Infection and Drug Resistance Dove

ORIGINAL RESEARCH

Persistence of Anti-SARS-CoV-2 Spike IgG
Antibodies Following COVID-19 Vaccines

Naif Khalaf Alharbi "2, Jaffar A AI-Tawﬂq3_5, Amal Alwehaibe', Mohamed W Alenazi', Abdulrahman Almasoud',
Abdullah Algaisi®, Fahad A Alhumaydhi(’, Anwar M Hashem®?, Mohammed Bosaeed (®'*'°,
Suliman A Alsagaby '

'Vaccine Development Unit, King Abdullah International Medical Research Center (KAIMRC), Riyadh, Saudi Arabia; >College of Medicine, King Saud
bin Abdulaziz University for Health Science (KSAU-HS), Riyadh, Saudi Arabia; 3Specialty Internal Medicine and Quality Department, Johns Hopkins
Aramco Healthcare, Dhahran, Saudi Arabia; *Infectious Diseases Division, Department of Medicine, Indiana University School of Medicine,
Indianapolis, IN, USA; SInfectious Diseases Division, Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, MD, USA;
éDepartment of Medical Laboratory Sciences, Faculty of Applied Medical Sciences, Jazan University, Jazan, Saudi Arabia; ’Department of Medical
Laboratories, College of Applied Medical Sciences, Qassim University, Buraydah, Saudi Arabia; ®Vaccines and Immunotherapy Unit, King Fahd Medical
Research Center, King Abdulaziz University, Jeddah, Saudi Arabia; Department of Medical Microbiology and Parasitology, Faculty of Medicine, King
Abdulaziz University, Jeddah, Saudi Arabia; '°King Abdulaziz Medical City (KAMC), Ministry of National Guard — Health Affairs (MNG-HA), Riyadh,
Saudi Arabia; ''Department of Medical Laboratory Sciences, College of Applied Medical Sciences, Majmaah University, Al Majmaah, Saudi Arabia

Correspondence: Naif Khalaf Alharbi, Email naifkhalaf2014@gmail.com

Purpose: This study was conducted to investigate antibody immune responses induced by BNT162b2 and AZD1222 human COVID-19
vaccines in Riyadh city, Saudi Arabia.

Patients and Methods: ELISA was used to evaluate antibodies, against the SARS-CoV-2 spike S1 protein, in serum samples from 432
vaccinated individuals at six time points: pre-vaccination (baseline), post-prime, post-boost, 6-months, and 1 year post-vaccination, and 3
weeks post a third dose. Virus microneutralization assay was used to confirm antibody responses in a subset of samples.

Results: Anti-SARS-CoV-2 spike IgG were detected in most subjects post-prime, reached a peak level post-boost, and remained at
high level at the 6-month follow-up. At 1 year post-vaccine, the antibody levels were low but increased to a significant level higher
than the peak following a third dose. The third dose was given at an average of 250 days after the second dose. The virus
microneutralization assay confirmed the neutralization activity of the induced SARS-CoV-2 IgG antibodies. The vaccines induced
higher IgG titres at post-prime (p=0.0001) and 6 months (p=0.006) in previously infected individuals. An increased interval between
prime and boost, more than recommended time, appeared to enhance the IgG levels (p=0004). Moreover, the vaccines induced higher
IgG levels in younger subjects (p=0.01).

Conclusion: These data provide insights and build on the current understanding of immune responses induced by these two vaccines;
and support a third boosting dose for these COVID-19 vaccines.
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Introduction
The severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) is a virus that caused the coronavirus disease 2019
(COVID-19) pandemic.'* Infection with this coronavirus was first reported on December 31, 2019 in Wuhan, China.*”
The World Health Organization (WHO) had reported more than 517 million infected individuals and more than 6 million
deaths in the world as of May 16, 2022.* There are currently a number of approved COVID-19 vaccines that have been
developed using different biotechnological platforms and are available worldwide. These vaccines can vary in terms of
side-effects, immunogenicity, efficacy, and duration of protection.’

