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Background: SARS-CoV-2 pandemic continues to threaten the human population with millions of infections and deaths worldwide.
Vaccination campaigns undertaken by several countries have resulted in a notable decrease in hospitalization and deaths. However,
with the emergence of new virus variants, it is critical to determine the longevity and the protection efficiency provided by the current
authorized vaccines.

Aim: The aims of this study are to provide data about the magnitude of immune responses in individuals fully vaccinated against
COVID-19 in Riyadh province of Saudi Arabia. Also, to evaluate the continuity of specific IgG levels and compare the titers in
individuals who have been received two doses of the matched and mixed vaccines, including Pfizer and AstraZeneca against SARS-
CoV-2 during the period of three to six months. Moreover, we analyze the current state of immune response in terms of antibody
responses in thepopulation postvaccination using homogenous or hetrogenous vaccine regimen.

Methods: A total of 141 healthy volunteers were recruited to our study; blood (n=63) and the saliva samples (n=78) and were
collected from fully vaccinated individuals in Riyadh city. We employed a specific ELISA assay in plasma and saliva of fully
vaccinated individuals.

Results: IgG levels varied with age groups with the highest concentration in the age group 19-29 years, but the age group (>50) had
the lowest IgG concentration. The IgG levels in both serum and saliva were higher after three months and start to wane after six
months. Individuals who received mixed types of vaccines had significantly better response than Pfizer vaccine alone.

Conclusion: The current study investigates the status of humoral responses in different age groups, in terms of antibody measure-
ments. These data will help to evaluate the need for further COVID-19 vaccine doses and to what extent a two-dose regimen will
protect vaccinated individuals.
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Introduction
The SARS-CoV-2 pandemic is still ongoing with more than 464 million infections and up to six million deaths.' Shortly
after the virus spread on a global scale, vaccine production and trials were started by several multinational pharma
companies and the vaccine produced by Pfizer/BioNTech was the first to be authorized for emergency use. However, the
duration of immunological protection at individual level still necessitates further investigation. Evaluating the durability
of the immune response induced by the SARS-CoV-2 infection, particularly the humoral immune response, is critical for
understanding the pathogenesis of SARS-CoV-2 and evaluating the protection efficiency of the current vaccines.”?
Human antibody responses against SARS-CoV-2* are generated by viral proteins such as spike glycoprotein (S
protein) and nucleocapsid protein, of which the former can induce neutralizing antibodies required for viral neutralization
and eradication by inhibiting viral interaction with the host cells.” SARS-CoV-2 penetrates host cells similarly to SARS-
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CoV-1 by binding to angiotensin-converting enzyme 2 (ACE2) using the S protein.® ACE-2 is expressed on the surface of
several cell types such as alveolar epithelial cells, small intestine epithelial cells, endothelial cells, and arterial smooth
muscle cells.””® SARS-CoV-2 S protein is approximately 180 kDa in size and is composed of S1 and S2 subunits, of
which the former contains the ACE2 receptor-binding domain (RBD, amino acid residues 331-524).°

The FDA approved the emergency use of SARS-CoV-2 mRNA vaccines with a two-dose schedule in December 2020;
BNT162b2/Pfizer for instance.'®'" While phase 3 trials for both vaccines showed excellent effectiveness in preventing
symptomatic SARS-CoV-2 infections after the second dose, new studies suggest that a single dose is enough to increase
immunity to high levels in previously infected people.'> !> Since anti-SARS-CoV-2 seropositivity significantly exceeds

16,17

reported COVID-19 cases in the population, it is crucial to see if vaccination response patterns change depending on

SARS-CoV-2 exposure history. This is very important because the majority of infections are asymptomatic or mild, and
the intensity of symptoms predicts the level of antibodies following natural infection.'®'?
Our research group sought to determine the level of serum and saliva anti-S IgG titer among different age groups and

assessed the persistent of antibodies following two doses of different COVID-19 vaccines.

