracted crude protein concentration was 0.5 mg/ml, its diluted in 1x PBS to 25ug /ml.
(10 x PBS contain 2.4 g KH2PO4, 17.8 g Na2HP4, 80 g NaCl). The first step in ELISA is coating
the recombinant antigen (Surface protein and Membrane protein) into two separate 96 wells plates
,100 ul of the recombinant was coated overnight at 4C. Blocking step done by adding 200 pl of
blocking buffer (PBS, 5% FCS: Fetal Calf Serum- sigma-Aldrich, Sant-louis-USA, 0.05%Tween-
20) for 20 minutes at room temperature then the blocking buffer was removed without washing.
Then, the samples and the negative and positive controls was serially diluted in the blocking buffer
as follow (1:20, 1:40, 1:80) ,100 ul of the diluted sample was added as duplicate and incubated at
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room temperature for two hours. the blank of every plate was the blocking buffer. After that, 3
times washing step was done by adding 200 ul of washing buffer (PBST: 1x PBS, .05% tween20).
The step after that is adding the secondary antibody protein-A conjugated to HRP to detect 1gG
antibody in the tested samples, the secondary antibody diluted to 1:5000 and 100 ul was added to
each well, incubated at RT for one hour, followed with 3 time washing as mentioned. Finally,
addition of 200 ul of substrate, the substrate mixture was done as follow: (2,2'-Azinobis 3-
ethylbenzothiazoline-6-sulfonic acid]-diammonium salt (ABTS) ,20 ml of 0.1M tri-sodium citrate
buffer (pH5) and 20ul of H202) and incubated a RT for 30 minutes. after that the absorbance was
measured by ELISA reader at 405 nm after blanking each plate.
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4.Results

4.1. Discovery of point mutation in previously cloned S and M gene segments.
In a previous work our lab was able to clone both S and M gene segments to be used in their
expression. The cloning protocol used restriction cut sequences (Sacl, HindlIl) that is linked at the
5" end of the designed primers. So, and upon digestion of the amplified PCR products of both S
and M DNA gene segments; new nucleotide sequence was introduced at the 5'end of both S and
M genes. These inserted nucleotides created frame shift mutations that produced different amino
acid sequence compared to the original S and M amino acid sequences. In this current study new
nucleotides were introduced in the currently used direct primers for both S and M. The introduced
nucleotides were not related to S and M DNA gene segments, but they enabled to keep the original
expressed amino acid sequence of these protein. As it could be seen in Table 1, two nucleotides
were inserted after Sacl cut site in the direct primers used for M gene amplification, and one

nucleotide was inserted after EcoRI restriction site in direct primer used in S gene amplification.

4.2. Amplification of S and M DNA gene segments:

10 PCR positive samples that collected from Hebron central corona lab, Palestine used to
amplify SARS Cov2 surface gen and SARS Cov2 membrane gens to be used later for cloning in
pET-28a plasmid. Figure 7 depicted the results of this amplification by agarose gel electrophoresis
analysis. The amplified DNA products using M direct and reverse primers were composed of
single unique band with an approximate size of 700 bp, while 2-3 banding pattern was obtained
using S primers. The amplified bands from the 10 positive samples either of S or M DNA gene
segments were grouped together (One tube for M and another for S gene segments). This PCR
products was used as a rich source for restriction enzyme digestion and later cloning in pET28-a

plasmid.
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Figure 8: Agarose gel electrophoresis analysis shows the amplified PCR DNA gene segments
targeting Membrane protein (upper) and Surface protein gene (lower) from SARS CoV-2 positive

samples. M: 100 bp DNA size marker.

31




Figure 9 shows the result of gel electrophoresis for PCR product of the extracted genome from the
clones that was suspected to have the gene of interest, the M gene is giving a clear single band

which suggest its suitability for the selected way of sequencing.

S amplified DNA gene M amplified DNA gene
Found in recombinant plasmids Found in recombinant plasmids

500 bp
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Figure 9: Agarose gel electrophoresis analysis showing the PCR products that was amplified from
recombinant plasmids containing Cov-2 DNA insert segments of both surface and membrane genes.
M: 100 bp DNA size marker.

4.3. DNA sequence analysis of cloned recombinant surface and membrane DNA
genes.

In part of this study, it was only possible to do DNA sequencing for M DNA cloned gene. The
fact that the amplified PCR products using S primers produced more that strong band, this imposes
restriction on the use of Sanger DNA sequence analysis. In the future it is possible to confirm the
S DNA gene segment by the use of next generation sequence analysis for the whole recombinant
plasmid.