The Pfizer-BioNTech COVID-19 vaccine (BNT162b2) is based on nanoparticles encapsulated mRNA; it was approved for
emergency use in adults and adolescents® by the US Food and Drug Administration (FDA) on December 11, 2020.” The

vaccine should be administered as two doses with a 21-day interval,® and has high efficacy of 95% against symptomatic
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COVID-19 in adults.® Although reports of an allergic reaction (anaphylaxis) after receiving the first dose of the vaccine have
emerged, the vaccine's adverse events were acceptable and similar to those following previously implemented vaccines.'®

The Oxford-AstraZeneca COVID-19 vaccine (AZD1222) is a chimpanzee adenoviral vectored vaccine, which has
been developed by Oxford University in collaboration with AstraZeneca.” Reports of safety and efficacy of the vaccine
showed an acceptable safety profile in adults aged 18 years and older, with an efficacy of 70.4% against symptomatic
COVID-19."" Thromboembolic events have been initially reported following the use of AZD1222 vaccine'*'? although
this has also been reported for mRNA based COVID-19 vaccines.'*

These COVID-19 vaccines, in addition to others, are recommended by the WHO and other health agencies in order to provide
active acquired immunity against SARS-CoV-2 and control the COVID-19 pandemic by blocking the virus transmission and
reducing the number of symptomatic cases.'> They induce immune responses against SARS-CoV-2, leading to protection from
COVID-19 pathology and clinical manifestations.'® Immune responses measured post-vaccination are mainly serum IgG
antibodies (Ab) and vaccine-specific effector T cells, indicative of humoral and cellular immune responses, respectively.'” IgG
antibodies were induced to high levels post-COVID-19 vaccines although there is no defined level as a correlate of protection.'®

Several studies have reported immune responses post-COVID-19 vaccination; a large cohort study of 4,868 subjects
was performed to measure the levels of IgG and neutralizing antibodies at 6 months post the second dose of BNT162b2
vaccine. The levels of IgG and neutralizing antibodies decreased within the six-month follow-up by 18-times (Ratio of
antibodies was 29.3 at the peak and 1.6 at 6 months). IgG and neutralizing antibody levels were lower among males,
older age, and participants with immunosuppression during the peak time, which is 4-30 days post-vaccination.'” A
significant increase in IgG responses to the BNT162b2 vaccine after the second dose followed by a decrease at 6-months
post-vaccination were reported in another study of 122 participants. Older age was found to correlate with lower
responses to COVID-19 vaccines and fewer side-effects among vaccinated individuals.”® Pre-existing immunity from
previous natural SARS-CoV-2 infections contribute to higher levels of IgG antibodies than immune responses in
vaccinated subjects who did not acquire the infection prior to vaccination.”' This was significant and much evident
after one dose of either BNT162b2 or AZ1222. This observation was not related to gender and was mainly due to pre-
existing immunity that was boosted by single doses.”'

Therefore, this study was conducted in order to explore IgG antibody responses following BNT162b2 and AZD1222
vaccines in a cohort in Saudi Arabia. Here, serum antibody levels were measured in a group of vaccinated individuals up to a
year post-vaccination. We report IgG antibody levels in relation to the time points: pre-vaccination (baseline) or post-
vaccination (post-prime, post-boost, 6-months and 1-year post-boost, and post-third dose). Antibody responses in relation
to vaccine type, interval between prime and boost vaccination, age, gender, chronic diseases or co-morbidities, and prior
COVID-19 infection were evaluated. This study provides real-world data that could add to clinical trial data of the two
vaccines. It also provides understanding of the vaccine induced immune responses to better control the COVID-19 pandemic.

