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Preface

The COVID-19 pandemic has highlighted the critical importance of vaccination and uncovered
the complexities surrounding vaccination in various populations. This Special Issue, “Impact
of COVID-19 and Non-COVID-19 Vaccination in Special Populations”, aims to illuminate these
nuances, to provide a comprehensive understanding of the barriers to vaccination and to advocate
for evidence-based strategies that address these barriers. The scope of this collection encompasses
a thorough examination of both COVID-19 and non-COVID-19 vaccinations, specifically targeting
populations that exhibit varying degrees of vaccine hesitancy—namely children, adolescents, older
adults, individuals with comorbidities, risk-averse individuals, and those with a history of COVID-19
infection. Through ten meticulously curated articles, the contributors address pivotal questions
regarding vaccine efficacy, safety, and the reasons behind vaccine hesitancy, supported by robust
clinical data and systematic reviews. We believe that through this endeavor, we can build trust and
encourage higher vaccination rates among those who are most vulnerable to misinformation and
worse health outcomes. This collection is intended for a diverse audience, including healthcare
professionals, public health officials, researchers, and educators, all of whom play vital roles in
expanding vaccination efforts. By disseminating these findings, we hope to promote a broader
dialogue on the importance of vaccination and to foster collaboration among stakeholders aimed
at achieving higher levels of immunization coverage. We extend our heartfelt gratitude to the
authors who contributed their expertise and insights, making this Special Issue a valuable resource.
Additionally, we acknowledge the support from our editorial team and peer reviewers, whose
keen insights and rigorous examination of the submitted articles were instrumental in shaping this

publication.

Kay Choong See
Guest Editor
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Vaccination to prevent human infection is a key driver for reducing morbidity and
mortality. However, vaccine hesitancy, defined by the World Health Organization’s Strate-
gic Advisory Group of Experts on Immunization as “the delay in acceptance or refusal
of vaccines despite availability of vaccination services” [1], can lead to under-vaccination.
One of the reasons for vaccine hesitancy is the lack of confidence, or trust, in the efficacy
and safety of vaccination.

To drive and sustain the vaccination effort and broaden the uptake by individuals,
clinicians, and policy makers require evidence that demonstrates the efficacy and safety
of vaccination not only to the general population, but also to special segments of the
population that are prone to vaccine hesitancy. This Special Issue therefore aims to explore
the positive and negative impact of COVID-19 and non-COVID-19 vaccination for these
special populations. Ten papers have been published in this Special Issue that broadly
address four population groups who are prone to vaccine hesitancy and contain information
with important clinical and policy implications.

The first population group consists of individuals who are children [2], adolescents [3],
and older adults [4]. Osman and colleagues conducted a test-negative matched case—control
study among 14,161 children and adolescents aged 12-17 years in Qatar between 1 June
and 30 November 2021 and demonstrated that a two-dose primary series of the Pfizer-
BioNTech BNT162b2 mRNA COVID-19 vaccine provided a relatively high vaccine efficacy
of 79%. A systematic review conducted by Tian and colleagues provides further data
from 12 randomized controlled trials that support COVID-19 vaccination in children
and adolescents under the age of 18 years by demonstrating high vaccine efficacy, high
immunogenicity, and low rates of serious adverse events across various vaccine platforms.
Ishak and colleagues focused on adults who are 75 years old and above and reviewed the
vaccination recommendations in guidelines for the top 25 non-communicable diseases that
are suffered by these older adults. The authors found that the current guidelines do not
uniformly provide vaccination recommendations and generally omit information on the
benefits and risks of vaccination, highlighting the need for guidelines that provide more
comprehensive recommendations to promote vaccination uptake.

The second population group consists of patients with various comorbid conditions
that could be perceived to blunt the efficacy of vaccination [5]. Widhani and colleagues
performed a systematic review of COVID-19 vaccination in patients with autoimmune
diseases. These patients are often immunocompromised from both their disease and from
immunosuppressive medications. From the 76 studies included in their review, as expected,
compared with healthy controls, patients with autoimmune diseases showed impaired
immunogenicity to COVID-19 vaccines. The clinical impact of impaired immunogenic-
ity differed between the vaccine platforms, with a 93% increased risk of breakthrough
infections for inactivated vaccines and no increased risk for mRNA or adenovirus vec-
tor vaccines. Additionally, they found that a second dose of COVID-19 vaccination in-
creased immunogenicity without elevating the risk of systemic adverse events. Ziemssen
and colleagues arrived at similarly encouraging results for a very specific subgroup of
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23 patients who received ofatumumab—a human anti-CD20 monoclonal antibody—for
relapsing multiple sclerosis and reported good seroconversion rates for the COVID-19
mRNA booster vaccination.

The third population group consists of risk-averse individuals who perceive vaccination-
related adverse events to be common or serious [6]. These individuals include those with
prior severe drug-, food-, or insect sting-related allergic reactions like anaphylaxis, who
were found by Asperti and colleagues to be more anxious when receiving COVID-19 vac-
cination compared with those with a mild allergy. Such anxiety was lowered by having
the vaccination administered in dedicated facilities while supervised by an allergist. Other
less acute but serious adverse events might worry some individuals. One of these adverse
events is sensorineural hearing loss, which Liew and colleagues studied in their systematic
review. The incidence of post-vaccination sensorineural hearing loss was fortunately very
low at 0.6-60.77 cases per 100,000 person years for both COVID-19 and non-COVID-19 vac-
cines, which was comparable to the incidence of all-cause hearing loss, suggesting no excess
risk from vaccination. Given the uncertainty about the increased risk of side effects with
repeated vaccination, Soegiarto and colleagues studied 75 healthcare workers in Indonesia
who received a third dose of heterologous COVID-19 mRNA booster vaccine after a two-
dose series of inactivated vaccines. They found that the mRNA vaccination elicited a more
robust antibody response compared with a third dose of inactivated vaccine, with minimal
systemic side effects. Further evidence of the safety of three vaccine doses comes from an on-
line survey in Saudi Arabia, conducted by Aldali and colleagues. Among 413 participants
in the general population, individuals mostly reported mild to moderate side effects lasting
less than four days after a three-dose series of various COVID-19 vaccines.

The fourth and final population group consists of individuals who have been previ-
ously infected [7]. Qin and colleagues found that nearly 60% of people who have recovered
from COVID-19 infection experienced pandemic fatigue, defined by the World Health
Organization as the “natural and expected reaction to sustained and unresolved adversity
in people’s lives” [8]. As pandemic fatigue has been linked to vaccine hesitancy, this study
highlights the need to especially educate and encourage this population segment to receive
further vaccination.

In conclusion, the papers in this Special Issue provide good support for vaccination to
prevent disease and preserve health. Given the timing of this Special Issue in 2023, which
coincided with the COVID-19 pandemic, most papers unsurprisingly involved COVID-19
vaccination. Nonetheless, the contributing authors have provided information that can be
generalized to non-COVID-19 vaccination. Addressing the concerns of special populations
at both ends of the age spectrum, patients with immunocompromising comorbid conditions,
risk-averse individuals, and individuals experiencing pandemic fatigue can then help
realize the full value of vaccination to maintain good health, safeguard economic activity,
and avoid large-scale societal disruptions like pandemic lockdowns and border closures.

Conflicts of Interest: The author declares honoraria for talks sponsored by AstraZeneca plc, GSK Inc.
Moderna Inc., and Pfizer Inc.
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Abstract: Qatar was also hit hard by the global pandemic of SARS-CoV-2, with the original virus,
Alpha variant, Beta variant, Omicron BA.1 and BA.2 variants, Omicron BA.4 and BA.5 variants, and
Delta variant, sequentially. The two-dose primary series of BNT162b2 (Pfizer-BioNTech) COVID-19
vaccine against SARS-CoV-2 infection has been approved for use in 30 ug formulations among
children and adolescents aged 12-17 years as of 16 May 2021. This study aimed at estimating the
effectiveness of the 30 pg BNT162b2 Pfizer-BioNTech mRNA COVID-19 vaccine against the pre-
Omicron variants of SARS-CoV-2 infection in children and adolescents aged 12-17 years residing
in Qatar. A test-negative matched case-control study was conducted. The subjects included any
child or adolescent aged 12-17 years who had been tested for SARS-CoV-2 using RT-PCR tests
performed on nasopharyngeal or oropharyngeal swabs, as part of contact tracing, between June and
November 2021, and was eligible to receive the BNT162b2 vaccine as per the national guidelines. Data
regarding 14,161 children/adolescents meeting inclusion—exclusion criteria were retrieved from the
national Surveillance and Vaccine Electronic System (SAVES). Of the total, 3.1% (444) were positive
for SARS-CoV-2. More than half (55.96%) were vaccinated with two doses of Pfizer-BioNTech-mRNA
COVID-19 vaccine. Amongst those immunized with two doses, 1.2% tested positive for SARS-CoV-2,
while 5.6% amongst the unvaccinated tested positive. The vaccine effectiveness was calculated to be
79%. Pfizer-BioNTech mRNA COVID-19 vaccine provides protection from COVID-19 infection for
children/adolescents; hence, it is crucial to ensure they receive the recommended vaccines.

Keywords: adolescent; children; 12-17 years COVID-19 vaccine; fully vaccinated; partially vaccinated;
vaccination status; RT-PCR-positive; Pfizer; BNT162b2; vaccine effectiveness

1. Introduction

The COVID-19 pandemic was an unprecedented health emergency and could be
controlled to an extent by a stable public health system through early containment by early
detection of infected persons, the isolation of infected cases, as well as contact tracing,
testing, and quarantine of these contacts [1]. In addition, nonpharmaceutical preventive
health measures, such as hand washing, using face masks, physical distancing, stay-at-home
orders, school and venue closures, workplace restrictions, and environmental cleaning,
were adopted internationally. These responses were modified, changed, or intensified with
the emergence of new epidemiologic data, experience-sharing from other countries, and
emerging newer variants.

Qatar experienced five waves of SARS-CoV-2 infection, by the index virus [2], the
B.1.1.7 (Alpha) variant [3], the B.1.351 (Beta) variant [4], the B.1.1.529 (Omicron) subvariants
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BA.1 and BA.2 [5], the Omicron subvariants BA.4 and BA.5 [6], and a prolonged phase of
the B.1.617.2 (Delta) variant [7], sequentially. Community transmission of the SARS-CoV-2
Delta variant (B.1.617.2) was first identified in Qatar by the end of March 2021 [2,89].
Although Delta variant incidence increased and reached about 200 cases per day in the
summer of 2021, it remained low compared to earlier variants incidences. Between 23
March 2021 and 7 September 2021, 43.0% of diagnosed infections were Delta variant
infections [2,4]. The first Omicron variant infection in Qatar was identified on 24 November
2021. Within four weeks, it became the predominant strain [10].

Free SARS-CoV-2 testing was widely available in Qatar and was required for those in
close contact with an infected person, with symptoms such as fever or acute respiratory
illness, as well as people returning from travel abroad. All specimens collected via nasopha-
ryngeal/oropharyngeal swab, irrespective of where they were collected, be it private or
public health facilities, were tested at the National Virology laboratory, using real-time PCR
tests, following the national testing standards.

However, vaccination remains the most efficient and effective control strategy against
COVID-19. Global vaccine development efforts have been accelerated in response to the
devastating COVID-19 pandemic, like accelerated evaluation procedures and authorization
for emergency use. Several pharmaceutical companies were trying to develop an effective
vaccine against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
Phase III trials reported high vaccine effectiveness (VE) against SARS-CoV-2 infection, with
70.4% for Oxford-AstraZeneca vaccine (ChAdOx1 nCoV-19 vaccine) [4], 95.0% effectiveness
with Pfizer BioNTech vaccine (BNT162b2 mRNA vaccine) [5], and 94.1% with Moderna
vaccine (mRNA-1273 vaccine) [6].

Qatar was among the first Gulf Cooperation Council (GCC) countries to procure
COVID-19 vaccines and start the COVID-19 vaccination campaign nationwide for the
citizens and residents. The COVID-19 vaccination campaign plan was developed by the
National Strategic Committee and implemented by the Health Protection and Communica-
ble Diseases Department (HP-CDC) of the Ministry of Public Health (MOPH) along with
Hamad Medical Corporation (HMC) and Primary Health Care Corporation (PHCC). Four
COVID-19 vaccines, namely, Pfizer, Moderna, AstraZeneca, and Jansen & Jansen, were
approved in Qatar. A few others, like Sinopharm, Sputnik, and Sinovac, were conditionally
approved. Guidelines and recommendation for COVID vaccines were prepared and dis-
tributed and are also regularly updated with the development of new scientific evidence
globally.