Regarding the cloned M DNA gene, we confirmed its presence by direct sequence analysis
from the amplified PCR products. For this purpose, we sent 4 samples for DNA

sequencing and we used reverse and direct primers for sequence analysis.
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Query
Sbijct
Query
Sbijct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbjct
Query

Sbjct

60

27010

120

26950

180

26890

240

26830

300

26770

360

26710

420

26650

480

26590

540

26530

600

26470

GTATGCTGCGAAACCTGAGTCACCTGCTACAAACTGCGAAGCTCCCAATTTGTAATAAGA

Frerer rererrrrererrerererrer e rerr e e e e e e e
GTATGCAGCAAAACCTGAGTCACCTGCTACACACTGCGAAGCTCCCAATTTGTAATAAGA

AAGCGTTCGTGATGTAGCAACAGTGATTTCTTTAGGCAGGTCCTTGATGTCACAGCGTCC

FEETETEErEr et e e e e et e e e e e et e e e e e e el
AAGCGTTCGTGATGTAGCAACAGTGATTTCTTTAGGCAGGTCCTTGATGTCACAGCGTCC

TAGATGGTGTCCAGCAATACGAAGATGTCCACGAAGGATCACAGCTCCGATTACGAGTTC

FEETEEEErEr et e et e e et e e e e e et r e e e e e e e el
TAGATGGTGTCCAGCAATACGAAGATGTCCACGAAGGATCACAGCTCCGATTACGAGTTC

ACTTTCTAGAAGCGGTCTGGTCAGAATAGTGCCATGGAGTGGCACGTTGAGAAGAATGTT

FEETEEEEEEr et et e e et e e e e e e e e e e e e e e e e e
ACTTTCTAGAAGCGGTCTGGTCAGAATAGTGCCATGGAGTGGCACGTTGAGAAGAATGTT

AGTTTCTGGATTGAATGACCACATGGAACGCGTACGCGCAAACAGTCTGAAAGAAGCAAT

FEETETEErEr et e et e e e et et e v e e e e e e e e el
AGTTTCTGGATTGAATGACCACATGGAACGCGTACGCGCAAACAGTCTGAAAGAAGCAAT

GAAGTAGCTGAGCCACATCAAGCCTACAAGACAAGCCATTGCGATAGCAATTCCACCGGT

FEETEEEErrr et et e e et e e e e et e r e e e et e
GAAGTAGCTGAGCCACATCAAGCCTACAAGACAAGCCATTGCGATAGCAATTCCACCGGT

GATCCAACTTATTCTGTAAACAGCAGCAAGCACAAAACAAGCTAAAGTTACTGGCCATAA

FEETEEE PEr e e e e e et e e e e e et e e e e e e el
GATCCAATTTATTCTGTAAACAGCAGCAAGCACAAAACAAGCTAAAGTTACTGGCCATAA

CAGCCAGAGGAAAATTAACTTAATTATATACAAAAACCTATTCCTGTTGGCATAGGCAAA

FEETEEEErEr et e ettt r e e e e e e e e e e e e e e e e e e el
CAGCCAGAGGAAAATTAACTTAATTATATACAAAAACCTATTCCTGTTGGCATAGGCAAA

TTGTAGAAGACAAATCCATGTAAGGAATAGGAAACCTATTACTAGGTTCCATTGTTCAAG

FEErrerererrrrerer et e ettt et et et e e et e e e e e e
TTGTAGAAGACAAATCCATGTAAGGAATAGGAAACCTATTACTAGGTTCCATTGTTCAAG

GAGCTTTTTAAGCTCTTCAACGGTAATAGTAC 631

FEEETEEErr e e el
GAGCTTTTTAAGCTCTTCAACGGTAATAGTAC 26439

119

26951

179

26891

239

26831

299

26771

359

26711

419

26651

479

26591

539

26531

599

26471

Figure 10: Aligned M DNA gene sequences obtained after sequence analysis of the
amplified PCR products. (Query is The M sequence, Sbjct is SARS-CoV-2 genome.

BLAST analysis of the obtained sequencing data for M DNA gene segments showed a similarity
of (99.3%) with sequences of SARS-CoV-2 genomes found in GenBank (Figure 09). The aligned
sequence covering a region between 26439 bp up to 27010 bp in SARS-CoV-2 genome, this site

is responsible for coding the viral membrane (M) protein.

4.4. S and M proteins expression and purification.

After IPTG was added to induce the bacteria clone to express the Cov-2 surface cloned protein
and the Cov-2 Membrane cloned protein. Then the recombinant protein was extracted, and its
concentration was measured by spectrophotometer to be 0.5 mg/ml in order to be diluted to

25pg/ml and to be used in coating ELISA plates.
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4.5. Using the recombinant Cov-2 surface and membrane proteins in screening

of serum samples by Enzyme Linked Immunosorbent Assay (ELISA):

The recombinant S and M proteins were used in and ELISA serological tests to evaluate their
use in future screening purpose. Both extracted crude proteins were used in a diluted of 25 [g/ml
in PBS. 96 microtiter ELISA plates were coated with these recombinant proteins (each in different
plate). A total of 56 samples were used that were arranged into three groups: 1- 13 samples of
infected and vaccinated individuals. 2- 25 serum samples of vaccinated individuals and their sera
was collected 2-3 months post the second vaccination. 3- 18 serum samples of different aged
vaccinated individuals; their sera were collected at least 1.5 years after their second vaccination.
All serum samples were tested against M and S proteins after doing the following dilutions: (1:20,
1:40, 1:80). Blocking buffer is used as blank in every plate and stored serum before pandemic was

used as negative controls in every plate as well.

Tables 2-4 show the antibody titers obtained by ELISA test in comparative manner upon
coating with S or M recombinant proteins. In general, the total number of positive samples using
S proteins in ELISA test was relatively higher compared to obtained positive samples using M
recombinant proteins, the numbers were 39 positives using S proteins and 36 positives using M
protein. More important it was the antibody titers that are obtained in the positive’s samples using
S protein as an antigen were much higher than those antibody titers that were obtained using M

proteins.