Materials and Methods

Samples and Data Collection

In this study, clinical data were collected from vaccinated subjects who received either BNT162b2 or AZD1222 vaccines
as one or two doses, by reviewing their medical records at the King Abdulaziz Medical City (KAMC), Ministry of
National Guard — Health Affairs (MNG-HA). Blood samples were collected at baseline (pre-vaccination). Further blood
samples were collected from January 2021 through January 2022 at the following time-points: 3 weeks post-prime (for
BNT162b2) or 1-month post-prime (for AZD1222), 1-month post-boost (for both vaccines), 6 months and 1-year post-
boost, and 3 weeks post a third dose of BNT162b2. The blood samples were left in 4°C for at least 1 hour to clot before
being spun, and sera were isolated and stored in —80°C freezers until the day of testing. The total number of samples
collected was 666 (from 432 vaccinated individuals, Table 1). The availability of each sample at each time point is shown
in Supplementary Table S1. It should be noticed though that not all of the individuals were available for sampling at all

the time points. Supplementary Table S1 shows the collection of samples from the cohort individuals at each time point.

In addition, serum samples (n=119) from non-vaccinated convalescent cases who recovered from COVID-19 3—5 months

prior to sample collection and before the implementation of COVID-19 vaccine program were used as comparative
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Table | Number of Samples Collected from Vaccinated
Individuals at Different Time Points

Time Point Number of Samples
Baseline 231

Post-prime 232

Post-boost 127

6 Months 47

12 Months 4

Post-3rd dose 25

Convalescent 119

Total tested samples 785

controls in this study. Blood samples that were collected from five healthy donors prior to the COVID-19 pandemic were
used as ELISA negative control; to calculate endpoint titres of IgG. The inclusion criteria were the reception of either
BNT162b2 or AZD1222 COVID-19 vaccines and willing to donate blood and consent for access to clinical data, with no
exclusion criteria.

ELISA

Enzyme-linked immunosorbent assay (ELISA) was developed to detect SARS-CoV-2 IgG for serum samples according
to previously published protocols.”*** A recombinant S1 subunit of the SARS-CoV-2 spike protein (Sino Biological,
Beijing, China) was used to coat Nunc MaxiSorp 96-well ELISA micro-plates (Thermo Fisher, Waltham, MA) at a
concentration of 1 pg/mL and incubated overnight at 4°C. The following day, the plates were washed with washing
buffer (phosphate buffered saline (PBS) with 0.5% Tween20, PBS-T) using an automated Micro-plate Washer (Molecular
Devices, San Jose, CA) and blocked with blocking buffer (washing buffer containing 10% skimmed milk) at 37°C for 1
hour. Plates were then washed and serum samples diluted in a 3-fold serial dilution starting from 1:100 in PBS-T were
added into duplicate wells and incubated for 2 hours. Following a wash, plates were then incubated with alkaline
phosphatase labeled goat anti-human IgG secondary antibody (Thermo Fisher, Waltham, MA) at 37°C for 1 hour. After a
wash, the plates were incubated with PNPP (pnitrophenylphosphate, sigma) substrate at 37°C for 30 minutes. The optical
density (OD) was measured at 405 nm using Micro-plate Reader (Molecular Devices, San Jose, CA). The endpoint titer
for each tested serum was determined as the reciprocal value of the serum dilution with OD value converging with the

cut-off. The cut-off was determined as the average OD of the negative control sera plus 3 SD as described previously.>*??