In Qatar, vaccination commenced on 23 December 2020, primarily with the Pfizer
BNT162b2 mRNA vaccine. The Moderna mRNA-1273 vaccine was introduced later. Vac-
cines were provided free of cost to all nationals and residents of Qatar through the public
health care system and mass vaccination centers such as Qatar National Convention Centre
(QNCCQ), VCIA (Vaccination Center Industrial Area), and Qatar Vaccination Centre (QVC).
The primary focus or target groups were the high-risk groups, namely, frontline health care
workers, those with chronic illnesses, and the elderly population. Once almost half the
primary targets were covered, other categories like teachers and the workers living in close
proximities and dormitories were focused through VCIA and QNCC. The mass vaccination
campaigns for the general public helped to effectively increase the vaccine coverage for
COVID-19 in Qatar, which helped reduce the Delta variant transmission in the community.

The highlight was that Qatar provided free vaccination for all. All entities providing
vaccine were mandated to enter the vaccination details in the national vaccine registry
(SAVES). A well-established Adverse Event Following Immunization (AEFI) reporting
platform existed for the clinicians to report any suspected AEFI. In addition to this reporting
platform for physicians, a link was provided on the ministry’s website so that any individual
experiencing any adverse event following COVID vaccination could register, and these
data was analyzed monthly. Hence, it was easy to track adverse events following COVID
vaccine administration. Only eight AEFIs were reported among those 12-17 years old post-
vaccination with Pfizer BioNTech vaccine, of which five were related to the first dose. Most
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of the reported adverse events were mild reactions. Two of them were severe reactions—one
was a case of myocarditis and the other anaphylactic reaction—both following the second
dose, and these cases were hospitalized. However, there no deaths reported following
vaccination. Hence, the Pfizer BioNTech vaccine in this age group was deemed safe, which,
in turn, increased the uptake.

More than 80% of the resident population in Qatar had completed the primary series
with either BNT162b2 (Pfizer-BioNTech) vaccine or the mRNA-1273 (Moderna) vaccine by
September 2021 [5-7]. Pfizer-BioNTech (BNT162b2) and Moderna (mRNA-1273) mRNA-
based vaccines are given as two doses scheduled three to four weeks apart, keeping a
minimum of 15 days between the two doses.

As the vaccination was scaled up, the country faced two back-to-back waves of SARS-
CoV-2 from January 2021 to June 2021, which predominantly were B.1.1.7 (Alpha) and
B.1.351 (Beta) variants [6,9,11]. Community transmission of the B.1.617.2 (Delta) variant
was first detected towards the end of March 2021, and it had become the dominant strain
circulating by the summer [12-14].

While children tend to experience less symptomatic SARS-CoV-2 infection than adults,
it is important to note that schools, youth sports, and other community events can still
contribute to outbreaks and transmission. These settings can pose a significant risk even
with high adult immunization rates [15]. The absence of in-person learning during the
pandemic has had a detrimental impact on children. Given the vaccine’s favorable safety
and side-effect profile, high efficacy, and acceptable risk-to-benefit ratio in adolescents,
evaluating its effectiveness in younger age groups is justified. Vaccinating adolescents can
enable them to safely return to in-person learning and reintegrate into society, addressing
the debilitating mental health consequences of the COVID-19 pandemic [16,17]. Reducing
COVID-19-related morbidity and mortality in adolescents can be achieved by adminis-
tering a safe and effective vaccine. Additionally, the availability of effective vaccines for
adolescents is crucial in decreasing the reservoir of SARS-CoV-2. In line with this, the
BNT162b2 vaccine has received emergency use authorization for adolescents aged 12 to
15 [18].

The World Health Organization’s (WHO) Strategic Advisory Group of Experts (SAGE)
on immunization updated the roadmap for prioritizing COVID-19 vaccines on 21 January
2021. Children and adolescents with comorbidities were identified as medium-priority
population groups for administering the primary series and booster doses. In contrast,
healthy children and adolescents were identified as the low-priority use group because of
their low risk of severe disease, hospitalization, and fatality. European Union countries
recommend primary vaccination against COVID-19 for 12-17-year-olds [7].

Ministry of Public Health (MOPH) Qatar approved Pfizer-BioNTech (BNT162b2)
COVID-19 vaccine administration to children and adolescents, based on regional and
global studies showing its safety and efficacy in this age group [8,9]. The two-dose primary
series of BNT162b2 (Pfizer-BioNTech) COVID-19 vaccine against SARS-CoV-2 infection
has been approved for use in 30 pg formulations among children and adolescents aged
12-17 years as of 16 May 2021 and 10 pg formulations among children aged 5-11 years as
of 30 January 2022.

The objective of this study was to assess the effectiveness of the 30 nug dose of BNT162b2
COVID-19 vaccine (Pfizer) against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection among children and adolescents aged 12-17 years, in Qatar, before the
emergence of the Omicron variant.

2. Materials and Methods

Study design: a test-negative matched case-control study design [11,19,20].

Study population: children and adolescents aged 12-17 years, residing in Qatar, who
had undergone COVID-19 tests using reverse transcription polymerase chain reaction
(RT-PCR) for SARS-CoV-2 on nasopharyngeal swabs (NPS) or oropharyngeal swabs (OPS)
as part of contact tracing, between 1 June and 30 November 2021. This ensured that
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the first batch of children/adolescents would have received both doses of the primary
series and excluded Omicron variant-positive cases from the analysis. RT-PCR testing
detects SARS-CoV-2 RNA at low levels, with analytic sensitivity of (98%) and specificity of
(97%) [21].

Cases: children/adolescents aged 12-17 years with positive test results on RT-PCR for
SARS-CoV-2.

Controls: children/adolescents aged 12-17 years who had negative test results on
RT-PCR for SARS-CoV-2, matched by calendar week for the RT-PCR tests.

2.1. Inclusion Criteria

e  Any children and adolescents aged 12-17 years residing in Qatar tested for SARS-CoV-
2 using RT-PCR between 1 June 2021 and 30 November 2021 were eligible irrespective
of nationality, gender, and vaccination status.

e  Children and adolescents eligible to receive the Pfizer-BioNTech mRNA COVID-19 as
per Ministry of Public Health (MOPH) guidelines.

2.2. Exclusion Criteria

e  Children and adolescents tested for COVID-19 using a method other than RT-PCR.
e  Uncertainty about the COVID-19 test results, which includes “Inconclusive” results or
if results were unavailable for any reason.

Sampling: A total of 14,298 children and adolescents aged 12-17 years who were tested
for COVID-19 in the date range of the study, vaccinated or unvaccinated, were extracted
from the national database. Of this total, 137 had inconclusive test results and, hence,
were removed, leaving us with 14,161 children and adolescents between 12 to 17 years,
irrespective of vaccination status, who were included in the study. The study population
selection process is illustrated in Figure 1.

The effect modification of the vaccine effectiveness by differences in the variants
exposed to, changes in testing frequency over time, and differences in infection-derived
immunity among the unvaccinated were adjusted by matching the cases and controls by
calendar week for the RT-PCR test [22-25]. It was possible to find PCR-negative matches for
most age groups due to the higher number of PCR-negative test results than PCR-positive
results. Nonpharmaceutical interventions (NPIs), including face masks, social distancing,
hand washing, and hand hygiene, were mandated in Qatar during the study period, with
varying levels of restrictions for the public as per MOPH guidelines; hence excluding
the confounding effect expected due to change in behavior after vaccination. Cases and
controls were matched in a 1:5 ratio to maximize statistical power.

Data collection: COVID-19 case investigation teams receive a list of laboratory-confirmed
SARS-CoV-2 cases from various government and private sectors nationwide. Team mem-
bers contact the index case by phone to obtain the necessary details and record the number
and details of those the patient had close contact with in the last 48 h. A close contact
refers to anyone who has met someone infected with the COVID-19 virus, starting from
2 days before the onset of the infected person’s illness up to 14 days after. Based on this
information, a swabbing dispatch list was prepared daily, which is then forwarded to
the field team supervisor for action. The swab team successfully visited the homes and
workplaces of these confirmed cases and collected the necessary swabs from the close
contacts enlisted. It was recommended to collect nasopharyngeal and oropharyngeal swabs
in a single vial containing transport medium and only oropharyngeal swabs for children
under 14 years of age.

Nasopharyngeal and oropharyngeal swabs collected across the country (irrespective
of public/private), including those by the field teams, were tested using the RT-PCR tests
for SARS-CoV-2 at the National Virology Laboratory under Hamad Medical Cooperation
(HMC). The MOPH database, Surveillance and Vaccine Electronic System (SAVES), receives
all real-time RT-PCR test results from the laboratory [10,26]. The data regarding COVID-19
laboratory testing, vaccination (which includes the types of vaccine and dates of the first



Vaccines 2023, 11, 1522

and second doses of vaccine administration, place of immunization, expiry date of the
vaccine, and the lot number), and associated demographic information were retrieved
from the national integrated digital health information platform, Surveillance and Vaccine
Electronic System (SAVES), owned by the Ministry of Public Health (MOPH), Qatar. The
vaccination details of the citizens, residents, and visitors who had been vaccinated abroad
were incorporated into the National Vaccine registry upon arrival in Qatar [27].

Participants who had undergone RT-PCR Test by Track & Trace Team
(n=14,298)

. Case Participants were excluded from the
study:
Inconclusive test results (n = 137)

Control

Participants of RT-PCR test positive &
negative for SARS-CoV-2 infection were included (n = 14,161)

J

COVID-19 Positive - Case COVID-19 Negative - Control

(n=444) ‘ (n=13717)

Vaccination status of participants

(From June 1%t - November 30", 2021)

$§ 41 3 7 I 3

Participants had | | Participants | | Participants | |participants had | |Participants | | Participants
2 doses of had 1 dose of had no 2 doses of had 1 dose of had no
vaccination vaccination | | vaccination vaccination vaccination | | vaccination
record record record record record record
(n=97) (n=1) (n =346) (n=7828) (n=10) (n =5879)

Figure 1. Flowchart illustrating the selection process of participants for investigating Pfizer-BioNTech
mRNA vaccine effectiveness against SARS-CoV-2 infection.

The study participants were divided into 3 categories based on vaccination status:
fully vaccinated and immune (those who had completed 14 days after receiving the second
dose of vaccine), partially vaccinated or partially immune (participants who had received
only 1 dose of vaccine or those who had not completed 14 days after receiving the second
dose of vaccine) and unvaccinated (participants who had not received any dose of the
vaccine).

Data analysis: a total of 14,161 children and adolescents aged 12-17 years who were
tested for COVID-19 in the date range of the study, vaccinated or unvaccinated, were
included in the study. The case and control groups were described using frequency distribu-
tion. The vaccine effectiveness of the BNT162b2 Pfizer vaccine among children/adolescents
aged 12-17 years at least 14 days post-second dose was estimated by calculating relative
risk reduction (RRR). The differences in VE of the COVID-19 vaccine according to age,
gender, nationality (Qatari and non-Qatari), and vaccination status (fully vaccinated, par-
tially vaccinated, unvaccinated) were also analyzed. VE based on number of days from
receipt of second dose was also analyzed, because people who were vaccinated earlier are
at increased risk for infection compared to those vaccinated later.
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3. Results

Table 1 shows the characterization of the 14,161 children and adolescents aged 12-17 years
included in the study by age, gender, nationalities, and vaccination status. The majority
(40.6%) were 12-13 years old. The male to female proportions were nearly the same. A
majority (60.9%) of the study participants were non-Qataris, as expected from the popu-
lation distribution of Qatar. A total of 7925 (55.96%) were vaccinated with two doses of
the BNT162b2 vaccine, and 6225 (43.96%) were unvaccinated. This higher proportion of
vaccinated participants can be explained by the fact that as of 31 May 2021, more than half
of residents had received at least one dose and 41% had completed both doses.

Table 1. Description of the study participants by age, gender, nationalities, and vaccine status.