It was clearly seen that serum samples that were previously infected and then vaccinated
have a higher rate of positivity (100%) using any of the two antigens in ELISA test, and these
samples showed the highest measured antibody titers (Table 2). Table 3 showed the results of
antibody titers of tested serum samples that were collected 2-3 months after vaccination, there is a
higher percentage of positivity and higher antibody titers compared to serum samples collected 1.5
years after vaccination (Table 4). In general S recombinant protein proved more suitable for
evaluating antibody titers in SARS-CoV-2 vaccinated groups, and it is clearly seen that antibodies

titers are decreased and the time relapse after vaccination.
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Table 2: Antibody titers of infected and vaccinated serum samples tested against S and M
protein antigens in an ELISA test.

Antibody titer Antibody titer

S Antigen M Antigen
2 1:80 1:80
3 1:80 1:40
4 1:80 1:80
5 1:80 1:40
6 1:80 1:80
7 1:80 1:40
8 1:80 1:40
9 1:80 1:20
10 1:80 1:20
11 1:80 1:20
12 1:80 1:40
13 1:80 1:20
Total positive samples 13 13
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Table 3: Antibody titers of vaccinated (2-3 months after vaccination) serum samples tested
against S and M protein antigens in an ELISA test.

Sample Antibody titer Antibody titer
Number S Antigen M Antigen
1 1:20 1:20
2 1:20 -ve
3 1:40 1:80
4 -ve -ve
5 1:20 1:20
6 1:20 1:20
7 1:20 1:20
8 1:20 1:20
9 1:40 1:40
10 1:20 -ve
11 -ve 1:20
12 1:20 1:40
13 1:20 -ve
14 1:20 1:20
15 1:80 1:40
16 -ve -ve
17 1:40 1:20
18 1:20 1:20
19 1:20 -ve
20 -ve -ve
21 1:20 -ve
22 1:20 1:20
23 -ve -ve
24 -ve -ve
25 1:20 -ve
Total positive samples 19 14
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Table 4: Antibody titers of vaccinated (at least 1.5 years after vaccination) serum samples tested
against S and M protein antigens in an ELISA test.

Sample Antibody titer Antibody titer
Number S Antigen M Antigen
1 1:20 -ve
2 -ve -ve
3 1:20 1:20
4 1:40 1:20
5 -ve -ve
6 1:20 -ve
7 1:20 -ve
8 -ve 1:40
9 -ve 1:20
10 -ve 1:20
11 1:20 1:40
12 -ve 1:20
13 -ve 1:20
14 -ve 1:20
15 -ve -ve
16 -ve -ve
17 -ve -ve
18 1:20 -ve
Total positive samples 7 9
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5. Discussion
SARS CoV-2 was first identified in Wuhan as a serious a respiratory disease. The disease

was conserved as a pandemic affecting many countries with symptoms that include fever, cough,
difficulty breathing. The virus is primarily spread through respiratory droplets. There is currently
no specific treatment for this disease, but research is ongoing to develop vaccines and treatments.
Serological monitoring of SARS-CoV-2 vaccinated individuals has become an essential
component in understanding vaccine effectiveness and assessing immune responses. Serological
tests measure the presence and levels of antibodies generated by the immune system after
vaccination. These tests provide valuable insights into the immune status of vaccinated individuals
and help evaluate the duration and strength of their immune protection against the virus.

One key objective of serological monitoring is to determine the vaccine's ability to elicit a
robust antibody response. By measuring the levels of specific antibodies, such as anti-Spike protein
antibodies, scientists can assess the vaccine's efficacy in stimulating an immune response. High
antibody titers suggest a strong and effective immune reaction, indicating a higher likelihood of
protection against SARS-CoV-2 infection. Monitoring antibody levels over time can also help
identify any decline in antibody titers and guide decisions regarding booster doses or the need for
additional vaccinations. Furthermore, serological monitoring can aid in assessing the duration of
vaccine-induced immunity. By regularly testing vaccinated individuals, researchers can track the
persistence of antibodies over months or years. This information is crucial in understanding the
longevity of vaccine protection and determining the optimal timing for potential booster shots.
Additionally, monitoring antibody levels can provide insights into the waning of immune response,
especially among specific populations such as the elderly or immunocompromised individuals who

may exhibit different antibody kinetics.

Recombinant antigens are playing a pivotal role in serological tests for SARS-CoV-2. These
tests detect the presence of antibodies in an individual's blood, aiding in the identification of past
infections or immune responses to the virus. Recombinant antigens are synthetic proteins that

mimic specific parts of the SARS-CoV-2 virus, allowing for accurate and reliable testing.
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One of the main advantages of using recombinant antigens is their high specificity. By
selecting and producing specific viral proteins, such as the spike (S) protein or nucleocapsid (N)
protein. Using these antigens ensures that the serological test can accurately differentiate between
antibodies generated in response to SARS-CoV-2 and those generated due to other coronaviruses

or unrelated pathogens, reducing the chances of false-positive results.