Materials and Methods

Sample Collection

A total of 141 healthy volunteers were recruited to our study and were collected from fully vaccinated individuals in
Riyadh city. The collection time of samples was after three and six months of vaccination. One group provided blood
samples (n=63) and the other group provided saliva samples (n=78) and all were collected at the blood bank departments.
The mean age was 32 years (range: 13—88 years). All of the subjects received two doses of COVID-19 vaccine either of
Pfizer BNT162b2, AZD1222, or a mixture of vaccines, between February 17 and September 11, 2021. Of the enrolled
participants, 72 subjects (51.1%) received Pfizer BNT162b2, 31 (21.9%) of AZD1222 and 38 (26.9%) immunized with
mixture of Pfizer BNT162b2 and AZD1222.

Ethical Approval

The study was approved by the research ethics committee at King Saud University Medical City (22/0063/IRB) and
followed the Declaration of Helsinki ethical standards. All subjects signed written informed consent before conducting
the experiments. Also, parent or legal guardian of participants under 18 years of age provided informed consent.

Inclusion and Exclusion Criteria

The eligible participants for this study had experienced no recurrent infection or chronic diseases. Only individuals who
had received two doses of COVID-19 vaccines either of the same type or mixed doses were included in our study. The
exclusion criteria were pregnancy, immunocompromised people, diabetic, blood hypertension, organ graft, autoimmunity
diseases and allergic, and chronic disease. All important information was collected from volunteered individuals who
want to participate in the study; such as age, gender, date of the second dose of vaccine whether infected with SARS-
CoV-2 or not during the pandemic according to a government application developed for citizens known as Tawakkalna.

Samples Processing
Blood was collected from the volunteers in an anticoagulant tube, later plasma was separated by centrifugation. The
whole saliva samples were self-collected using saliva tubes provided in this study. In terms of saliva samples, viral

]20

inactivation with heat treatment at 56°C for 30 min was performed as described in Alkharaan et al.”” The processed

samples were distributed into aliquots to avoid freeze-thaw recycle and were kept at —80°C for further analysis.

Measurement Anti-IlgG SARS-CoV-2 Using ELISA Assay

To detect SARS-CoV-2 anti-S IgG antibodies, a specific SARS-CoV-2 IgG ELISA kit was used (BGI Europe A/S)
according to the manufacturer’s instructions. The specificity and sensitivity of IgG antibody ELISA kit is 98.38% and
98.71%, respectively. Briefly, pre-coated 96-well with purified SARS-CoV-2 viral antigen ELISA plates were used.
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Positive and negative controls (to calculate the cutoff) and blanks were used in this assay. One hundred microliters of
positive and negative controls were added to the assigned wells without dilution, and no liquid was added to the blank
well. A 10 pL of the plasma and 20 pL of saliva were added to each well along with 100 pL of sample diluent buffer, and
the plate was incubated at 37°C for 30 min. The plates were then washed 3—5 times using ELISA washer. A volume of
100 pL of anti-human IgG-HRP (conjugated antibody) was added to each well and incubated for 20 min at 37°C. The
plates were washed 3-5 times, and 50 pL of substrates (A and B) were added to each well and incubated in the dark for
10 min at 37°C. Finally, 50 pL of the stop solution was added to each well. The optical density was determined at 450
nm. All samples were subtracted from the blank. The cutoff values (0.235) for anti-SARS-CoV-2 IgG antibody detection
was calculated according to kit instructions (0.1 + mean absorbance (0.135) of the two negative controls).

Statistical Analysis

All data analysis was performed using GraphPad Prism statistical software. The response of IgG antibody was presented
as standard error of mean (SEM) in unit/mL. Differences between independent groups were analyzed using Mann—
Whitney U-test. The correlation coefficient between age and antibody titers was analyzed using Pearson's test. A p-value
<0.05 was considered significant.

Results

Characteristics of the Participants

The level of antibodies in different gender and different vaccine was presented in Table 1, Females have slightly higher
titer of IgG antibody than males (p=0.012) in plasma samples even in saliva, but there was no significant differences.
Also, there are no differences between smoker and nonsmoker group but smoking has a slight effect on the induction of
IgG level in plasma and saliva.