Fully Vaccinated
(Two Doses)

Partially
Vaccinated
(One Dose)

Unvaccinated Total p-Value

Distribution by Age group (in years)

12-13 1962 (34.1%) 2 (0.03%) 3787 (65.8%) 5751 (40.6%)
14-15 3222 (67.7%) 6 (0.13%) 1534 (32.2%) 4762 (33.6%)
16-17 2741 (75.1%) 3 (0.08%) 904 (24.8%) 3648 (25.8%) <0.001
Total 7925 (55.96%) 11 (0.08%) 6225 (43.96%) 14,161 (100.0%)
Distribution by Gender
Male 3840 (54.1%) 4 (0.06%) 3253 (45.8%) 7097 (50.1%)
Female 4085 (57.8%) 7(0.1%) 2972 (42.1%) 7064 (49.9%) 2.753
Total 7925 (55.96%) 11 (0.08%) 6225 (43.96%) 14,161 (100.0%)
Distribution by Nationalities
Qataris 2914 (52.7%) 3 (0.05%) 2616 (47.3%) 5533 (39.1%)
Non-Qataris 5011 (58.1%) 8 (0.09%) 3609 (41.8%) 8628 (60.9%) 1.202
Total 7925 (55.96%) 11 (0.08%) 6225 (43.96%) 14,161 (100.0%)

A majority (65.8%) of the younger age group (12-13 years) were unvaccinated, while
three-fourths (75.1%) of those aged 16-17 were fully vaccinated. Hence, Table 1 shows
a significant (p-value < 0.001) association between age and completion of the primary
series of vaccines; that is, as the age increases, the proportion of fully vaccinated children
increases. (Table 1) This can be explained by the fact the older age group were enthusiastic
to get vaccinated as this would give them the privilege to go out into malls and restaurants.
There was no significant difference between the genders with regards to the vaccination
status.

No significant difference in vaccination status was noted between the nationals and
non-nationals. A similar proportion of nationals and non-nationals were vaccinated with at
least one dose. This may be explained by the fact that the government provided COVID
vaccines free of cost universally to both nationals and non-nationals.

According to the data presented in Table 2, only 3.1% of the study population were
infected and, among the infected, 44.14% were aged 12-13, whereas only half this proportion
(20.7%) were of the older age group (16-17 years). The likelihood of testing positive for
COVID-19 decreases with increasing age and vaccination status. This is in sync with the
vaccination rates among the different age groups.
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Table 2. Distribution of cases and controls by age, gender, and nationalities.

COVID-19-Positive (Cases) COVID-19-Negative (Control) Total p-Value
Distribution by Age group (in Years)
12-13 196 (44.1%) 5555 (40.5%) 5751
14-15 156 (35.1%) 4606 (33.6%) 4762
16-17 92 (20.8%) 3556 (25.9%) 3648 0.044
Total 444 (100%) 13,717 (100%) 14,161
Distribution by Gender
Male 224 (50.5%) 6873 (50.1%) 7097
Female 220 (49.5%) 6844 (49.9%) 7064 0.886
Total 444 (3.1%) 13,717 (100%) 14,161
Distribution by Nationalities
Qataris 207 (46.6%) 5326 (38.8%) 5533
Non-Qataris 237 (53.4%) 8391 (61.2%) 8628 <0.001
Total 444 (100%) 13,717 (100%) 14,161

There was a significant (<0.001) difference between the cases and controls with regards
to nationality. More than half (53.4%) of the cases were non-Qataris, in comparison to 46.6%
Qataris. Similarly, a higher proportion of the control group were non-Qataris (61.2%). This
can be explained by the population distribution of the residents of Qatar.

However, no significant difference was found between the cases and controls with
regards to gender. The males to female proportion was similar in both case and control
groups.

Table 3 shows that out of 7925 fully vaccinated subjects, only 97 (1.2%) tested positive
for SARS-CoV-2 by RT-PCR, whereas 346 (5.6%) tested positive among the 6225 in the
unvaccinated population. Among the case group, 21.8% were fully vaccinated, while 77.9%
were unvaccinated. Similarly, among the control group, 57.2% had received at least one
dose of COVID vaccine, while 42.8% were unvaccinated. There is a significant difference in
the proportion of fully vaccinated between the cases and controls (p < 0.001).

Table 3. Vaccination status and COVID-19 test results of the study participants.

Vaccination Status RT-PCR Positive (Cases) RT-PCR Negative (Controls) Total
Fully vaccinated 97 (21.8%) 7828 (57.1%) 7925 (55.96%)
Partially vaccinated 1 (0.3%) 10 (0.1%) 11 (0.08%)
Unvaccinated 346 (77.9%) 5879 (42.8%) 6225 (43.96%)
Total 444 (100%) 13,717 (100%) 14,161

Relative risk reduction (RRR) was calculated as:

vaccinated among cases x unvaccinated among controls

: : 0.21
vaccinated among controls X unvaccinated among cases

Vaccine effectiveness (VE) =1 — RRR = 79.0%

Figure 2 shows that, out of a total of 98 individuals who received the vaccine and
tested SARS-CoV-2 positive, 2 (1.9%) tested positive within 14 days of the first dose, while
3 (2.8%) tested positive between 15 and 30 days after the first dose. Another 2.8% tested
positive within 14 days of receiving the second dose. It is seen that nearly half of the fully
vaccinated participants (48.1%) tested positive after 90 days following the second dose,
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while only 15.7% tested positive within 31-60 days of receiving the second dose, and 17.6%
were infected between 61-90 days.
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Figure 2. COVID-19 breakthrough infections among vaccinated study participants.

4. Discussion

The effectiveness against Alpha and Beta variants was high: over 75% in Qatar [8,28-30].
On the other hand, the effectiveness against Delta variant infection seven or more days after
the second dose was (55.5%) (95% Cl, 51.2-59.4%), irrespective of the vaccine type, 51.9%
(95% CI, 47.0-56.4%) with BNT162b2, and 73.1% (95% CI, 67.5-77.8%) with mRNA-1273,
specifically. The protection was higher 14 days after the second dose of the primary series.
Delta variant’s effectiveness was evaluated several months after the second dose for the
residents [31].

The present study estimated the effectiveness of BNT162b2 (Pfizer) vaccine against
SARS-CoV-2 infection, in children/adolescents aged 12-17 years, 14 or more days after the
second dose, to be 79% in Qatar during the pre-Omicron period. Protection offered by the
vaccine against SARS-CoV-2 infection among vaccinated children was higher among the
older age group (p-value < 0.001). The VE showed a gradual decline in immunity over time
following the second dose.

Another study carried out in Qatar during the pre-Omicron period found that the
vaccine effectiveness against SARS-CoV-2 infection among adolescents was 87.6% (95% CI,
84.0 to 90.4). The level of protection was approximately 95% post-second dose and declined
slowly over time but remained above 50% for at least five months [32].

The findings are consistent with evidence from other countries regarding protection
provided by the vaccine in preventing SARS-CoV-2 infection among children and ado-
lescents [33-38]. The vaccine demonstrated efficacy similar to that observed in young
adults [39].

Testing for SARS-CoV-2 is performed on a mass scale in Qatar [40,41]. About three-
fourths of cases are diagnosed because of routine screening tests and not because of the
appearance of symptoms [42]. Since the hospitalization and deaths were low among the
younger population, it was difficult to differentiate whether the protection was offered by
the natural infection or by vaccination with the mRNA vaccines [40—44].

11
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In a study carried out in Italy, the fully vaccinated group had a vaccine effectiveness
of 29.4% (95% CI 28.5-30.2) and 41.1% (95% CI 22.2-55.4) with BNT162b2 (Pfizer-BioNTech)
against SARS-CoV-2 infection and severe SARS-CoV-2 infection, respectively. The partially
vaccinated group had a vaccine effectiveness of 27.4% (95% CI 26.4-28.4) against SARS-
CoV-2 infection and 38.1% (95% CI 20.9-51.5) against severe SARS-CoV-2 infection. The
vaccine effectiveness was highest, at 38.7% (95% CI 37.7-39.7%), within the first 14 days
after completing the primary series. However, it decreased to 21.2% (95% CI 19.7-22.7%)
between 43 and 84 days after being fully vaccinated with two doses [33].

In a retrospective cohort study, from Singapore, the estimated vaccine effectiveness
(VE) against all COVID-19 infections in the age group of 12-18 years following two doses
of BNT162b2 (Pfizer-BioNTech, New York, NY, USA) vaccines was 59% (95% CI: 55-63%)
over the period of Delta variant dominance from 1 June to 20 November 2021 [39]. In
a US study, during the Omicron-dominant period, the vaccine effectiveness was 59.0%
(95% CI 22.0-79.0) 14-149 days after receipt of the second dose among adolescents aged
12-15 years [45].

The VISION Network study carried out across 10 states of the United States during
26 August 2021-22 January 2022 found that vaccine effectiveness after receipt of both two
and three doses was lower during the Omicron-predominant period when compared to
the Delta-predominant period. During both periods, VE waned with increasing time since
vaccination. During the Omicron period, VE during the first two months after a third
dose was 87% against emergency department/OPD clinic visits, and the VE decreased to
66% among those vaccinated who were vaccinated four to five months earlier. VE against
hospitalizations was 91% during the first two months following a third dose and decreased
to 78% beyond four months after a third dose [46].

A study conducted in England showed that vaccine effectiveness was 76.3% (95% CI
61.1-85.6%) 28 days after the first dose for those aged 16-17 years and 83.4% (54.0-94.0%)
for those aged 12-15 years. The first dose of the vaccine was most effective for 16-17-year-
olds against symptomatic disease caused by the Delta variant between days 14 and 20,
with a peak effectiveness of 75.9% (95% CI: 74.3-77.3). However, effectiveness gradually
decreased to 29.3% (25.9-32.6) between days 84 and 104. Among children/adolescents aged
12-15 years and 1617 years, the VE against Delta infection showed a peak of 68% (95% CI:
64-71%) and 62% (95% CI: 57-66%), respectively, on days 2148 after the first dose. Among
those aged 16-17 years who received both doses, the VE against infection with the Delta
variant was highest, at 93% (95% CI: 90-95%), between days 35 and 62 after vaccination but
declined to 84% (95% CI: 76-89%) after 63 days [47].

Out of the 991,682 children and adolescents in Denmark who underwent RT-PCR
testing for SARS-CoV-2, 7.5% (74,611) tested positive. Compared to unvaccinated adoles-
cents, those who received one dose of the vaccine had an estimated effectiveness of 62%
(with a 95% confidence interval of 59% to 65%) after 20 days. After 60 days, the estimated
effectiveness of two doses was 93% (with a 92% to 94% confidence interval) during a period
when the Delta variant was the most prevalent. The BNT162b2 vaccine demonstrated high
effectiveness, of 93%, against SARS-CoV-2 infection among adolescents aged 12-17 years
60 days after receiving the second dose [48].

5. Strengths

Testing for SARS-CoV-2 was carried out on a mass scale in Qatar, and the results are
tracked centrally. Nearly all testing in the country was via RT-PCR during this period.
Universal access to the vaccines was provided to the eligible population free of cost. The
National Vaccine registry facilitated obtaining the vaccination details of any individual
vaccinated in the country. Additionally, since most of the testing was routine, contacts
were likely found to be asymptomatic. These facts would suggest that the vaccine was
efficacious against infection and not symptomatic infection/hospitalization/those seeking
health care.
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6. Limitations

Nearly all testing in the country was via RT-PCR during this period; however, there
may have been a minority group who would have gone for home rapid testing kits. Since
our study design relies on people being tested via RT-PCR only, these home tests were not
included; moreover, a home test did not result in the same contract tracing as the PCR;
hence, we may be underestimating cases. However, since nearly all testing in the country
is performed using RT-PCR, these will not constitute huge numbers. Confounders like
ethnicity and the presence of comorbidity have not been taken into consideration in this
study. This study does not include the effectiveness of additional doses of the COVID-19
vaccine in severely immunocompromised children and adolescents, for whom additional
doses should be considered as part of the primary vaccination schedule.

7. Conclusions

The BNT162b2 vaccine was associated with high protection against SARS-CoV-2
disease in children and adolescents. At this stage, priority should be given to completing
the primary vaccination course for all the eligible population. Taking into consideration the
waning of immunity, attention should be given to providing additional doses to high-risk
and priority groups, according to national recommendations.