Recombinant antigens also offer scalability and reproducibility. These proteins can be
produced in large quantities using biotechnological methods, ensuring a stable and consistent
supply for widespread testing. Unlike traditional methods that rely on the cultivation of live viruses
or viral fragments, recombinant antigens provide a safer and more controlled approach. They
eliminate the risks associated with handling infectious materials and allow for standardized
production, resulting in uniform test performance across different laboratories. Furthermore,
recombinant antigens can be engineered to enhance their detection properties. By incorporating
specific tags or markers, such as fluorescent or enzyme labels, they enable easy visualization or
quantification of antibody-antigen interactions. This simplifies the interpretation of test results and
facilitates high-throughput screening, making them suitable for large-scale serosurveillance

studies or population-level assessments.

This study has successfully produced recombinant SARS CoV-2 Surface and Membrane
Protein, and used them to develop immunological test for detection of SARS CoV-2 1gG antibodies
in qualitative and quantitative manner, this method will provide continuous unexpensive source of

antigenic material for improving immunological tests like our developed ELISA test.

Escherichia coli strain used to clone, sequence, and express the SARS-CoV1 nucleocapsid (N)
protein. Using an ELISA test, the SARS-CoV1 specific 1gG antibodies from the serum of 16
SARS-CoV1-infected patients and 131 control persons were measured using purified N protein.
After 10, 20, and 30 days since the start of the disease, specific antibody responses to the purified
recombinant N protein were detected in the sera of 13 of 16 (81.3%), 16 of 16 (100%), and 16 of
16 (100%) SARS patients, respectively (Timani et al., 2004).
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Serological tests that available for measuring SARS-CoV-2 antibodies use different antigens,
their specificity and sensitivity still a challenge. Our study aimed to develop an “in-house”
serological ELISA to measure SARS-CoV-2 antibodies concentrations by using the two different
protein antigens (SARS CoV-2 Surface and Membrane protein) that recombinantly cloned in Al-
Quds University labs.

The sensitivity and specificity of the commercially available SARS-CoV-2 serological tests,
which are used to identify antibodies against S and N protein antigens, vary due to changes in the
time of performance and study population. The most popular antibodies for detecting SARS-COV-
2 infection in commercial ELISAs, which are often delivered as pre-coated plates, are IgM and

IgG or mixed 1gG and IgM antibodies (Vengesai et al., 2021).

According to a meta-analysis done recently, most studies' sensitivities and specificities,
respectively, ranged from 80% to 100% and 95% to 100%. Zhao in 2020 assessed the sensitivity
for all ELISA tests based on 1gG (n = 10) about 0.65 (95% CI 0.57-0.72). Kai-Wang's estimate
was 1.00 (95% CI 0.79-1.00). Ling Zhong in 2020 estimates specificity from 0.86 (95% CI1 0.51-
0.89) to 1.00 (95% CI 0.98-1.00) (Vengesai et al., 2021).

So, for all the ELISA tests based on 1gG, the sensitivity estimates ranging from 65% to 100%,
and specificity estimates ranging from 86% to 100% (Lagousi et al., 2021). Thus, our developed
ELISA using our cloned SARS-CoV-2 antigens (S and M) as capture antigens had comparable
specificity and sensitivity than commercially available ELISA diagnostic kits. Our “in-house”

ELISA corresponds with other commercial assays that report high sensitivity for 1IgG antibodies.

The diagnostic evaluation of specific antibodies against the SARS-CoV-2 virus is mainly
depending on spike (S) and nucleocapsid (N) proteins; however, the most abundant membrane (M)

protein is largely ignored in SARS-CoV-2 serology testing (Lopandic et al., 2021).

Other viral proteins, however, trigger an immunological response. There is currently little data
on the usage of M protein in COVID-19 serology assays. As a result, this study in addition to S
protein, also investigated the immunoreactivity of recombinant M protein with IgG antibody in
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serum samples from COVID-19 infected, convalescent, and vaccinated people. Our recombinant
developed and purified M protein revealed good IgG reactivity with serum samples from COVID-

19 infected, convalescent, and vaccinated people.

According to a 2021 study, The M protein's outer N-terminal section (19 aa) and internal C-
terminal tail (101-222 aa) were designed in silico and recombinantly synthesized and purified.
Western blot and ELISA were used to assess the developed M protein. The M antigen was tested
by western blot and demonstrated 19G and IgM reactivity with serum samples from COVID-19
convalescents. The M antigen was also tested in ELISA, more than 93% (28/30) of COVID-19
sera tested positive for IgM and 96% (29/30) tested positive for specific IgG to M protein.
(Lopandi¢ et al., 2021).

Regarding S protein, a study in April 2020, have optimized an ELISA against SARS-CoV-2
spike protein, the study used diluting sera 1:100 and goat anti-human Pan Ig secondary antibody
which maximized sensitivity and specificity of the assay. With specificity more than 99%, and a
sensitivity of 96%, the study concluded that ELISA assay can be used to identify prior SARS-

CoV-2 infections without molecular diagnostic confirmation (Freeman et al., 2020).

This assay can be adjusted for use in higher throughput serosurveys and in combination with

confirmatory testing could be used in an algorithm for informing individuals of prior infection

In 2021, Lopandi¢ used 20 sera samples , half of them positive with SARS-CoV-2 and the other
half is negative, these samples were used to test SARS-CoV-2 IgG and IgM reactivity by ELISA
assay, to optimize the new assay based on SARS-CoV-2 M protein. When utilizing M protein as
the coated antigen at a final concentration of 2 g/mL, the largest variation in OD values for negative
and positive sera for both classes of antibodies was observed (OD 0.054-1.750 for 19gG, OD 0.067—
1.547 for IgM) (Lopandi¢ et al., 2021).