IlgG Antibody Titer in Plasma and Saliva is Age Dependent

To investigate if any correlation between the ages (13 and 88 years) and the antibody levels exist, we measured the levels
of antibody in plasma and saliva of different age groups. As shown in (Figure 1A), we observe a negative correlation
between plasma antibody titer and age (n=63, r= —0.32, p=0.01). The result showed that different age groups have
different level of IgG antibodies, 13—18 years, (2066 unit/mL), 19-29 years (2128 unit/mL), 30-39 years (2588 unit/mL,
40-50 years (2024 unit/mL) and >50 years (2064 unit/mL) (Figure 1B). The older group (<50) shows the lowest titer of
anti-S IgG antibodies in comparison with 30—39 years (p=0.02) and 19-29 years (p=0.02). The highest antibody titer was
observed in the age group 19-39 years. As shown in (Figure 1C), in saliva, there was a similar pattern of significant
correlation with age (n=78, = —0.3, p=0.02).

The Levels of IgG Antibody Titer Waned Six Months Postvaccination

A significant increase was noticed after the second dose of SARS-COV-2 vaccine, followed by a gradual decrease in the
level of IgG in plasma. It was also noticed (Figure 2A) in the participants that after three months, the titer of IgG in their
plasma was higher than after six months following the immunization (2125 vs 1804 unit/mL, p=0.003). Also, IgG in
saliva (Figure 2B) remarkably decreased after six months in comparison to three months postvaccination (45.44. vs
23.38; p=0.005).

Different Vaccine Types Lead to Variable IgG Titers

To assess the level of IgG in response to different vaccine types, several subjects were analyzed. As shown in Figure 3A,
the mixture of vaccines had a significantly better response than the Pfizer vaccine alone (2424 vs 2080; p=0.02).
Interestingly, the response observed in the AstraZeneca group is slightly lower (but not significant) than the mixed
vaccine group (2213 vs 2424) but they were both more than the Pfizer group (2080). In case of saliva IgG (Figure 3B),
mixed vaccines had slightly increased the level of IgG (51 units/mL) compared to single vaccine Pfizer (44 units/mL) and
AstraZeneca (48.75 units/mL).
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Table 1 The Demographic Data of 141 Participants Vaccinated with Different COVID-19 Vaccines

Variables Plasma Group Saliva Group

N. (%) Mean p-value N (%) Mean p-value
Age range (mean)
13-88 (31.93)
Samples no. 63 (44.7) 78 (55.3)
Gender
Male 50 (79.36) 2130 0.012* 53 (79.36) 522 >0.05
Female 13 (20.63) 2386 25 (20.63) 41.4
Smokers 15 (23.81) 2018 0.12 22 (28) 68.5 0.2
Nonsmokers 48 (76.19) 2234 56 (71.7) 80.6

Vaccine type

Pfizer-BioNTech 37 (26.3) 2080 *0.01 35 (24.8) 442 >0.05
AstraZeneca 12 (8.5) 2213 19 (13.4) 48.7
Mixed vaccines (heterogeneous) 14 (10) 2424 24 (17) 50.5

Note: *p-<0.05 is considered significant.

The IgG Levels Waned After Two Doses of Pfizer-BNT162b2 in Age Over 50

We have shown that the IgG levels waned after two doses of Pfizer-BNT162b2 in both plasma (Figure 4A, n=37, r=
—0.35, p=0.03) and saliva (Figure 4B, n=35, r=—0.32, p=0.06), whereas the levels remained approximately constant after
two doses of AZD1222 or mixed vaccine.

Discussion

Different vaccines to combat the deadly COVID-19 pandemic have been approved worldwide.>' These vaccines are
produced by using a variety of platforms, including mRNA targeting particular SARS-CoV-2 antigens, viral-vector-
based, or inactivated-virus-based vaccines, with intramuscular injection being the most common method of
administration.”' ** To date, all vaccinations approved for use in the general public have demonstrated seroconversion.”'
Since oral and nasal routes are the most favoured pathways for respiratory viruses, we investigated whether we can
monitor antibody responses in individuals vaccinated against COVID-19 with the currently available vaccines. In the
present study, we measured the magnitude of persistence of antibodies in plasma and saliva in individuals vaccinated
with currently available anti-COVID-19 vaccines. The longevity of IgG antibody responses following two doses of
SARS-CoV-2 vaccine regimens in both the plasma and saliva will decide the time point at which the booster dose should
be administered to the vaccinated population.