Unvaccinated persons are more likely to be infected when compared to vaccinated
individuals, leading to higher incidence among the unvaccinated. Thus, Qatar began with
easing restrictions for those vaccinated; however, now there is concern about a potentially
increased risk of exposure among vaccinated individuals. Due to their perceived lower
risk, the vaccinated may have adhered less strictly to safety measures such as face masks.
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Abstract: Vaccination is one of the most effective measures for children as the epidemic progresses.
However, there is a significant research gap in the meta-analysis of the COVID-19 vaccines for chil-
dren younger than 18 years. This study is a comprehensive review of different COVID-19 vaccines.
Published articles were retrieved from PubMed, Embase, and the Cochrane Library. Twelve random-
ized controlled trials (RCTs) of COVID-19 vaccines were included in the review until 21 October 2022.
Most local and systemic adverse reactions were predominantly mild to moderate in severity and
disappeared quickly after different types of vaccines. The subunit vaccine had the highest safety. The
significant risk was lower in the subunit vaccine group after the initial (RR 1.66, 95% CI 1.26-2.17,
p = 0.0003) and booster vaccination (RR 1.40, 95% CI 1.02-1.92, p = 0.04). Younger children had a
more outstanding safety profile in the mRNA and inactivated vaccine groups. The humoral immune
response was proportional to the number of doses in the inactivated and the adenovirus vaccine
groups, and the strength of immunogenicity was negatively correlated with age in the inactivated
vaccine. The mRNA and the subunit vaccines provided satisfactory prevention against COVID-19,
especially seven days after the booster dose. However, more research and longer-term follow-up are
needed to assess the duration of immune responses, efficacy, and safety.

Keywords: COVID-19 vaccine; SARS-CoV-2; children; adverse reactions; immunogenicity; efficacy;
meta-analysis

1. Introduction

Since the end of 2019, the novel coronavirus (COVID-19) has become a public health
threat to people [1], and the pandemic is having an unprecedented impact on the physical
and mental health of people around the world [2]. Compared with adults, the propor-
tion of COVID-19 cases in children and adolescents is lower. Although children with
COVID-19 seem to have milder symptoms and may even be completely asymptomatic
once infected [3-5], children can have severe diseases that result in hospitalization, and
approximately one-third of adolescents hospitalized for COVID-19 were admitted to an
intensive care unit, and 4.9% received invasive mechanical ventilation [6]. In addition,
children infected with COVID-19 can develop serious complications, such as multisystem
inflammatory syndrome (MIS-C), a severe but rare condition associated with COVID-19,
which is a condition where different body parts become inflamed [7,8].

The consequences of the pandemic on children’s development could be vast, with
impacts likely on self-control, social competence, and other cognitive abilities [9]. Growing
research informs the heavy psychosocial implications of the COVID-19 pandemic, bring-
ing about mental health problems such as anxiety, depression, stress, and maladaptive
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behavior [10-13]. According to UNESCO's report, rising COVID-19 infection rates led to
school closures around the world, but limiting the spread of COVID-19 through school
closure may lead to reduce interaction with peers, lessen opportunities for physical exercise,
and exacerbate adverse psychosocial health outcomes in children, and they have made
little or no progress while learning from home [14-17]. An estimated 1800 schools have
had school closures attributable to COVID-19 outbreaks, and more than 900,000 students
have been affected [18]. In addition, it was estimated that approximately 1.5 billion young
people worldwide had been forced to stay at home, which negatively influenced their social
functioning [19].

Moreover, Omicron spreads more easily among children than the previous variants [20],
and unvaccinated individuals provide opportunities for more variants to emerge [21]. There-
fore, there is an urgent need to vaccinate children against COVID-19 to protect pediatric age
groups from harm. A safe and effective vaccine is critically important for infants and young
children. Vaccination is one of the effective measures to fight against COVID-19, which can
help to reduce the rate of severe diseases [22]. However, there is insufficient evidence that
receiving COVID-19 vaccines reduces child mortality or prevents the further spread of the dis-
ease, that younger children are at greater risk of spreading COVID-19, or that herd immunity
can be achieved through it. Vaccinating children against COVID-19 can protect their mental
health [23]. Vaccination reduces family damage due to parental illness, failing economies,
and chronic stress [24]. Acquiring the COVID-19 vaccine could provide direct benefits to
childhood education by allowing a safer return to school to secure their continued access to
education, and letting parents return to full-time work to make the economy recover [25,26].
Therefore, there is an urgent need to protect children through vaccination.

Whether children and adolescents should be vaccinated against COVID-19 remains
controversial. Children and adolescents are unique, and parents usually hesitate to vac-
cinate their children. The vaccine’s novelty and safety concerns can hinder acceptance in
the population [27,28]. Several studies and systematic reviews have been performed to
demonstrate the safety, immunogenicity, and efficacy of the COVID-19 vaccine. However,
there is a lack of experimental data to confirm the safety, efficacy, and immunogenicity
of COVID-19 vaccines in children under three years of age and even in infants, as well
as experimental data on the different types of vaccines in children younger than 18 years.
Therefore, we aimed to comprehensively synthesize the evidence for the safety, efficacy,
and immunogenicity of varying types of COVID-19 vaccines in children younger than
18 years as an update to these previously performed systematic reviews.

2. Materials and Methods

The systematic review and meta-analysis were conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and the
protocol was registered on PROSPERO (CRD42022369708).

2.1. Search Strategy

A systematic retrieval was performed on three databases (PubMed, Embase, and the
Cochrane Library) from inception to 21 October 2022. The key search terms were as fol-
lows: infant, child, adolescent, COVID-19 vaccines, SARS-CoV-2, COVID-19, randomized
controlled trial, and so on (The search details can be found in Tables S1-53). The clinical
trials registers (Clinical Trials.gov, an ongoing NIH trial registry) was also searched for
related articles.

2.2. Selection Criteria

The inclusion of studies was based on the following criteria: (1) vaccines administered to
children aged < 18 years; (2) RCTs comparing COVID-19 vaccines with other vaccines, placebo,
adjuvant; (3) reported measures of safety (local and systemic adverse events), immunogenicity
(noninferiority of geometric mean titers (GMTs)) or efficacy (COVID-19 infection). The
exclusion criteria for the studies were as follows: (1) non-original studies; review, meta-
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analysis, systematic review, comments, letters, standards, guidelines, or conference abstracts;
(2) non-RCT studies, including cohort studies, case-control studies, single-arm studies, cross-
sectional studies; (3) animal models; and (4) outcomes without interest.

2.3. Data Extraction

After eliminating duplicates, two reviewers (Tian and Chen) screened titles and abstracts
and then used predefined criteria to filter the full text of potentially relevant articles. Two
authors independently extracted the following information from each of the included studies
as outcome indicators: (1) name of the first author, date of publication, intervention measures
(vaccine type, number of doses, adjuvant addition, and adjuvant type, etc.), sample size,
intervention details; (2) the incidence of adverse events post-vaccination, including total
adverse reactions, local adverse reactions, systemic adverse reactions and any specific adverse
reactions, such as injection pain, erythema/redness, fever and so on; (3) humoral immune
responses and cellular immune responses, including the seroconversion, geometric mean
titers (GMT) after vaccination; and (4) incidence of confirmed COVID-19 after vaccination. In
the case of differences, a consensus was reached through discussion or consultation with the
third author (Shi). Immunogenicity was expressed through the noninferiority of the immune
response. The noninferiority criterion indicated if the lower boundary of the 95% confidence
interval for the geometric mean ratio was at least 0.67, with or without the difference in the
percentage of participants with a serologic response was —10 percentage points or more. The
seroconversion was defined as a geometric mean titer (GMT) increase of at least a fourfold
increase from baseline after vaccination. The definition of COVID-19 was according to which
participants were diagnosed with COVID-19 and if they were positive for SARS-CoV-2 by
RT-PCR and with one or more associated symptoms. We carefully read the included studies’
original text and Supplementary Materials to avoid missing data.

2.4. Data Analysis

All data were performed using RevMan 5.4.1 statistical software to pool dichotomous
through its internal procedures, even if the number of events is 0 in the observation and/or
control group. When I? values were > 50%, the random effects model was applied to pool
the overall results; otherwise, the fixed effects model was used. This study used the risk ratio
(RR), and 95% confidence interval (CI) in the case of dichotomous data (RR > 1 represented

a risk effect). The I? statistic was used to assess the level of statistical heterogeneity. The
incidence in exposed __ a/(a+b
incidence in unexposed ~ c¢/(c+d

RR was determined using the formula RR = ; (details can be

found in Table 1). The data were deemed heterogeneous when the I? values > 50%. p values
less than 0.05 were considered, and this difference was statistically significant. If we detected
heterogeneity, subgroup analyses were conducted to explore the source of heterogeneity.
We performed subgroup analyses according to the number of vaccinations, type of vaccines,
age of the recipients, and specific adverse reactions and considered sensitivity analyses by
excluding pooled studies one by one. To appraise the methodological quality of the included
studies, two reviewers (YT and LC) independently assessed each study’s risk according to
the Cochrane collaboration tool for assessing the risk of bias as high, low, or unclear for each
item. The funnel plot and Egger test were used to judge the publication bias.

incidence in exposed a/(a+Db)
RR = —— : = 1)
incidence in unexposed  ¢/(c+d)
Formula (1) The formula for calculating RR.
Table 1. The four-cell table for calculating RR of RCTs.
Develop Outcome Do Not Develop Outcome
Exposed a b
Not Exposed c d
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3. Results
3.1. Characteristics of Included Studies

As shown in the flow diagram in Figure 1, this study found 2276 research articles
using the previously mentioned search terms. After removing duplicates, we screened
1505 records based on title and abstract, of which 1454 were determined to be irrelevant.
Fifty-one articles were retrieved for full-text assessment. Finally, 12 articles were included
in our analysis: 12 articles for safety, seven for immunogenicity, and five for the efficacy of
COVID-19 vaccines. These 12 RCTs included four types of COVID-19 vaccines (mRNA, sub-
unit, inactivated, and adenoviral vector vaccines). All included studies reported COVID-19
vaccines from eight countries and regions; a total of 17,731 participants that received the
COVID-19 vaccine and 7444 participants who received a placebo were included in this
study ranging in age from six months to 17 years old. Frenck et al. and Walter et al. did not
provide the exact number of participants in the vaccine group and placebo group in the
safety analysis, so we obtained the available data by calculating the product using the form
of totals and percentages. Notably, two RCTs [29,30] received a total of three doses. The
characteristics of the included studies are summarized in Table 2. We performed the quality
assessment for those included studies, the methodological quality of the included studies
was high, and the risk of bias was low. Incomplete data and other biases dominated those
bias risks. In three studies, incomplete data due to a lack of reasons for exclusive partici-
pants during the experiment, two did not specify the method of concealment allocation,
and one included a small number of participants, as shown in detail in Figures 2 and 3.
Since there were slight differences in outcome indicators among the included studies, this
analysis tested publication bias through seven RCTs. Publication bias was performed by
funnel plot and Egger’s test, and the results did not show evidence of publication bias in
total, systemic, or local adverse reactions (p < 0.05) (Figures S1 and S2) but did show in the
neutralizing antibody 28 days after dose 2 (p < 0.05) (Figure S3).

3.2. Safety of the COVID-19 Vaccines
3.2.1. Adverse Reactions to Different Introduction Doses

Results showed that the total, systemic, and local adverse reactions after vaccination,
both in the mRNA and the adenovirus vector vaccine group, showed a significantly in-
creased risk, and the risk was higher in the second dose than in the first dose (Figure S4
and Table 3). The same outcome was observed in the subunit vaccine in the total adverse
reactions, but it should be noted that the risk of local adverse reactions was higher in the
first dose (RR 2.93, 95%CI 1.76-4.89, p < 0.0001; Figure S4 and Table 3) than the second
dose (RR 1.99, 95%CI 1.24-3.18, p = 0.004; Figure S4 and Table 3) in the subunit vaccine
group. There was no difference in systemic adverse reactions of the subunit vaccine. Of
note, we found that only the risk of local reactions after initial vaccination was statistically
significant in the inactivated vaccine group (RR 6.34, 95%CI 1.54-26.10, p = 0.01; Figure S4
and Table 3). The heterogeneity among the above analyses was considerable, and we
subsequently performed subgroup analysis for the specific adverse reactions in different
vaccine groups.

In the mRNA vaccine groups, we found that the risk of most specific adverse reactions
was higher after the booster dose, such as erythema or redness (RR 7.73, 95%CI 3.76-15.90,
p < 0.00001; Figure S5, Table 4), swelling or hardness (RR 8.59, 95%CI 4.86-15.19, p < 0.00001;
Figure S5, Table 4), fever (RR 7.85, 95%CI 2.58-23.91, p = 0.0003; Figure S5 and Table 4) and
chills (RR 4.37, 95%CI 3.14-6.09, p < 0.00001; Figure S5 and Table 4). However, the risk of
headache, arthralgia, nausea or vomiting, and loss of appetite after the initial vaccination
and the risk of diarrhea and sleepiness after booster vaccination were of no significant
difference in the mRNA vaccine group (Figure S5 and Table 4).
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Table 2. The characteristics of the included studies.