Lopandi¢ also concluded that the tested sera had an optimal dilution of 1:50. The optimal
dilution of HRP-conjugated anti-human IgG and anti-human IgM was discovered to be 1:5000 and

1:8000, respectively, using this coated protein and serum concentration. The best cut-off value for
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IgG detection was 0.220 OD, based on that, sensitivity and specificity was 96.7% and 92.5%
respectively (Lopandi¢ et al., 2021).

Serological monitoring of SARS-CoV-2 vaccinated individuals is instrumental in evaluating
vaccine efficacy, understanding immune responses, and guiding public health measures. By
assessing antibody levels, duration of immunity, breakthrough infections, and population-level
effectiveness, serological monitoring helps optimize vaccination strategies, identify at-risk
populations, and inform policies to control the spread of COVID-19. Continued monitoring and
research in this field will contribute to our understanding of long-term vaccine protection and aid

in the ongoing fight against the pandemic.

In conclusion, the use of recombinant antigens in serological tests for SARS-CoV-2 has
revolutionized the field of diagnostics. Their high specificity, scalability, reproducibility, and
flexibility make them an indispensable tool for accurate and efficient detection of antibodies
against the virus. As the global fight against COVID-19, continues recombinant antigens will
continue to play a crucial role in serological testing, enabling us to better understand the spread of

the disease, monitor immune responses, and inform public health measures.

And finally, 1 would recommend to test the developed antigens on large numbers of samples
from different areas in Palestine, to assess the sensitivity and specificity of the developed ELISA,
to test the developed antigens on each given vaccine, to assess every vaccine effectivity, and to
purify the extracted antigens using any purification technique like nickel affinity chromatography
to have purer product.

42



A yall A2l il

G o (perhaall 5 SARS-COV-2 @ Gpbadl e CaiSll e liall (il jlsal (ELISA) sk 1ol siall
‘é{;h.d\ J\J_Aj\lgc;.dk‘;;ujlj‘): Aas

SAall sl ey 2 5 ubie aaal ) o7 Gl

Db pan ali Gy e (Rl salall Ll e DUl Cusnsall 2 Uy )8 ey d) SARS-COV-2 : dadiall
O = liall sl Gl ¢ ) paddil) @ okl sl skl e ae ll e Ay sl dadla (B B A5
Flasiind sa L Al o) Caagdl OIS 3 ol a5 apedaill Alaiual) Al ja g CaiSH 4 5 i Jlae) DA
i Bl e ELISA sl Laladiul s (membrane ) Sliall s (surface ) (abdl SARS-CoV-2 s

ELISA Jlaal (8 Gl iilS galadinl 4l 8 dauiinall clid gl delas (and (e (Sl

¢« BI21 E. coli LS plasinly SARS-COV-2 ¢ (S) it (x5 305 (M) (bl (i 5 pall Flacind &5 7 4y yhal)
Cmnilall 5 cpbiaall aa pall (e lgman ot Gl Cilisal) HLEAY i) 84l 53 shady 3 gad ELISA JLial o) ja) & o
ELISA (8 dauiinall (3 5 ) Claaiie aladiuly paadldl e

3 BI21 E. coli LS 8 Jlially adad) SARS-COV-2 (s n o Fluiinl e Liul ja il gl
335> 5all SARS-COV-2 e sin Judosi ae (799.3) dpnsiy Lol lpos Grasiinal) () (3 2k 3 jika ol
S Aaliiudl M 5 S ciliig g aladial LAl a3 e/ ane 0.5 38 s oA o5 ) adAl) &5 GenBank 4
5 L kil (e el 3-2 ey Lgmes 3 S deadll e ¢ ELISA Jlid) aladiuly dEi) (asdl) () 2
Gl A dulany) &l sae (IS (25/14 = 0) M 2aiin 45 )lie S acaiive aladial vie (25/19 = ) el dulay)
) il ) 8 M ainal 18/9 35S aaind 18/7 aphaill o Y e i 1.5 2 lran a3 ) Joadl)
saladll plual titer OS5 ¢ 36 ClS M acaiue & dulag)) Cliall 5 S aiaiives 8 39 dulag) ELISA dauis s
& o s Cupeal Al lial) & el sabaall sbua¥) Jle OIS ale JSE M aiaine (e el S aaiie Jagi )
kel e B 1.5 day Lgman o8 ) liaall ¢ 1T o ¢ bl (e el 3-2 aay Lgman o5 (A il 3 ¢ Lgapalas

Q;ﬁ}),d\o,q‘y;gELlSA)L.ﬁs\‘;Sme\qﬁul_ggm)jgcl;g&éh}dlMjsg\mtudiu\es:kaﬂ.ﬁ\
Cligad) aae 3aly 35 4l sl A all ol ¢ e gill 5 Al Clal Al (e Sl o) jals Liagl a5 Lae Lglaiind 5l < M

_Mgdﬁﬁomf,m QAJZ...»\J\J\‘;

43



6. References

Alandijany, T. A., & Faizo, A. A. (2021, December). Development of serological assays and
seroprevalence studies of the new coronavirus 2019 (COVID-19): reports from Saudi Arabia. In
Healthcare (Vol. 9, No. 12, p. 1730). MDPI.