We showed that antibody titer might be affected by gender. The number of female samples was very low, but we
demonstrated that a higher anti-SARS-CoV-2 IgG is found in females than males (Table 1). The results are consistent
with other study observation noted that females generate stronger humoral immunity and greater vaccine efficacy than
males.”**> Also, smoking may reduce the effectiveness of the vaccine. In our result, we noted that the smokers have
lower antibody level than nonsmokers (Table 1). Other study showed the smokers were at risk of a reduced immune
response to COVID-19 vaccines, although more research is needed before firm conclusions can be drawn.?

Our data shows that IgG titer response to SARS-CoV-2 antigen is generated both in systemic or mucosal compart-
ments following the second dose of vaccine regimen. The antibody response against SARS-CoV-2 involves production of
high concentrations of specific IgG in systemic circulation that then migrate to other mucosal sites but are detectable in
very low amounts in saliva and other sites, even though the level of total IgA is high.?” In the current study, the IgG
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Figure | An association between anti-S IgG antibody and age group. (A) Different age groups and number of samples in each group. Nonparametric Mann—Whitney U-test
was used to compare between different age group. (B) Negative correlation of antibody with age (13-88 years) and the correlation was analyzed using Pearson's test, (N=63,
r=—0.32, p=0.01). (C) Negative correlation of saliva IgG with age; and analyzed using Pearson's test, (N=78, r= —0.3, p=0.02).

antibody response to SARS-CoV-2 was examined over a period of 180 days (six months) in both biofluids: plasma and
saliva. The persistence of IgG was noticed until 120-160 days which then slowly declines within the time period of 180
days. Our group and other groups®*® have noticed that saliva shows the presence of SARS-CoV-2 specific IgG. We have
found there was no decline in the level of anti-spike IgG over the three-month period in plasma. Similar to plasma data,
anti-IgG levels to SARS-CoV-2 antigens remains constant over the three-month period.

Our findings demonstrated that the level of anti-spike IgG was significantly declined in aged people after six months
of having two doses of vaccine, suggesting that a third dose may be required to enhance their immune response. Other
studies considered that decline is age dependent both in plasma and saliva.?’?*** A study on healthcare workers support
an inverse correlation between antibody response and age in those receiving BNT162b2 vaccine or the AZD1222
vaccine.”* Also, line with our findings, it has been reported that anti-SARS-CoV-2 antibody titer in older participants is
significantly declined at six months after receiving two doses of BNT162b2 vaccine, and interestingly the smoking and
age were the most important factors associated with lower antibody titers.’' Alkharran et al*® have shown that the IgG
level remained constant in blood and saliva in most COVID-19 patients who had recovered from mild symptoms up to
nine months and which can be considered as durable in relative to IgA antibody.

Previous studies of severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) found
antibodies in 80—100% of patients two weeks after symptoms onset.>*>* MERS and SARS antibody levels persist for
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Figure 3 IgG titer in plasma and saliva after different vaccine. The level of antibodies between different vaccine types was considered in those subjects. (A) Plasma samples,
Pfizer; n= 7; AstraZeneca; n=12, mixture vaccine; n=14. (B) Saliva samples, Pfizer; n=35; AstraZeneca; n=19, mixture vaccine; n=24. Nonparametric Mann—Whitney U-test
was used to compare between different vaccine types. All data presented as standard error of mean (SEM).

two to three years following symptom onset.***> Previous reports have shown that patients infected with SARS-CoV-2
rarely produce specific antibodies (Abs) within the first seven days of symptoms. Also, more than 90% of SARS-CoV-2
patients acquire specific IgM and IgG antibodies within 10—11 days following the start of symptoms.*®>* Within 17 to 19
days after appearance of symptoms, 100% of patients tested positive for virus-specific IgG, whereas the proportion of
patients with virus-specific IgM peaked at 94.1% 20 to 22 days later.>”