Ace Type of Dose of Ad- Time of No. of the No. of the
Author, Year Country Phase (Yegrs) Vchine ministration  Inoculations Control Observation Control
(Per Dose) (Days) Group Group
mRNA-1273
Alietal. [31] The USA phase 2-3 12-17 (";%CII\II‘; 100 pg 0,28 Saline 2486 1240
vaccine)
mRNA-1273
the USA, 6 vaccine .
Anderson et al. [32] Canada phase 2-3 Months-5 (mMRNA 25 pug, 50 pg 0,28 Saline 5011 1751
vaccine)
NVX-
‘ the USA, CoV2373 .
Anez et al. [33] Mexico phase 3 12-17 (subunit 0.5mL 0,21 Saline 1487 745
vaccine)
mRNA-1273
Buddy the USA, vaccine .
Creech et al. [34] Canada phase 2-3 6-11 (mRNA 50 pug 0,28 Saline 3385 995
vaccine)
BNT162b2
Vaccine .
Frenck et al. [35] The USA phase 3 12-15 (mRNA 30 ug 0,21 Saline 1131 1129
vaccine)
CoronaVac 15 30 Aluminum
Han et al. [36] China phase 1-2 3-17 (Inactivated = HE o 0,28 hydroxide 436 114
vaccine) HE adjuvant
MVC-
Liu et al. [37] China phase 2 12-17 fggii?tl 05mL 0,28 Saline 341 58
vaccine)
5-17 (<12- CORBEVAX™ Placeb
Thuluva et al. [38] India phase 2-3 >5, <18- (subunit 0.5 mL 0,28 (Not ff t" 3 468 156
>12) vaccine) otnote
the USA, BNT162b2
Spain, Vaccine .
Walter et al. [39] Finland, phase 2-3 5-11 (mRNA 10 pg 0,21 Saline 1518 750
Poland vaccine)
WBIBP-
3-17 (3-5,
Xia et al. [29] China phase 1-2 6-12, CorV 25 pg, 5 g, 0,28,56 Alum 612 204
(Inactivated 10 ug
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In addition, in the inactivated vaccine group, the data showed only the risk of local
pain after initial vaccination (RR 21.53, 95%CI 3.00-154.35, p = 0.002; Figure S6 and Table 54)
and booster vaccination (RR 6.84, 95%CI 1.96-23.90, p = 0.003; Figure S6 and Table S4) was
significantly higher than in the control group, the risk of other specific adverse reactions
was of no significant difference compared with the control group. Similar differences were
observed in the subunit vaccine, only the risk of local pain after initial vaccination (RR 2.91,
95%C11.74-4.84, p < 0.0001; Figure S7 and Table S5) and booster vaccination (RR 1.97, 95%ClI
1.23-3.16, p = 0.005; Figure S7 and Table S5) was statistically significant. Additionally, the
data showed that only the risk of local pain (RR 5.67, 95%CI 1.83-17.55, p = 0.003; Figure S8
and Table S6) and fever (RR 7.00 95%CI 1.74-28.21, p = 0.006; Figure S8 and Table S6) after
initial vaccination was statistically significant in the adenovirus vector vaccine.

After pooling whole available data on specific adverse reactions, the significant risk
was higher in all vaccine groups than the control group but relatively lower in the subunit
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vaccine group, both after initial vaccination (RR 1.66, 95% CI 1.26-2.17, p = 0.0003; Table 5)

and after booster vaccination (RR 1.40, 95% CI 1.02-1.92, p = 0.04; Table 5).

Identification of studies via databases and registers

M
Records identified through
_S databases searching (n =2276): Records removed before
® PubMed (n=608) screening:
5-% Embase (n=582) Duplicate records removed
H the Cochrane Library (n=1086) (n=771)
= Registers (n=0)
—
A4
M)
R d d Records excluded based on
ef:or S screene —»| title and abstract
(@=ians ) (n =1454 )
A4
Reports sought for retrieval »| Reports not retrieved
= (n=51) (n=0)
=
']
5
& \ 4
Reports assessed for eligibility Reports excluded:
(n=51) Not RCT (n =2)
Irrelevent(n = 13)
Clinical trails without results
(n=22)
No outcomes of interest(n=2)
—
\ 4
2
= Studies included in quantitative
o synthesis(n =12 )
=

Figure 1. Flow chart of study identification and selection.
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Figure 2. Risk of bias graph for included RCTs.
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Figure 3. Risk of bias summary for included RCTs (the green color and special symbol “+” are
represented a low risk of bias, and the yellow color and special symbol “?” are represented an unclear
risk of bias).

3.2.2. Adverse Reactions to Different Age Groups

We observed high heterogeneity in the mRNA vaccine group when subgroup analysis
was performed according to different vaccine types. However, the heterogeneity decreased
without the RCT study by Anderson et al. The RCT by Anderson et al. was aimed at
younger children aged six months to five years, the other four RCTs were conducted
in children and adolescents above five years old. Therefore, we performed a subgroup
analysis for specific adverse reactions of mRNA vaccine recipients of different ages. For
children aged 12-17 years, the risk of almost specific adverse reactions after vaccination was
significantly higher, especially erythema/redness (RR 10.74, 95%CI 2.72-43.37, p = 0.0007;
Figure S9 and Table 6) and swelling/hardness (RR 10.61, 95%CI 4.13-27.28, p < 0.00001;
Figure S9 and Table 6) after the first vaccination and erythema/redness (RR 10.16, 95%ClI
2.05-50.29, p = 0.005; Figure S9 and Table 6), swelling /hardness (RR 10.00, 95%CI 2.11-47.24,
p = 0.004; Figure S9 and Table 6) and fever (RR 15.28, 95%CI 10.11-23.11, p < 0.00001;
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Figure S9 and Table 6) after the second vaccination. However, there were no statistical
differences in headache (RR 1.35, 95%CI 1.00-1.82, p = 0.05; Figure S9 and Table 6) and
nausea/vomiting (RR 1.78, 95%CI 0.82-3.86, p = 0.14; Figure S9 and Table 6) after the first
vaccination. For younger children aged six months—11 years, the risk of swelling /hardness
(RR 4.39, 95%CI 2.24-8.58, p < 0.0001; Figure S9 and Table 6) after the first vaccination
and erythema/redness (RR 6.45, 95%CI 2.90-14.31, p < 0.00001; Figure S9 and Table 6),
swelling/hardness (RR 7.71, 95%CI 4.33-13.72, p < 0.00001; Figure S9 and Table 6) after
the booster vaccination were significantly higher. Subsequently, we compared various
adverse reactions to vaccination occurrence in older and younger children following the
mRNA vaccine. The data suggest a significantly higher risk of specific adverse responses in
children aged 12-15 years versus 5-11 years after the booster vaccination (RR 1.84, 95%ClI
1.25-2.72, p = 0.002; Figure 510). However, there was no statistical difference after the initial
vaccination (RR 1.31, 95%CI 0.94-1.82, p = 0.11; Figure S10), indicating again that older
children were at greater risk of adverse reactions after vaccination than younger children.
Anderson et al. chose the mRNA-1273 vaccine as the intervention for children aged six
months to five years, and we decided to directly compare the occurrence of various adverse
reactions following mRNA-1273 vaccination in children aged 6-23 months and two to
five years. Results showed that the risk of various adverse reactions in participants aged
6—23 months was significantly lower than two to five years both after the initial vaccination
(RR 0.74, 95%CI1 0.71-0.77, p < 0.00001; Figure S11 and Table 7) and the booster vaccination
(RR 0.80, 95%CI 0.77-0.83, p < 0.00001; Figure S11 and Table 7). Overall, the risk of various
adverse reactions after mRNA vaccination appears to be higher in older children aged
12-17 years than in younger children aged six months-11 years. A similar outcome was
observed in children aged 6-23 months and two to five years, indicating again that younger
children may have a greater safety profile in the mRNA vaccine.

Table 3. All adverse reactions in the vaccination group versus the control group.

No. of Studies RR (95% CI) ? p-Value
Total Adverse Reactions
, After dose 1 3 1.30 [1.07, 1.57] 98% <0.05
mRNA vaccine After dose 2 3 1.43[1.14,1.79] 98% <0.05
. . After dose 1 1 1.27[0.76, 2.13] Not applicable >0.05
Inactivated vaccine After dose 2 1 1.83[0.90, 3.72] Not applicable >0.05
. . After dose 1 1 1.57[1.17,2.11] Not applicable <0.05
Submit vaccine After dose 2 1 1.94 [1.26, 2.98] Not applicable <0.05
. , After dose 1 1 3.44[1.78, 6.65] Not applicable <0.05
Adenovirus vector vaccine Ao qoge 2 1 8.25[2.06,33.00]  Not applicable <0.05
Systemic adverse reactions
, After dose 1 3 1.13[1.02, 1.24] 88% <0.05
mRNA vaccine After dose 2 3 1.47[1.08, 2.01] 99% <0.05
. . After dose 1 1 1.32[0.87, 2.00] Not applicable >0.05
Inactivated vaccine After dose 2 1 1.61 [0.76, 3.40] Not applicable >0.05
. . After dose 1 1 1.11 [0.78, 1.57] Not applicable >0.05
Submit vaccine After dose 2 1 1.22[0.72,2.09] Not applicable >0.05
. . After dose 1 1 3.70 [1.55, 8.83] Not applicable <0.05
Adenovirus vector vaccine A gror qoge 2 1 6.00[1.48,2438]  Not applicable <0.05
Local adverse reactions
, After dose 1 3 1.80 [1.11,2.92] 99% <0.05
mRNA vaccine After dose 2 3 1.93 [1.25, 2.97] 99% <0.05
. . After dose 1 1 6.34 [1.54, 26.10] Not applicable <0.05
Inactivated vaccine After dose 2 1 429[1.03,17.96]  Not applicable =0.05
. . After dose 1 1 2.93[1.76, 4.89] Not applicable <0.05
Submit vaccine After dose 2 1 1.99 [1.24, 3.18] Not applicable <0.05
. . After dose 1 1 6.00 [1.94, 18.53] Not applicable <0.05
Adenovirus vector vaccine - A gar gose 2 1 19.69 [1.21,319.62]  Not applicable <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.
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Table 4. Specific adverse reactions in the mRNA vaccine group versus the control group after dose 1

and dose 2.
After Dose 1 After Dose 2
No. of Studies RR (95% CI) ? p-Value RR (95% CI) ? p-Value
Overall 5 1.91 [1.70, 2.16] 97 <0.05 3.13[2.73, 3.59] 97 <0.05
Local pain 5 2.32[1.72,3.13] 98 <0.05 2.54[1.89, 3.42] 98 <0.05
Erythema or 7.73[3.76,
Fedoes 5 5.66 [2.75, 11.65] 92 <0.05 15.50] 92 <0.05
Swelling or 8.59 [4.86,

Hardnon 5 6.21[3.14, 12.28] 90 <0.05 15.19] 84 <0.05
Axillary 3 1.85[1.15, 2.98] 93 <0.05 2.90 [2.02, 4.18] 84 <0.05

Swelling
Fever 5 3.31[1.47, 7.45] 92 <0.05 722 [921']58' 9% <0.05
Headache 4 1.14[0.92, 1.43] 94 >0.05 2.04 [1.63, 2.56] 94 <0.05
Fatigue 4 1.29 [1.16, 1.43] 79 <0.05 2.08 [1.70, 2.54] 93 <0.05
Myalgia 4 1.59 [1.39, 1.81] 43 <0.05 2.87[2.07,3.98] 90 <0.05
Arthralgia 4 1.10 [0.84, 1.45] 77 >0.05 2.22[1.50,3.28] 89 <0.05
@a“s.e'f‘ or 4 1.41[0.99, 1.99] 75 =0.05 2.55[2.23,2.92] 0 <0.05

omiting
Chills 4 1.63 [1.15, 2.33] 89 <0.05 4.37[3.14, 6.09] 86 <0.05
Diarrhea 2 1.27 [0.96, 1.67] 23 >0.05 1.21[0.82, 1.80] 55 >0.05
Img;‘ilr‘g or 1 1.08[1.01,1.16]  Not applicable <0.05 1.10[1.01,1.19]  Not applicable <0.05
Sleepiness 1 0.97 [0.86, 1.09] Not applicable >0.05 1.04[0.90,1.19] Not applicable >0.05
Loss of appetite 1 1.12[0.96, 1.30] Not applicable >0.05 1.25[1.06,1.48]  Not applicable <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

Table 5. Overall specific adverse reactions among the vaccination group versus the control group
after dose 1 and dose 2.