Ashour, H. M., Elkhatib, W. F., Rahman, M. M., & Elshabrawy, H. A. (2020). Insights into the
recent 2019 novel coronavirus (SARS-CoV-2) in light of past human coronavirus outbreaks.
Pathogens, 9(3), 186.

Berkowitz, F. E., & Jerris, R. C. (2016). Practical medical microbiology for clinicians. John
Wiley & Sons.

Breton, G., Mendoza, P., Hagglof, T., Oliveira, T. Y., Schaefer-Babajew, D., Gaebler, C., ... &
Nussenzweig, M. C. (2021). Persistent cellular immunity to SARS-CoV-2 infection. Journal of
Experimental Medicine, 218(4).

Caruso, D., Zerunian, M., Polici, M., Pucciarelli, F., Polidori, T., Rucci, C., ... & Laghi, A.
(2020). Chest CT features of COVID-19 in Rome, Italy. Radiology, 296(2), E79-E85.

Corman, V. M., Landt, O., Kaiser, M., Molenkamp, R., Meijer, A, Chu, D. K,, ... & Drosten, C.
(2020). Detection of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR.
Eurosurveillance, 25(3), 2000045.

Coronavirus Recourses center, Johns Hopkins University CSSE COVID-19. (2023, June 11).
https://coronavirus.jhu.edu/map.html

Crowther, J. R. (2008). ELISA: theory and practice (\Vol. 42). Springer Science & Business
Media.

De Bruyn, A., Verellen, S., Bruckers, L., Geebelen, L., Callebaut, I., De Pauw, I., ... & Dubols, J.
(2022). Secondary infection in COVID-19 critically ill patients: a retrospective single-center
evaluation. BMC Infectious Diseases, 22(1), 207.

Diani, S., Leonardi, E., Cavezzi, A., Ferrari, S., lacono, O., Limoli, A, ... & Serravalle, E.
(2022). SARS-CoV-2—The role of natural immunity: A narrative review. Journal of Clinical
Medicine, 11(21), 6272.

Dong, E., Ratcliff, J., Goyea, T. D., Katz, A, Lau, R., Ng, T. K., ... & Gardner, L. M. (2022).
The Johns Hopkins University Center for Systems Science and Engineering COVID-19
Dashboard: data collection process, challenges faced, and lessons learned. The Lancet Infectious
Diseases.

Elshal, M. F., & McCoy, J. P. (2006). Multiplex bead array assays: performance evaluation and
comparison of sensitivity to ELISA. Methods, 38(4), 317-323.

Fans, S., & Krogfelt, K. A. (2021). How can we interpret SARS-CoV-2 antibody test results?.
Pathogens and Disease, 79(1), ftaa069.

44


https://coronavirus.jhu.edu/map.html

Freeman, B., Lester, S., Mills, L., Rasheed, M. A. U., Moye, S., Abiona, O., ... & Thornburg, N.
J. (2020). Validation of a SARS-CoV-2 spike protein ELISA for use in contact investigations
and serosurveillance. Biorxiv.

Guan, W.J., Ni, Z. Y., Hu, Y., Liang, W. H., Ou, C. Q., He, J. X., ... & Zhong, N. S. (2020).
Clinical characteristics of coronavirus disease 2019 in China. New England journal of medicine,
382(18), 1708-1720.

Harrison, A. G, Lin, T., & Wang, P. (2020). Mechanisms of SARS-CoV-2 transmission and
pathogenesis. Trends in immunology, 41(12), 1100-1115.

He, X., Lau, E. H., Wu, P., Deng, X., Wang, J., Hao, X., ... & Leung, G. M. (2020). Temporal
dynamics in viral shedding and transmissibility of COVID-19. Nature medicine, 26(5), 672-675.

Hui, D. S., Azhar, E. I., Madani, T. A., Ntoumi, F., Kock, R., Dar, O., ... & Petersen, E. (2020).
The continuing 2019-nCoV epidemic threat of novel coronaviruses to global health—The latest
2019 novel coronavirus outbreak in Wuhan, China. International journal of infectious diseases,
91, 264-266.

International Committee on Taxonomy of Viruses. (2022 December 12).
https://bio.libretexts.org/Bookshelves/Microbiology/Microbiology_(Boundless)/09%3A_Viruses
19.03%3A_Classifying_Viruses/9.3A%3A_The_International_Committee_on_Taxonomy_of Vi
ruses .

Kashir, J., & Yaginuddin, A. (2020). Loop mediated isothermal amplification (LAMP) assays as
a rapid diagnostic for COVID-19. Medical hypotheses, 141, 109786.

Ke, R., Romero-Severson, E., Sanche, S., & Hengartner, N. (2021). Estimating the reproductive
number RO of SARS-CoV-2 in the United States and eight European countries and implications
for vaccination. Journal of theoretical biology, 517, 110621.

Khade, S. M., Yabaji, S. M., & Srivastava, J. (2021). An update on COVID-19: SARS-CoV-2
life cycle, immunopathology, and BCG vaccination. Preparative biochemistry & biotechnology,
51(7), 650-658.