During SARS-CoV-2 infection, the kinetics of the immune response, its magnitude, and its connection to disease
severity have all been thoroughly studied.** The immune response and the level of IgG titer is reduced in the
asymptomatic,>® whereas the level of Ab titer is different between the patients regardless of the clinical course of
SARS-CoV-2 infection, and approximately 5% of patients have undetectable antibody titers even with confirmed
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Figure 4 The IgG levels waned post two doses of Pfizer-BNT 162b2 in the aged group. (A) Negative correlation of antibody with age after two doses and the correlation
was analyzed using Pearson's test, (N=37, r= —0.35, p=0.03). (B) Negative correlation of saliva IgG with age; and analyzed using Pearson's test, (N=35, r= —0.32, p=0.06).

infection.*! Several long-term studies have found that most patients have detectable SARS-CoV-2 antibody responses up
to 13 months after infection, suggesting that it may continue much longer than expected.***>

Intriguingly, the persistence of salivary secretory antibodies after several months’ postvaccination could possibly be
explained by the presence of circulatory determinants of viral protection and their presence in the oral mucosal cavity.
However, data explaining this phenomenon in SARSCoV-2 infection or postvaccination is still very rare and further
studies are required to decipher the mechanism.

For SARS-CoV-2 immunization, a novel technique known as the “mix-and-match” approach has developed, which
may be required as evidence against vaccine supply disruptions and may also assist to limit the transmission in
developing variations.*® Currently, several studies have revealed that mixing the Oxford AstraZeneca and the Pfizer
BioNTech vaccines induces a more significant immune response than two doses of the same vaccine.*’ >° Similarly, we
observed that the mixed vaccine of Oxford AstraZeneca and the Pfizer BioNTech offers significantly better response and
induced higher IgG levels than receiving two doses of Pfizer BioNTech (Figure 3), suggesting the importance of this
approach to overcome vaccine shortage and induce an effective immune response against SARS-CoV-2 infection. We
have shown that the IgG levels in the aged group waned after two doses of BNT162b2 (Figure 4), whereas levels
remained approximately constant after two doses of AZD1222 or mixed vaccines. This could provide an important lead
for future vaccination strategy keeping in view the availability factor too. Our data supports this in conformity with other
studies.’'?

Although current vaccines have offered effective immune response against SARS-COV-2 infection, mutations
occurring in the genome of SARS-CoV-2 have led to development of variants of concern that can reduce effectiveness
of the available current vaccines.*® Furthermore, former studies on using heterologous vaccines have shown great success
of vaccine performance through inducing both higher T-cell and humoral immune response.” Moreover, to address the
issue of vaccine shortage in developing countries, and evoke greater immune response in the recipients, the mix-and-
match vaccine approach can serve as an effective tool in the vaccination campaign against COVID-19.%¢

Conclusions

The novelty of our study is that we included the individuals who had received mixed doses of vaccine and compared it to
the individuals who had received two shots of individual vaccines. This provided an added benefit of the study to
determine if the vaccine mix could provide better protection compared to individual vaccines in terms of salivary
antibodies. Moreover,a this could provide additional evidence whether there exists any medium or long-term benefit of
individual vaccines and more importantly, the vaccine mix. Our data indicates that the combi-vaccine mix offers more
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protection in terms of magnitude of secretory and systemic antibody responses. Thus, the secretory antibodies in saliva
may offer primary protection against respiratory viruses. The same could be true for SARS-CoV-2 infection and
postCOVID-19 vaccination. The response of antibody starts to decrease after six months and might become undetectable
after 12 months, therefore a third dose is recommended to be taken to boost the immune response, especially in elderly
and immunocompromised people.

Future Direction

Several aspects of humoral immune response, threshold titers of neutralizing antibodies required for protection, and the
durability of immunity induced by natural infection or after COVID-19 vaccination are still being investigated, and future
studies are expected to yield more specific conclusions about protection against SARS-CoV-2 infection. More research is
needed to determine how long these immune responses can last and if booster doses are necessary. Variations of SARS-
CoV-2 are now emerging as a significant factor in evaluating whether COVID-19 vaccines will be effective against these
novel variants. As a result, a deeper knowledge of the nature and duration of immune responses following viral infections
or after COVID-19 vaccination is essential for revealing immunological systems implicated in reinfection and vaccine

protection.”
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