After Dose 1 After Dose 2
No. of Studies RR (95% CI) I’ p-Value RR (95% CI) I? p-Value
mRNA vaccine 5 1.91 [1.70, 2.16] 97 <0.05 3.13[2.73,3.59] 97 <0.05
Inactivated vaccine 2 1.76 [1.20, 2.57] 38 <0.05 2.18 [1.30, 3.67] 0 <0.05
Subunit vaccine 1 1.66[1.26,2.17] 19 <0.05 1.40[1.02, 1.92] 12 <0.05
Vectored vaccine 1 5.27 [2.80, 9.91] 0 <0.05 6.21[2.40, 16.11] 0 <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

One RCT [30] did not provide information on adverse reactions after the whole vaccina-
tion procedure of the inactivated vaccine in different age groups. So, a subgroup analysis was
performed according to the age of the participants with two other RCTs. The data showed that
only diarrhea (RR 0.21, 95%CI 0.05-0.93, p < 0.05; Figure S12 and Table S7) was statistically
significant in children younger than 12 years old. In addition, the risk of overall specific
adverse reactions was higher in recipients aged 12-17 years than in 3-12 years (RR 2.05, 95%CI
1.58-2.66, p < 0.00001; Figure S13), this was consistent with the subgroup analyses in mRNA
vaccines, in which younger children may have a greater safety profile.

Subgroup analysis was conducted in the subunit vaccine, in children older than
12 years, only the risks of erythema/redness and nausea/vomiting were not statistically
significant, while in children younger than 12 years, all adverse events were not statistically
significant (Figure S14 and Table S8). Additionally, there was no significant difference in
different age groups (RR 1.22, 95%CI 0.87-1.71, p > 0.05; Figure 515).

Further subgroup analysis could not be performed for the adenovirus vector vaccine
due to insufficient data for the different age groups.
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Table 6. Specific adverse reactions in mRNA vaccine recipients of different ages.
>12 Years <12 Years
No. of Studies RR (95% CI) I? p-Value  No. of Studies RR (95% CI) I p-Value
After dose 1 Local pain 2 3.15[2.27,4.37] 96 <0.05 3 1.89 [1.44, 2.48] 97 <0.05
Erythema or Redness 2 10.74 [2.72, 43.37] 89 <0.05 3 3.78 [1.96, 7.29] 89 <0.05
Swelling or Hardness 2 10.61 [4.13, 27.28] 81 <0.05 3 4.39 [2.24, 8.58] 85 <0.05
Fever 2 5.00 [1.40, 17.82] 89 <0.05 3 2,50 [1.02, 6.17] 90 =0.05
Headache 2 1.35[1.00, 1.82] 96 =0.05 2 0.98 [0.89, 1.07] 0 >0.05
Fatigue 2 1.38 [1.24, 1.55] 71 <0.05 2 1.19[1.03,1.38] 72 <0.05
Myalgia 2 1.70 [1.52, 1.90] 14 <0.05 2 1.40[1.18,1.67] 0 <0.05
Arthralgia 2 1.33[1.15,1.55] 0 <0.05 2 0.84[0.45, 1.56] 85 >0.05
Nausea or Vomiting 2 1.78 [0.82, 3.86] 81 >0.05 2 1.24[0.67,2.27] 62 >0.05
Chills 2 2.08 [1.31, 3.30] 92 <0.05 2 1.25[0.83,1.87] 69 >0.05
After dose 2 Local pain 2 3.64 [2.55,5.19] 95 <0.05 3 1.99 [1.70, 2.34] 92 <0.05
Erythema or Redness 2 10.16 [2.05, 50.29] 93 <0.05 3 6.45[2.90, 14.31] 91 <0.05
Swelling or Hardness 2 10.00 [2.11, 47.24] 93 <0.05 3 7.71[4.33,13.72] 78 <0.05
Fever 2 15.28 [10.11, 23.11 4 <0.05 3 5.07 [1.14, 22.44] 97 <0.05
Headache 2 2.50 [2.14,2.91] 79 <0.05 2 1.66 [1.35,2.04] 77 <0.05
Fatigue 2 2.4712.20,2.78] 62 <0.05 2 1.75[1.55,1.98] 55 <0.05
Myalgia 2 3.80[3.35, 4.31] 0 <0.05 2 2.11[1.41, 3.16] 81 <0.05
Arthralgia 2 3.14 [2.68, 3.66] 0 <0.05 2 1.57[1.11,2.22] 57 <0.05
Nausea or Vomiting 2 2.78 [2.31, 3.36] 0 <0.05 2 2.33[1.92,2.82] 0 <0.05
Chills 2 5.85[5.03, 6.79] 0 <0.05 2 4.37 [3.14, 6.09] 72 <0.05
Note: RR, Risk ratio; CI, confidence interval; p < 0.05.
Table 7. Specific adverse reactions in mRNA vaccine recipients aged 6-23 months versus two to five years.
After Dose 1 After Dose 2
No. of Studies RR (95% CI) g p-Value RR (95% CI) g p-Value
Overall 1 0.7410.71, 0.77] 97 <0.05 0.80[0.77, 0.83] 98 <0.05
A“y::::tlisgg’e“e 1 0.70 [0.66, 0.74] Not applicable <0.05 0.73[0.70, 0.77] Not applicable <0.05
Local pain 1 0.60 [0.57, 0.64] Not applicable <0.05 0.64[0.60, 0.67] Not applicable <0.05
Erythema or Redness 1 1.53[1.24,1.89] Not applicable <0.05 1.53[1.29, 1.80] Not applicable <0.05
Sg:igr?egs‘s” 1 1.85[1.49,2.31] Not applicable <0.05 1.83[1.55,2.15] Not applicable <0.05
Axillary swelling 1 0.91[0.73,1.13] Not applicable >0.05 1.02 [0.85, 1.23] Not applicable >0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

3.2.3. Adverse Reactions to Different Dose Groups

In the mRNA and inactivated vaccine groups, participants received inconsistent doses.
Also, participants in both the subunit vaccine and adenovirus vaccine groups received the
same dose, so subgroup analysis failed to be performed on this basis.

3.3. Immunogenicity of the COVID-19 Vaccines

A total of 12 studies on the immunogenicity of COVID-19 vaccines were included in
this systematic review article. Seven RCTs met the noninferiority of the immune response
(detail in Table 8). In particular, Ali et al. also showed a GMR of 1.09 (95% CI: 0.94-1.26) for
RBD-binding ELISA antibodies in adolescents aged 12—-17 years relative to young adults
aged 16-25. In addition, Thuluva et al. reported the GMT of 1099 in adolescents aged
12-17 years and 1148 in 5-12 years, with a neutralizing antibody GMR of 0.82 in 12-18 years
and 0.86 in 5-12 years relative to adults, which meet the noninferiority criterion (i.e., the
lower limit of two-sided 95% CI of GMT ratio is >0.5 limit set) with subunit vaccine as the
intervention compared immune responses 14 days after booster vaccination in vaccinees
and adults.

3.3.1. Humoral Immune Responses in Different Doses

Five RCTs provided data on seroconversion, which showed that the seroconver-
sion after inoculation was significant, especially after the third dose (RR 392.95, 95%CI
24.66-6260.89, p < 0.0001; Figure S16 and Table 9) in inactivated vaccine groups. We found
an increase in neutralizing antibodies as the number of doses increased in the inactivated
vaccine and the adenovirus vaccine groups (Table 9). In addition, the data showed that
the neutralizing antibody was significantly increased in 28 days after dose 2 in the subunit
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vaccine group. The result of Zhu et al. showed the seroconversion rate of RBD-binding
antibodies 28 days after dose2 (RR 101.50, 95%CI 6.44-1600.76, p = 0.001, Figure S16 and
Table 10) was higher than dose 1 (RR 99.48, 95%CI 6.31-1569.12, p = 0.001, Figure S16
and Table 10) in the adenovirus vector vaccine group, and the seroconversion rate of
RBD-binding antibodies reached 100% in 28 days after booster vaccination.

Table 8. Immunogenicity of included studies.

Included Serologic The Difference
Studies Type of Vaccine Days Age (Years) Dose Participants GMT (IU/mL) GMR Respox%se il]l{Serologic Noninferiority
esponse
1401.7 336/340
Al mRNA-1273 12-17 100 ug 340 (1276.3,1539.5) 1.08 (97.0,99.7) 02
i etal. [31] vaccine (MRNA 57 13013 (0.94,1.25 292296 1824 Yes
vaccine) 18-25 NA 296 " 94,1.25) (-18,24)
(1177.0, 1438.8) (96.6,99.6)
. 1781 1.3 230/230 0.7 N
6-23 months g 230 (1616, 1962) (1.1,1.5) (98.4,100.0) (~1.0,2.5) Yes
Anderson et al. (32 BN as »s 26a 1410 10 261/264 04 Yes
nderson et al. [32] vaceine tm 57 B Hg (1272, 1563) 0.9,1.2) (96.7,99.8) (-27,1.5) s
vaccine) 1505 100 - 1391 ) 289/291 | ,
He (1263, 1531) (97.5,99.9)
3860 -/390 (98.7%)
— NVX-CoV2373 w5 1217 0.5 mL 390 (3423, 4352) 15 (97.0,99.6) “10 y
Aftez et al. [33] (subunit vaccine) 1895 NA " 2634 13,17) -/416 (99.8%) (~28,02) es
(2398, 2904) (98.7,100)
1610.2 313/316
Buddy ,mRNA(’liﬁ A . o1 50 ug 320 (1456.6, 1780.0) 12 (97.3,99.8) 0.1 e
Creech et al. [34] “““‘:B ;") 18.25 100 205 (1.1, 1.4) 292/295 (~19,2.1) es
vaccne, > ] > (1170.6, 1443.4) (97.1,99.8)
12395
Frenck et o, 1351 BNTI6202 Vaccine A month after 12-15 0 ug 190 (1095.5,1402.5) 176 NA A "
renck etal. (mRNA vaccine) dose 2 1625 NA 170 705.1 (1.47,2.10) NA es
(621.4,800.2)
648.47 334/334
Liuwetal, [37] MVC-COV1901 5 12-17 05 mlL 334 (608.62, 690.93) 116 (98.90, 100.00) ~0.0% v
fuetal. |- (subunit vaccine) 2030 NA 210 559.54 (1.04,1.29) 210/210 (0.00, 0.00) es
(512.05, 611.34) (98.26, 100.00)
1197.6
Walter et al. [39 BNT162b2 vaccine A month after 51 10 ng 264 (1106.1, 1296.6) 1.04 NA NA Yoo
alter etal. [39] (mRNA vaccine) dose 2 165 2 253 11465 (0.93,1.18) NA es
O ug - (1045.5,1257.2)
Note: GMT, geometric mean titers; GMR, geometric mean ratio; NA, not available.
Table 9. Neutralizing antibody in the vaccine groups versus the control groups.
Vaccine Type Time No. of Studies RR (95% CI) I2 p-Value
Inactivated vaccine 28 days after dose 1 2 245.69 [34.93,1727.83] 67 <0.05
28 days after dose 2 3 363.09 [73.82, 1785.92] 0 <0.05
28 days after dose 3 1 392.95 [24.66, 6260.89] Not applicable <0.05
Subunit vaccine 28 days after dose 2 1 31.29 [6.48, 151.07] Not applicable <0.05
Adenovirus vaccine 28 days after dose 1 1 14.67 [4.88, 44.04] Not applicable <0.05
28 days after dose 2 1 24.50 [6.30, 95.28] Not applicable <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

Table 10. RBD-binding enzyme immunosorbent assay antibody in the adenovirus vaccine group.

No. of Studies RR (95% CI) 2 p-Value
28 days after Dose 1 1 99.48 [6.31, 1569.12] Not applicable <0.05
28 days after Dose 2 1 101.50 [6.44, 1600.76] Not applicable <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

3.3.2. Humoral Immune Responses in Different Ages

Publication bias was performed by funnel plot (Egger’s test, p = 0.026). Subgroup
analysis was performed because three RCTs provided seroconversions for different age
groups at 28 days after vaccination. The data showed a significant humoral immune
response to SARS-CoV-2 after receiving vaccination in all age groups, but the response
appears to be inversely proportional to age, children aged three to five years (RR 125.90,
95%CI 25.72-616.35, p < 0.00001; Figure S16 and Table 11) have the most robust immune
response of the three age groups at 28 days after the second dose. Similar differences were
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observed after the third dose; the response appears to be relatively high in children aged
three to five years (RR 163.67, 95%CI 10.32-2594.58, p = 0.0003; Figure S16 and Table 11).