SARS-CoV-2 and Microneutralization Assay

SARS-CoV-2 was isolated from a confirmed COVID-19 patient’s nasopharyngeal swab, processed in a BSL-3 facility.
The sample was vortexed, spun, and supernatant was filtered through a 0.22 pM filter. Then 200 pl of filtered samples
was added to a monolayer of Vero cells in a 25 cm flask. Three days post-inoculation, CPE was observed under light
microscope and a 200 pl of supernatant was passaged in 75 cm flask Vero cells for second and third passage. The virus
was then amplified in 175 cm flasks (passage 4), then purified by regular centrifugation and filtration in total volume 180
mL. The purified virus from each passage was confirmed by RT-PCR targeting the three genes of SARS-CoV2 using the
following primers and probes: RdRP-gene: RARP_SARSr-F2 S‘GTGARATGGTCATGTGTGGCGG’3, RdRP_SARSr-
R1 5'CARATGTTAAASACACTATTAGCATA’3, RdRP_SARSr-P2 FAM CAGGTGGAACCTCATCAGGAGATGC-
BBQ, RdRP_SARSr-P1 FAM-CCAGGTGGWACRTCATCMGGTGATGC-BBQ, E-gene: E Sarbeco F1 5° ACAG
GTACGTTAATAGTTAATAGCGT’3, E Sarbeco R2 5° ATATTGCAGCAGTACGCACACA’3, E Sarbeco P1
FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ, N-gene: N Sarbeco F1 5° CACATTGGCACCCGCAATC’3,
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N Sarbeco R1 5° GAGGAACGAGAAGAGGCTTG’3 & N _Sarbeco P1 FAM-ACTTCCTCAAGGAACAACATT
GCCA-BBQ. Virus titer was determined and a live virus neutralization assay was performed following previously
published protocols.”®” Briefly, heat-inactivated serum samples from vaccinated individuals were tested for their
capacity to neutralize the infection of 200 TCID50/mL of SARS-CoV-2 using a 96-well plate. The samples were tested
in duplicate wells and the experiments were repeated independently twice for all samples. The NADb titer was determined
as the reciprocal of the highest dilution of sample that completely protected Vero cells (MNp).

Statistical Analysis
Data were plotted and analyzed using GraphPad Prism V8 software (GraphPad Software, San Diego, CA). Statistical
analysis was performed using Kruskal-Wallis test followed by Dunn’s Multiple Comparison Test for the figures and
Student’s #-test (Table 2).

Results
lgG Antibody Responses Induced by COVID-19 Vaccines

Immune responses measured by serum anti-SARS-CoV-2 spike IgG antibodies post-COVID-19 vaccination were
evaluated in 666 samples, collected from 432 vaccinated individuals over multiple time-points. COVID-19 was
documented by PCR prior to vaccination in 31 individuals; with total samples of 44. Considering only the samples
from non-infected individuals (622 samples), anti-spike antibodies were induced in 11% (26 out 217) at the baseline,

Table 2 Demographic and Clinical Factors Influencing Vaccine-Induced Immune Responses

Pre-Vaccine Post-Prime Post-Boost 6 Months
Mean IgG Titer (SD) | Mean IgG Titer (SD) | Mean IgG Titer (SD) | Mean IgG Titer (SD)
Gender Males 2,090 (17,118) n=87 27,965 (55,529) n=49 138,280 (356,928) n=31 | 25,237 (33,681) n=18
Female 1,600 (10,807) n=83 13,909 (30,658) n=80 301,455 (517,115) n=43 | 20,246 (31,907) n=22
p-value 0.8 0.06 0.13 0.6
Age <38.5Y 2,024 (15,499) n=106 26,754 (51,442) n=61 303,806 (532,040) n=24 | 14,976 (16,559) n=9
>38.5Y 1,264 (10,942) n=80 9,847 (26,368) n=91 247,906 (493,307) n=53 | 24,673 (35,876) n=31
p-value 0.7 0.01 0.7 0.4
BMI <30 1,325 (9,947) n=97 18,146 (39,092) n=87 315,340 (560,716) n=42 | 25,373 (35,086) n=21
>30 7,319 (34,000) n=22 5,756 (18,413) n=18 75,331 (63,027) n=12 35,591 (41,638) n=7
p-value 0.13 0.23 0.15 0.53
Diabetes No 1,688 (13,568) n=191 14,829 (37,847) n=135 | 274,216 (523,720) n=69 | 20,837 (30,677) n=38
Yes 194 (529) n=16 13,141 (30,634) n=12 77,866 (82,617) n=4 NA
p-value 0.76 0.9 0.46 | NA
Hypertension No 1,722 (10,620) n=198 15,524 (35,818) n=127 | 230,932 (373,789) n=64 | 23,845 (34,251) n=34
Yes Il (46) n=20 4,710 (8949) n=23 382,148 (736,519) n=13 | 14,823 (18,904) n=6
p-value 0.57 0.19 0.36 0.53
Asthma No 1,168 (11,505) n=95 15,045 (37,920) n=135 | 284,100 (522,306) n=71 | 22,318 (33,475) n=37
Yes 6,993 (26,163) n=14 2,428 (2128) n=15 51,743 (25,788) n=6 24,635 (24,288) n=3
p-value 0.1 0.2 0.28 0.9
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93% (199 out of 214 samples) post-prime, and 96% (115 out of 120 samples) post-second dose. IgG responses in
convalescent cases (n=119) were included as comparisons (Figure 1A). The Ab levels were maintained in most
individuals at 6 months (42 samples), although they waned to the levels observed post-prime (Figure 1A). At 1 year
post-second dose, Ab levels in three samples were low while a fourth sample from a subject who is suspected of having
exposure to a COVID-19 case showed a high Ab level.