Kim, J. S., Lee, J. Y., Yang, J. W., Lee, K. H., Effenberger, M., Szpirt, W., ... & Shin, J. I.
(2021). Immunopathogenesis and treatment of cytokine storm in COVID-19. Theranostics,
11(1), 316.

Kragstrup, T. W., Vorup-Jensen, T., Deleuran, B., & Hvid, M. (2013). A simple set of validation
steps identifies and removes false results in a sandwich enzyme-linked immunosorbent assay
caused by anti-animal IgG antibodies in plasma from arthritis patients. Springerplus, 2(1), 1-10.

Lagousi, T., Routsias, J., & Spoulou, V. (2021). Development of an Enzyme-Linked
Immunosorbent Assay (ELISA) for Accurate and Prompt Coronavirus Disease 2019 (COVID-
19) diagnosis using the rational selection of serological biomarkers. Diagnostics, 11(11), 1970.

Lambert-Niclot, S., Cuffel, A., Le Pape, S., Vauloup-Fellous, C., Morand-Joubert, L., Roque-
Afonso, A. M., ... & Delaugerre, C. (2020). Evaluation of a rapid diagnostic assay for detection

45



of SARS-CoV-2 antigen in nasopharyngeal swabs. Journal of clinical microbiology, 58(8),
e00977-20.

Li, Y., Xie, Z., Lin, W,, Cai, W., Wen, C., Guan, Y., ... & Li, L. (2020). Efficacy and safety of
lopinavir/ritonavir or arbidol in adult patients with mild/moderate COVID-19: an exploratory
randomized controlled trial. Med, 1(1), 105-113.

Live, H., Abshire, D. M., Annenberg, W. H., Auchincloss, E. S., Auchincloss, M. L. S.,
Auchincloss, H. D., ... & Zinder, N. D. (2002). 2002-2004 SARS outbreak. Timeline.

Long, Q. X., Tang, X. J., Shi, Q. L., Li, Q., Deng, H. J., Yuan, J., ... & Huang, A. L. (2020).
Clinical and immunological assessment of asymptomatic SARS-CoV-2 infections. Nature
medicine, 26(8), 1200-1204.

Lopandi¢, Z., Proti¢-Rosié, 1., Todorovié, A., Glamoclija, S., Gnjatovié, M., Cujic, D., &
Gavrovi¢-Jankulovié, M. (2021). IgM and IgG immunoreactivity of SARS-CoV-2 recombinant
M protein. International journal of molecular sciences, 22(9), 4951.

Maia, R., Carvalho, V., Faria, B., Miranda, I., Catarino, S., Teixeira, S., ... & Ribeiro, J. (2022).
Diagnosis methods for COVID-19: A systematic review. Micromachines, 13(8), 1349.

Michel, C. J., Mayer, C., Poch, O., & Thompson, J. D. (2020). Characterization of accessory
genes in coronavirus genomes. Virology journal, 17(1), 1-13.

Ministry of Health, State of Palestine. (2023, June 11). https://www.moh.gov.ps/portal/en/

Pan, Y., Zhang, D., Yang, P., Poon, L. L., & Wang, Q. (2020). Viral load of SARS-CoV-2 in
clinical samples. The Lancet infectious diseases, 20(4), 411-412.

Peeling, R. W., Heymann, D. L., Teo, Y. Y., & Garcia, P. J. (2022). Diagnostics for COVID-19:
moving from pandemic response to control. The Lancet, 399(10326), 757-768.

Priip, B. M. (2022). Variants of SARS CoV-2: mutations, transmissibility, virulence, drug
resistance, and antibody/vaccine sensitivity. Frontiers in Bioscience-Landmark, 27(2), 65.

Redd, A. D., Nardin, A., Kared, H., Bloch, E. M., Pekosz, A., Laeyendecker, O., ... & Tobian, A.
A. (2021, July). CD8+ T-cell responses in COVID-19 convalescent individuals target conserved
epitopes from multiple prominent SARS-CoV-2 circulating variants. In Open Forum Infectious
Diseases (Vol. 8, No. 7, p. ofab143). US: Oxford University Press.

Remitente, R., Bar-On, Y. M., Gleizer, S., Bernsthein, B., Flamholz, A., Phillips, R., & Milo, R.
El nimero total y la masa de los viriones del SARS-CoV-2.

Schaecher, S. R., & Pekosz, A. (2010). SARS coronavirus accessory gene expression and
function. Molecular biology of the SARS-coronavirus, 153-166.

Schmidt, S. D., Mazzella, M. J., Nixon, R. A., & Mathews, P. M. (2012). A} measurement by
enzyme-linked immunosorbent assay. Amyloid Proteins: Methods and Protocols, 507-527.

46



Sette, A., & Crotty, S. (2020). Pre-existing immunity to SARS-CoV-2: the knowns and
unknowns. Nature Reviews Immunology, 20(8), 457-458.

Shah, V. K., Firmal, P., Alam, A., Ganguly, D., & Chattopadhyay, S. (2020). Overview of
immune response during SARS-CoV-2 infection: lessons from the past. Frontiers in
immunology, 11, 1949,

Sharma, G. D., Thomas, A., & Paul, J. (2021). Reviving tourism industry post-COVID-19: A
resilience-based framework. Tourism management perspectives, 37, 100786.