Table 11. Neutralizing antibody in the inactivated vaccine groups versus the control groups.

Neutralizing antibody 28 days after Dose 2

3-5 years old
6-11/12 years old
12/13-17 years old

Neutralizing antibody 28 days after Dose 3

3-5 years old
6-12 years old
13-17 years old

No. of Studies RR (95% CI) ? p-Value
3 125.90 [25.72, 616.35] 0 <0.05
3 122.82 [25.05, 602.16] 0 <0.05
3 117.87 [24.04, 577.88] 0 <0.05
1 163.67 [10.32, 2594.58] Not applicable <0.05
1 120.30 [7.61, 1901.57] Not applicable <0.05
1 112.80[7.13, 1783.53] Not applicable <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

3.3.3. Cellular Immune Responses

Two RCTs also assessed the ability of the COVID-19 vaccines to induce T-cell-mediated
immunity among participants. Thuluva et al. showed that Th1 significantly skewed cellular
immune response after CORBEVAX™ vaccination. Similarly, in the trial of Zhu et al., the
data showed that a specific T-cell response was induced at day 28 after primary vaccination,
particularly in Th1 cell responses.

3.4. Efficacy of the COVID-19 Vaccines

Among the studies on the efficacy of the COVID-19 vaccines, five RCTs were about the
mRNA vaccine, three on the mRNA-1273 vaccine, and two were on the BNT162b2 vaccine,
with about 100.0% (95% CI: 28.9%-NE%) efficacy was found in Ali et al., 36.8% (12.5% to
54.0%) of 2-5 years old and 50.6% (21.4% to 68.6%) of 6-23 months in Anderson et al.,
88.0% (70.0-95.8%) in Buddy Creech et al., 100% (95% CI: 75.3-100%) in Frenck et al., 90.7%
(95% CI: 67.4%-98.3%) in Walter et al., and one RCT was on subunit vaccine, about 79.5%
(95% CI, 46.8% to 92.1%) efficacy was demonstrated against the predominant circulating
Delta variant, in addition, 82.0% (95% ClI, 32.4% to 95.2%) efficacy was found due to
the SARS-CoV-2 delta variant. Both mRNA vaccines provided satisfactory prevention
against COVID-19, especially seven days after the booster dose (RR 0.08, 95%CI 0.03-0.24,
p < 0.00001; Figure S17 and Table 12). Other RCT studies with inactivated, subunit, or
adenovirus vector vaccines as interventions did not evaluate the vaccine efficacy.

Table 12. COVID-19 was diagnosed after vaccination in the vaccine group versus the control group.

No. of Studies RR (95% CI) ? p-Value

COVID-19 after the vaccination
After dose 1 to before dose 2 2 0.16 [0.08, 0.32] 0 <0.05
Within 7 days after dose 2 1 0.09 [0.01, 1.64] Not applicable >0.05
7 days after dose 2 2 0.08 [0.03, 0.24] 0 <0.05
14 days after dose 2 3 0.30[0.09, 0.97] 62 <0.05

COVID-19 after dose 2

mRNA-1273 vaccine 3 0.30[0.09, 0.97] 62 <0.05
BNT162b2 COVID-19 Vaccine 2 0.08 [0.03, 0.24] 0 <0.05

Note: RR, Risk ratio; CI, confidence interval; p < 0.05.

4. Discussion

As the global epidemic spreads, vaccinating children against COVID-19 has become
one of the effective measures to prevent the development of the epidemic, but whether
children are vaccinated largely depends on the wishes of parents or guardians. Parents with
vaccine-hesitant were less knowledgeable about vaccines, the primary reason for concern is
the vaccine safety and efficacy [41-43]. The children’s age and current physical condition
are other consideration factors for parents on vaccination, and parents are reluctant to
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vaccinate younger children and those who have been sick recently [44]. Other factors
influence parents” vaccination intention and uptakes, such as parents’ age, education,
occupation, previous COVID-19 infection, and vaccination status [45,46]. Recent research
shows that a high prevalence of severe COVID-19 was in children with comorbidities,
such as obesity, diabetes, heart disease, and chronic lung diseases, and that neonate and
premature infants also had a high risk [47]. Therefore, vaccination is vital.

An evaluation of COVID-19 vaccines will eliminate parents” doubts about vaccines and
contribute to children’s physical and mental health and all-around development. The find-
ings of our review provide a comprehensive evidence profile on the safety, immunogenicity,
and efficacy of COVID-19 vaccines in children younger than 18 years.

Our results show that the most common adverse reactions included local pain, swelling /
hardness, and fever after the initial vaccination, and local pain, erythema/redness, swelling/
hardness, and fever after the booster vaccination. Still, most local, and systemic adverse
reactions were predominantly mild to moderate in severity and transient. Different from
Du et al. [48], our meta-analysis found that the adenovirus vaccine was of the lowest safety,
while the subunit vaccine was highest in our analyses of the four COVID-19 vaccines;
this may be related to our inclusion of the subunit vaccine. However, the RCT [40] with
adenoviral vector vaccine as an intervention was a small-sample study, and future studies
are still required. In addition, there were no significant differences in total, systemic and local
adverse reactions among different dose groups for various vaccines. Our results indicated
that younger children may have a greater safety profile in the mRNA vaccine group and the
inactivated vaccine group.

Good immunogenicity was observed in the included vaccine types. We found that the
immune response to the mRNA and the subunit vaccine in adolescents was non-inferior
in young people, consistent with the previous systemic review [49]. It was found that
the humoral immune response is proportional to the number of doses in the inactivated
and the adenovirus vaccine groups in our meta-analysis. In addition, our analysis found
dose-level-dependent immunogenicity in the inactivated vaccine, which was in line with a
newly published meta-analysis conducted by Du et al. [48]. The data of Han et al. showed
that the higher dose of the vaccine could induce stronger immune responses in all age
groups compared with the lower dose of the adenovirus vector vaccine. However, there
are some different findings in our analysis; the immunogenicity’s strength was negatively
correlated with age in the inactivated vaccine. Some possibilities have been suggested.
Other vaccines given to children produce a strong immune response to provide a better
immune environment and generate cross-reactivity among the different beta coronaviruses,
which may confer a nonspecific protective effect against SARS-CoV-2, such as measles,
mumps, and rubella [50-52]. The immunity responses decreased with aging, indicating that
a booster vaccine may be needed. However, the data showed a lower seroconversion rate
and neutralizing antibody titer on day 28 in younger children (three to five years) than that
of other age cohorts by Xia et al. [30]; future studies are still required to explore this result.
The mRNA vaccines and subunit vaccines also elicited robust binding antibody responses
to the prototype SARS-CoV-2, as well as against more recent variants: Alpha, Beta, Delta,
and Omicron, including subvariants BA.1, BA.2, and BA.5 and the B.1.351 (beta), B.1.617.2
(delta), and Omicron variants. The data from Thuluva et al. showed the cellular immune
response in the pediatric population demonstrated the expected Th1 skew. However, the
specific T-cell response was not enhanced after booster vaccination by Zhu et al. [40].

Our analysis showed that the mRNA and subunit vaccines provided satisfactory
protection against prototype SARS-CoV-2 and more recent variants. It should be especially
noted that the research of Anderson et al. showed a lower efficacy, in which B.1.1.529
(Omicron) was the predominant circulating variant at the time of this experiment. The
effectiveness of the mRNA vaccine declined during the Omicron period, and a similar
phenomenon was also observed in other research on children and adults [53-55]. Like the
previous studies, the vaccines still have a protective effect even during an epidemic of a
new variant [56-58], which also led to significant heterogeneity in effectiveness analyses,
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and there was little change in the meta-analysis result with Anderson’s RCT removed,
indicating that the analysis results were robust.

Compared with the previous meta-analysis, this is the first meta-analysis to include
children aged six months to three years old on COVID-19 vaccines. In addition, a new type
of vaccine (subunit vaccine) has been added to our analysis, providing a more comprehen-
sive assessment of existing vaccines’ safety, immunogenicity, and efficacy. Additionally,
our review evaluates the effectiveness of the mRNA vaccine against the Omicron variants.
This review included the latest high-quality randomized controlled studies and had a large
sample size, with 17,731 participants in the experimental group and 7444 in the control
group, which provides strong evidence for vaccine evaluation.

There are several limitations in our systematic review and meta-analysis. First, there
is a lack of data on younger children under six months and a lack of longer-term follow-up
to assess the duration of immune responses, efficacy, and safety for children younger
than 18. In addition, our analysis included four types of COVID-19 vaccines (the mRNA,
inactivated, subunit, and adenovirus vector vaccine); however, there was just one RCT
about the adenoviral vector vaccine as an intervention with a small sample, and only two
RCTs provided relevant data on cellular immune responses in our analysis. Further studies
are still required. In addition, our meta-analysis did not evaluate the COVID-19 vaccines
in high-risk children, nor did we evaluate the effectiveness of the COVID-19 vaccine by
hospitalization, severe illness, and mortality rates of children in the vaccine and control
groups, due to limited data. Last and most importantly, high unexplained heterogeneity
could be found in some subgroups in our review, which might be attributed to the variation
in different variants, the design of studies, vaccine dose, sociodemographic factors, etc.
Therefore, the safety, immunogenicity, and efficacy of different COVID-19 vaccines in
children younger than 18 years, especially under six months, still require extensive and
high-quality studies and longer follow-up periods.

The following questions remain about the vaccination of children under the age of
18. First, long-term follow-up is needed to assess the duration and efficacy of the immune
response to COVID-19 vaccines. Second, it is urgent to evaluate whether the COVID-19
vaccines cause severe side effects such as glomerulonephritis, myocarditis, and chronic
fatigue syndrome. Finally, more attention should be given to vaccinating high-risk children
to protect them from contracting COVID-19.

5. Conclusions

Based on the systematic analysis of the four COVID-19 vaccines, we found that the
four vaccines are generally safe and feasible with no serious side effects, but considering
that some vaccines have been less studied, further research is needed. The immunogenicity
and effectiveness of the four vaccines in children younger than 18 years are acceptable and
approved, which may improve parents’ confidence in COVID-19 vaccinations. However,
there are no data on children younger than six months, and more research are needed.
Longer-term follow-up is required to assess the duration of immune responses, efficacy,
and safety.
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Abstract: This scientific review paper explores international and country-specific healthcare guide-
lines for non-communicable diseases with the highest burden among individuals aged 75 years
and above. The study aims to identify the best vaccination practices and standardize healthcare
practices to improve vaccination adherence in this vulnerable population. Given that older people
are more prone to infectious illnesses and have higher rates of morbidity and mortality, vaccinations
are essential for disease prevention. Despite the proven efficacy of vaccinations, adherence has
plateaued in recent years, partly due to a lack of accessibility, public education, and variability in
disease-specific guidelines. This paper highlights the need for a more robust and standardized
international vaccination model to improve quality of life and reduce disability-adjusted life years
among the elderly. The findings of this study call for further research to review the guidelines as
more implementations are put in place, including non-English guidelines.

Keywords: vaccination; guidelines; geriatric; elderly; public health; review

1. Introduction

Development of vaccinations has been touted as one of the most cost-effective and
efficacious public health interventions in the world. An estimated 2.5 million deaths are
prevented by vaccinations each year [1]. Increased accessibility to vaccines is prolonging
life expectancy and decreasing morbidity and mortality caused by vaccine-preventable
diseases. Primary prevention through vaccinations has an integral part to play in caring for
patients, especially in vulnerable populations such as the elderly. There is a notable direct
relationship between increasing age and susceptibility to infections among the elderly, with
infectious diseases accounting for one third of deaths in adults aged 65 and older [2,3].

Our project focuses on non-communicable diseases (NCD) which are defined by the
Pan American Health Organization (PAHO) as a “group of conditions that are not mainly
caused by an acute infection, result in long-term health consequences and often create a
need for long-term treatment and care” [4]. According to the World Health Organization
(WHO), NCDs are the leading cause of death worldwide, responsible for 71% of the total
number of deaths each year [5].

Vaccination adherence has plateaued in recent years, largely due to the COVID-19
pandemic and its associated disruptions [6]. Other factors such as a lack of accessibility
and public education also contribute to vaccination uptake being suboptimal.

One way to shape policy and allow for better vaccine implementation is publish-
ing guideline recommendations. The WHO has a database with papers recommending
vaccinations to prevent various life-threatening conditions [7].