Twenty-five samples from subjects who received their third dose of BNT162b2 at 250 days on average (ranged from
117-339 days) after the second dose of either AZ1222 or BNT162b2 were tested. As expected, Ab levels post-third dose
were higher than the peak (1 month post-second dose) as shown in Figure 1A.

To investigate whether vaccine type would impact on the level of immune responses, IgG titres were determined in
the non-infected individuals who have received either AZ1222 or BNT162b2. Only samples from individuals who were
primed and boosted with the same vaccine were included in this analysis. Post-prime, no significant difference between
AZ1222 (n=85) and BNT162b2 (n=83) was observed (p=0.61) as they induced similar levels of antibodies with I1gG
mean titer of 19,443 for AZ1222 vaccine and 16,145 for BNT162b2 vaccine (Figure 1B). These levels were not
statistically different (p=0.3) from those found in non-vaccinated convalescent cases (10,533). However, AZ1222
(n=6) induced a significantly higher level of antibodies post-second dose (p=0.01) as compared to BNT162b2 (n=69)
with mean IgG titers of 660,158 and 184,270, respectively (Figure 1B); but the number of samples of AZ1222 vaccinees
at this time-point (n=6) was small. Furthermore, IgG titers post-second dose were statistically higher (p<0.0001) than the
levels post-prime or the levels in recovered cases (Figure 1B).

In order to confirm anti-SARS-CoV-2 antibodies using a separate assay and to confirm that these are neutralizing
antibodies (NAb), matching serum samples collected at three time points (baseline, post-prime, and post-second dose)
from 25 individuals were tested in a live virus microneutralization assay. All samples showed NAD titers at post-prime
that increased significantly (p<0.0001) at post-boost (Figure 1C). This data indicates a strong correlation between NAb
responses and IgG response measured by ELISA.
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Figure | Antibody responses post-COVID-19 vaccines.

Notes: (A) IgG induced by COVID-19 vaccination was evaluated in serum samples of non-infected people at six time points: pre-vaccine (baseline), post-prime, post-boost,
6 months, | year, and 3 weeks post-third dose. (B) Antibody responses are shown as per type of vaccine: AZ1222: brown symbols and, BNT162b2: pink symbols. Data in A
and B are shown in comparison to non-vaccinated COVID-19 convalescent cases (grayed circles). (C) Neutralizing activity of COVID-19 vaccine-induced antibodies were
determined. Horizontal lines represent means with SEM.
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Impact of Pre-Infection and Interval Duration on Antibody Responses to COVID-19

Vaccines

To evaluate the effect of prior infection on vaccine-induced antibody responses, samples (n=44) from previously infected
individuals, who were confirmed by PCR, were compared to samples (n=622) of non-infected individuals. No significant
difference in IgG levels was found between the two groups at baseline (p=0.65) and post-second dose (p=0.35), as shown
in Figure 2A. In contrast, previously infected individuals had higher IgG titers at post-prime (p=0.0001) and 6 months
(p=0.006; Figure 2A), indicating strong priming and maintenance of immune responses in these individuals.