Sheikhzadeh, E., Eissa, S., Ismail, A., & Zourob, M. (2020). Diagnostic techniques for COVID-
19 and new developments. Talanta, 220, 121392.

Stadlbauer, D., Amanat, F., Chromikova, V., Jiang, K., Strohmeier, S., Arunkumar, G. A., ... &
Krammer, F. (2020). SARS-CoV-2 seroconversion in humans: a detailed protocol for a
serological assay, antigen production, and test setup. Current protocols in microbiology, 57(1),
e100.

Tabata, S., Imai, K., Kawano, S., Ikeda, M., Kodama, T., Miyoshi, K., ... & Tamura, K. (2020).
Clinical characteristics of COVID-19 in 104 people with SARS-CoV-2 infection on the Diamond
Princess cruise ship: a retrospective analysis. The Lancet Infectious Diseases, 20(9), 1043-1050.

Taefehshokr, N., Taefehshokr, S., Hemmat, N., & Heit, B. (2020). Covid-19: perspectives on
innate immune evasion. Frontiers in immunology, 11, 580641.

Timani, K. A, Ye, L., Ye, L., Zhu, Y., Wu, Z., & Gong, Z. (2004). Cloning, sequencing,
expression, and purification of SARS-associated coronavirus nucleocapsid protein for
serodiagnosis of SARS. Journal of clinical virology, 30(4), 309-312.

Tregoning, J. S., Brown, E. S., Cheeseman, H. M., Flight, K. E., Higham, S. L., Lemm, N. M., ...
& Pollock, K. M. (2020). Vaccines for COVID-19. Clinical & Experimental Immunology,
202(2), 162-192.

Turgeon, M. L. (2015). Linne & Ringsrud's Clinical Laboratory Science-E-Book: The Basics and
Routine Techniques. Elsevier Health Sciences.

U.S. Centers for Disease Control and Prevention. (2023 June 11). https://www.cdc.gov/

V’kovski, P., Kratzel, A., Steiner, S., Stalder, H., & Thiel, V. (2021). Coronavirus biology and
replication: implications for SARS-CoV-2. Nature Reviews Microbiology, 19(3), 155-170.

Vengesai, A., Midzi, H., Kasambala, M., Mutandadzi, H., Mduluza-Jokonya, T. L., Rusakaniko,
S., ... & Mduluza, T. (2021). A systematic and meta-analysis review on the diagnostic accuracy
of antibodies in the serological diagnosis of COVID-19. Systematic Reviews, 10(1), 1-23.

Viner, R. M., Russell, S. J., Croker, H., Packer, J., Ward, J., Stansfield, C., ... & Booy, R. (2020).
School closure and management practices during coronavirus outbreaks including COVID-19: a
rapid systematic review. The Lancet Child & Adolescent Health, 4(5), 397-404.

47



Wang, D. (2019). Interdigitated Microelectrodes for Bio-sensing Applications. Delaware State
University.

Wang, D., Hu, B., Hu, C., Zhu, F,, Liu, X., Zhang, J., ... & Peng, Z. (2020). Clinical
characteristics of 138 hospitalized patients with 2019 novel coronavirus—infected pneumonia in
Wuhan, China. jama, 323(11), 1061-10609.

Wang, T., Du, Z., Zhu, F., Cao, Z., An, Y., Gao, Y., & Jiang, B. (2020). Comorbidities and
multi-organ injuries in the treatment of COVID-19. The Lancet, 395(10228), e52.

World Health Organization. (2022, March 15). WHO Coronavirus (COVID-19) Dashboard.
https://covid19.who.int/

Wrapp, D., Wang, N., Corbett, K. S., Goldsmith, J. A., Hsieh, C. L., Abiona, O., ... & McLellan,
J. S. (2020). Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation. Science,
367(6483), 1260-1263.

Yin, S., Tong, X., Huang, A., Shen, H., Li, Y., Liu, Y., ... & Chen, Y. (2020). Longitudinal anti-
SARS-CoV-2 antibody profile and neutralization activity of a COVID-19 patient. Journal of
Infection, 81(3), e31-e32.

Younes, N., Al-Sadeq, D. W., Al-Jighefee, H., Younes, S., Al-Jamal, O., Daas, H. I., ... &
Nasrallah, G. K. (2020). Challenges in laboratory diagnosis of the novel coronavirus SARS-
CoV-2. Viruses, 12(6), 582.

Zhang, L., Liang, X., Li, Y., Zheng, H., Qu, W., Wang, B., & Luo, H. (2020). Diagnostic assays
for COVID-19: A narrative review. Journal of Bio-X Research, 3(04), 123-134.

Zhang, Q., Xiang, R., Huo, S., Zhou, Y., Jiang, S., Wang, Q., & Yu, F. (2021). Molecular
mechanism of interaction between SARS-CoV-2 and host cells and interventional therapy.
Signal transduction and targeted therapy, 6(1), 233.

Zhou, P., Yang, X. L., Wang, X. G., Hu, B., Zhang, L., Zhang, W., ... & Shi, Z. L. (2020). A
pneumonia outbreak associated with a new coronavirus of probable bat origin. nature,
579(7798), 270-273.

Zumla, A., Hui, D. S., & Perlman, S. (2015). Middle East respiratory syndrome. The Lancet,
386(9997), 995-1007.

48