While the guidelines for BNT162b2 COVID-19 vaccination state a 3-week interval between prime and boost, not all
vaccinated individuals in our cohort adhered to this interval due to supply issues. Therefore, subjects with no prior
COVID-19 who received BNT162b2 vaccine for both the first and second doses (n=69) were divided into three groups
according to the interval duration: 3 weeks, 4—6 weeks, and 13—21 weeks. The analysis showed that IgG titers varied
significantly in the three groups at post-second dose (p=0004; Figure 2B), the titers were higher in the longest interval
duration. Similarly, there was a hint of correlation between the IgG titer and the length of interval duration where longer
intervals slightly contributed to higher titers (Spearman r=0.3; Figure 2C).

Impact of Age, Gender, and Comorbidities on Antibody Responses to COVID-19

Vaccines

The impact of demographic and clinical factors such as gender, age, and co-morbidities in influencing the immune
responses induced by COVID-19 vaccines was analyzed for all subjects regardless of the vaccine type (Table 2). Males
appeared to have higher IgG titers at post-prime as compared to females, but this did not reach statistical significance
(»=0.06). Similarly, age appeared to play a role in immune responses to the vaccines; individuals who were younger than
38.5 years showed an increased level of IgG as compared to those older than 38.5 years (p=0.01). The age 38.5 was
selected in this comparison as it represents the median age of the cohort. Clinical factors such as diabetes, hypertension,
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Figure 2 Impact of pre-infection and interval duration on antibody responses to COVID-19 vaccines.

Notes: (A) IgG titers in pre-infected vaccinated individuals (shown as red symbols) were compared to non-infected vaccinated individuals (shown as blue symbols). (B) I1gG
titers according to the duration of interval between prime and boost. (C) A correlation between the number of days in the interval and the IgG titers; Spearman r=0.3.
Horizontal lines represents mean with SEM.
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increased BMI, and asthma did not affect the anti-spike antibody responses post-vaccination in our cohort. Other co-
morbidities such as auto-immune diseases were not available for analysis.

Discussion

In this study, the dynamic of antibody responses to COVID-19 vaccines, the AZD1222 and BNT162b2, was evaluated
pre-vaccination and up to 1 year post-vaccination. A robust immune response that lasted for 6-months declining to low,
but detectable, levels at 1 year was reported. The presence of neutralization activity of these detected antibodies in a
subset of individuals was determined, and these samples showed significantly higher NAb titers at post-second dose than
at post-prime (p<0.0001). These antibodies confirm the strong neutralization activity of the vaccine-induced immune
responses and confirm the utility of the ELISA used in this study.

In a Phase I trial, there were similar robust immune responses at 6 months after the second dose of BNT162b2
vaccine?® that started to decline 3 and 6 months after vaccination. This indicates a weaning immunity®” and potentially
increases the risk of breakthrough infections overtime.?’ Reduction in antibody titers was reported to occur by 50% every
108 days post-vaccination,”® with weaning of anti-RBD antibody titer over time starting from day 45 post-vaccination.’
Waning immune responses can be a result of vaccine immunogenicity; however, multiple other factors can play roles
such as demographics, comorbidities, and induction and maintenance of long-term memory plasma cells or T cells.**>*

The current study showed that the level of antibodies was similar among vaccinated and convalescent patients,
especially at prime time. A previous study showed that anti-SARS-CoV-2 antibody levels after two doses were similar to

one dose in convalescent patients,”

which is supported by our findings. Recovered individuals developed higher
antibody titers with a geometric mean titer (GMT) of 9,461 U/mL as compared to uninfected vaccinated participants
who had GMT of 1,613 U/mL (p<0.001)*’ although these observations may only apply to neutralizing antibody titers, not
the total binding antibodies, especially following a BNT162b2 vaccine.*® The difference in antibody responses might also
be affected by memory cell stimulation and severity of the disease. Symptomatic patients had stronger responses to the
vaccine than those who had mild COVID-19, becoming seronegative after recovering from the infection.’” The time
between infection and vaccination may also play a role®® and our data demonstrate that longer intervals contribute to
higher antibody responses; although larger sample size is required for further evaluation. Extending the dosing intervals
between the first two doses of the BNT162b2 vaccine resulted in higher antibody responses as compared to the initial 3-

week interval,*® %

and an additional study showed similar findings without an effect on the half-life of the antibody
response among the different intervals.*® This difference in response may be related to the generation and improvement
in the number of CD4+ T cells expressing interleukin-2 (IL-2).*

Different vaccines may induce different levels of antibody responses. When two mRNA vaccines, mRNA-1273 and
BNT162b2, were compared, two doses of mRNA-1273 induced higher antibody titers (GMT, 3,836 U/mL) as compared to
two doses of BNT162b2 (GMT of 1,444 U/mL).** There might also be differences in the type of antibody responses as BNT162b2
and AZ1222 both elicited IgM and IgG,** BNT162b2 vaccine was reported to induce much evident IgA responses.*>*° In
addition, although AZ1222 vaccine elicited lower antibody responses as our data showed, it has been shown that it induces more
stable antibody responses over time. This may suggest that priming with different types of COVID-19 vaccine such as viral
vectored vaccine, in a heterologous regimen, would be an efficient approach for durable immune response.

There was no significant correlation between demographics and the levels of antibodies in the current study. Males
appeared to have higher IgG titers at post-prime as compared to females (p=0.06). In contrast, a previous study showed
that males had much lower titers as compared to females 6 months post-vaccination.'® In this study, subjects who were
older than 38.5 years showed a higher level of IgG responses at post-prime as compared to younger subjects (p=0.01); the
age cut-off was selected based on the median age of the current cohort. A significantly inverse relation between antibody
responses and age was previously reported, and age was the biggest predictor of immune responses.”*” > However, this
does not mean lack of antibodies as it was previously shown that anti-SARS-CoV-2 spike antibodies could be detected in
individuals older than 80 years old after vaccination with BNT162b2 or AZ1222 vaccines.>”

There was no clear relationship between antibody levels and comorbidities in our study. Previously, obese and
hemodialysis patients had lower anti-SARS-CoV-2 S antibody titres at 3 weeks post-BNT162b2 vaccine as compared to
healthy adults.>*>> From natural infection studies, patients with or without diabetes mellitus had strong and detectable

Infection and Drug Resistance 2022:15 hetps: 4133

Dove:


https://www.dovepress.com
https://www.dovepress.com

Alharbi et al Dove

antibody responses with no effect of hyperglycemia.?**® Nevertheless, based on effectiveness studies and not only the
IgG titers, COVID-19 vaccination guidelines have been updated to include booster doses for the elderly and those with
comorbidities.

Overall, this study supports previous reports that show BNT162b2 and AZ1222 vaccines induced robust antibody
responses. It reports data from a vaccination program in Saudi Arabia, one of the early countries to implement COVID-19
vaccination. Some factors that may impact on the levels and longevity of induced anti-SARS-CoV-2 antibodies were also
presented. However, the current study has few limitations. The number of collected samples was very low for 3 weeks post-
third dose as well as for 1 year. Thus, a larger study is needed to confirm the current findings, especially as it relates to the 3-
weeks and 1-year data. An additional weakness is that not all subjects were available for all sampling time-points. In Saudi
Arabia, the third dose of COVID-19 vaccination was given to vaccinated people as early as 8 months; therefore, it was very
difficult to find a large number of participants (from the cohort) who did not receive the third dose by the 1-year time-point.
Thus, it is difficult to generalize the results of the study at this time point. An additional limitation of the study is the non-
availability of data on T-cell related immunity.

Conclusions

The study showed adequate IgG antibody responses are induced by COVID-19 vaccines increasing from baseline to post-
prime and peaking at post-second dose. The Antibody plateaued for 6 months. The study did not include sufficient data
for immune responses at 1 year to make a solid conclusion. Boosting with a third dose of BNT162b2 from 8 months
onwards reinstated the peak Ab levels. The study also showed that longer intervals contribute to higher antibody
responses, younger subjects had higher levels of IgG titers, and previously infected individuals had higher IgG titers
at post-prime and 6 months, indicating strong priming and maintenance of immune responses in these individuals.
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