Disease-specific guidelines are more relevant and influential in clinical practice. How-
ever, their vaccination recommendations may be variable, contributing to suboptimal
vaccination practices. Therefore, there is a need to review the healthcare guidelines of
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different countries, identify the role of vaccinations in the proposed management, and
standardise these healthcare practices in order to boost vaccination adherence.

This project aims to examine international and country-specific healthcare guidelines
on non-communicable diseases with greatest burden as quantified by mortality, morbidity,
and disability-adjusted life years among the age group of 75 years old and above. With the
increasing vulnerability of the older age group, this study is pertinent to identify the best
vaccination practices for a more robust and standardised international vaccination model
to be established.

2. Materials and Methods
Please see Figure 1 for a summary of the Materials and Methods.

Diseases and injuries identification

Top 25 diseases and injuries for those 75 years and above were identified from“Global burden of 369 diseases and injuries in 204 countries and territories, 1990—

2019: a systematic analysis for the Global Burden of Disease Study 2019” (GBD)

A 4

Keywords in the definitions stated by The Institute for Health Metrics and All guidelines listed in the Society Guideline Link pages were included if they
Evaluation (IHME) were searched up in UpToDate for the relevant Society fulfilled the target age group of this study (age 75 and above) and were in
Guideline Link pages English

Disease classification

Diseases with at least 1 guideline that has at least 1 vaccination Selected diseases were grouped into non-communicable diseases,
recommendation were selected communicable diseases and injuries

A 4

Information extractiol m guidelines of non-communicable diseases

Each guideline was analysed for 10 pieces of information: name of recommended vaccines, strength of recommendation, specific indications, specific

contraindications, harms, recommended timing of vaccination, route of administration, dosage, storage and specific considerations for the respective vaccines

Figure 1. Flowchart of materials and methods.

2.1. Diseases and Injuries Identification

The study “Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019” (GBD) [8],
was referenced for this study. The top 25 diseases and injuries for those 75 years and above,
ranked according to disability-adjusted life years (DALYs), were identified.

The 25 identified diseases and injuries are as follows: ischaemic heart disease (IHD);
stroke; chronic obstructive pulmonary disease (COPD); Alzheimer’s disease and other
dementias; diabetes; lower respiratory infections (LRI); tracheal, bronchus, and lung cancer;
falls; chronic kidney disease (CKD); age-related hearing loss; hypertensive heart disease;
diarrhoeal diseases; low back pain; colon and rectal cancer; blindness and vision loss; atrial
fibrillation and flutter; stomach cancer; prostate cancer, cirrhosis and other chronic liver
diseases; Parkinson’s disease; osteoarthritis; oral disorders; tuberculosis (TB); asthma; and
road injuries.

2.2. Guideline Selection and Eligible Criteria

The Institute for Health Metrics and Evaluation (IHME), which published GBD, has a
definition for every disease and injury. The keywords mentioned in the definition were
then searched in UpToDate for the relevant Society Guideline Link pages.
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UpToDate (UpToDate Inc, Waltham, MA, USA) is an evidence-based point of care
medical resource that is widely used by healthcare professionals [9] due to its feasibility
and usefulness in clinical decision-making [10]; it was referenced for the list of guidelines.

Guidelines listed in the Society Guideline Link pages were included if they fulfilled
the target age group of this study (age 75 and above) and were in English. The guideline
selection process was undertaken from September 2022 to November 2022.

2.3. Disease Classification

Diseases with at least one guideline that has at least one vaccination recommendation
were selected. This group of diseases was then classified into non-communicable diseases,
communicable diseases and injuries. This classification system is used by WHO to analyse
the composition of DALYs in the World Health Statistics 2023 [11].

2.4. Information Extraction

Each guideline of each non-communicable disease was further analysed for ten pieces
of information: name of recommended vaccines, strength of recommendation, specific
indications, specific contraindications, harms, recommended timing of vaccination, route
of administration, dosage, storage, and specific considerations for the respective vaccines.

Strength of recommendation refers to the extent of the confidence the panel of experts
have in a specific recommendation, usually following the analysis of the benefits, risks, the
context, and the quality of the evidence [12]. The strength of recommendation influences
the ease and /or complexity of adopting and implementing a recommendation [13].

Indications, contraindications, harms are crucial for healthcare professionals to weigh
the risks and benefits of vaccination, as these affect their confidence in offering the vaccina-
tion to their patients [14,15].

3. Results

Out of the 25 identified diseases, 23 (ischaemic heart disease; stroke; chronic ob-
structive pulmonary disease; Alzheimer’s disease and other dementias; diabetes; lower
respiratory infections; tracheal, bronchus, and lung cancer; falls; chronic kidney disease;
age-related hearing loss; hypertensive heart disease; diarrhoeal diseases; low back pain;
colon and rectal cancer; atrial fibrillation and flutter; stomach cancer; prostate cancer;
cirrhosis and other chronic liver diseases; Parkinson’s disease; osteoarthritis; tuberculosis;
asthma; and road injuries) contained guidelines listed in the Society Guideline Link on
UpToDate. Upon further analysis of these 23 diseases, 15 (ischaemic heart disease; stroke;
chronic obstructive pulmonary disease; diabetes; lower respiratory infections; falls; chronic
kidney disease; hypertensive heart disease, diarrhoeal diseases; colon and rectal cancer;
atrial fibrillation and flutter; stomach cancer; cirrhosis and other chronic liver diseases;
tuberculosis; asthma) contained guidelines which mentioned vaccine recommendations.

Out of these 15 diseases, we will focus on 11 of the non-communicable diseases namely:
ischaemic heart disease; stroke; chronic obstructive pulmonary disease; diabetes; chronic
kidney disease; hypertensive heart disease; colon and rectal cancer; atrial fibrillation and
flutter; stomach cancer; cirrhosis and other chronic liver diseases; and asthma). Lower
respiratory infections, diarrhoeal diseases, and tuberculosis are excluded as they are com-
municable diseases. Falls are excluded because according to the World Health Organisation
(WHO), they are grouped separately.

3.1. IHD

For ischaemic heart disease, 6 out of 102 guidelines mentioned vaccine recommenda-
tions. These guidelines were from the United States, Europe and Australia—-New Zealand.
All six guidelines recommended the influenza vaccine. Only one guideline, which was
from Australia—-New Zealand, recommended the pneumococcal vaccine.

This paragraph focuses on guidelines recommending the influenza vaccine. In terms of
their strength of recommendation, three guidelines were strong, while three were not stated.
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Additionally, specific indications from the six guidelines include stable ischaemic heart
disease patients aged 65 years old and above; all CABG patients unless contraindications
exist; chronic coronary syndrome patients aged 65 and above; and everyone with coronary
heart disease unless contraindicated. Only one guideline mentioned specific harms, which
were pain and myalgia at the injection site. Overall, it is recommended that the influenza
vaccine be given annually via intramuscular route, using a standard dose (volume was not
mentioned). There was also no mention of any storage information.

This paragraph focuses on the one guideline recommending the pneumococcal vaccine.
The strength of recommendation, specific contraindication and harms, vaccine adminis-
tration, and storage details were not mentioned. Specific indications were for everyone
with coronary heart disease, unless contraindicated. A summary of the above vaccine
recommendations can be found in the Supplementary Materials (Table S1).

3.2. Hypertensive Heart Disease

For hypertensive heart disease, 10 out of 76 guidelines mentioned vaccine recommen-
dations. These guidelines were from Canada, United States, Europe, United Kingdom and
Australia—New Zealand. All ten guidelines recommend the influenza vaccine. Eight out of
the ten guidelines recommended the pneumococcal vaccine. One guideline recommended
the COVID-19 vaccine.

This paragraph focuses on guidelines recommending the influenza vaccine. In terms
of their strength of recommendation, two guidelines mentioned that it was recommended,
while eight did not state the strength of recommendation. Additionally, specific indications
from the ten guidelines include patients at high risk of developing heart failure and patients
with heart failure. The vaccine is recommended for administration annually. Overall,
specific contraindications and harms, vaccine administration, and storage details were
not mentioned.

This paragraph focuses on guidelines recommending the pneumococcal vaccine. In
terms of their strength of recommendation, two guidelines mentioned that it was recom-
mended, while six did not state the strength of recommendation. Additionally, specific
indications include patients at high risk of developing heart failure and patients with heart
failure. Overall, specific contraindications and harms, vaccine administration, and storage
details were not mentioned.

The strength of recommendation of the COVID-19 vaccine was not stated. It is in-
dicated for patients with heart failure. Specific contraindications and harms, vaccine
administration, and storage details were not mentioned. A summary of the above vaccine
recommendations can be found in the Supplementary Materials (Table S2).

3.3. Atrial Fibrillation and Flutter

For atrial fibrillation and flutter, 1 out of 72 guidelines mentioned vaccine recommen-
dations. That one guideline, from the United States, recommended the influenza and pneu-
mococcal vaccines. The strength of recommendation of both is not stated. They are both
indicated for patients with valvular heart disease. Overall, specific contraindications and
harms, vaccine administration, and storage details were not mentioned. A summary of the
above vaccine recommendations can be found in the Supplementary Materials (Table S3).

3.4. COPD

For COPD, 7 out of 39 guidelines mentioned vaccine recommendations. These
guidelines were international, and from the United States, Canada, United Kingdom and
Australia-New Zealand. All seven guidelines recommended the influenza vaccine. Only
six out of seven guidelines recommended the pneumococcal vaccine. Only one guideline,
from the Global Initiative for Chronic Obstructive Lung Disease (GOLD), recommended
three additional vaccines: coronavirus disease 2019 (COVID-19); the tetanus, diphtheria,
pertussis vaccine (Tdap); and zoster, alongside the two aforementioned vaccines.

38



Vaccines 2023, 11, 1076

This paragraph focuses on guidelines recommending the influenza vaccine. In terms
of their strength of recommendation, two guidelines were strong, one weak, and four did
not state the strength of recommendation. The specific indication for the influenza vaccine
is for all patients with COPD. The vaccine is recommended for administration annually.
Overall, specific contraindications and harms, vaccine administration, and storage details
were not mentioned.

This paragraph focuses on guidelines recommending the pneumococcal vaccine. In
terms of their strength of recommendation, two guidelines were weak, while four did
not state this factor. The specific indications include COPD patients below 65 years old,
and patients 65 years old and older; adults with COPD, especially those with specific
comorbidities or undergoing certain treatments (e.g., chemotherapy); and varying recom-
mendations, depending on smoking and vaccination history. The vaccine is recommended
for administration at 50, 65 or at diagnosis of COPD, depending on the patient’s smoking
and vaccination history. This is followed by a second, subsequent revaccination. Overall,
specific contraindications and harms, vaccine administration, and storage details were
not mentioned.

For COVID-19, the tetanus, diphtheria, pertussis vaccine (Tdap), and zoster vaccines,
the strength of recommendation was not stated in the guidelines. The specific indica-
tions include all patients with COPD, for the COVID-19 vaccine; those who were not
vaccinated in adolescence, for the Tdap vaccine; and adults with COPD > 50 years old,
for the Zoster vaccine. For COVID-19, in terms of the timing of the vaccine, the guide-
line recommended following national guidelines. Overall, specific contraindications and
harms, timing for the other two vaccines, vaccine administration, and storage details were
not mentioned. A summary of the above vaccine recommendations can be found in the
Supplementary Materials (Table S4).

3.5. Asthma

For asthma, 3 out of 45 guidelines mentioned vaccine recommendations. These
guidelines were international, and from the United States and Australia—New Zealand.
All three guidelines recommended the Influenza vaccine. Two out of three guidelines
recommended the pneumococcal vaccine. Collectively, one other vaccine (the COVID 19
vaccine) was recommended, alongside the aforementioned vaccines.

Strength of recommendation for all vaccines was not stated in any of the three guide-
lines. Specific indications include patients with asthma; patients with severe asthma,
defined as those who need frequent hospital visits and multiple medicines for asthma;
all adults 65 years or more; patients with COPD; pregnant women; and any adult who
wishes to avoid influenza. Contraindications to the influenza and pneumococcal vaccines
are patients who are receiving high-dose oral steroid therapy. The influenza vaccine is
recommended for administration annually.

Special considerations include that the influenza vaccine should not be given with
the expectation that it will reduce either the frequency or severity of asthma exacerbations
during the influenza season; that for patients who have documented histories of anaphy-
lactic reactions after ingestion of egg protein and documented evidence of current allergic
sensitization to eggs (skin testing or in vitro antigen-specific IgE antibody testing), the
risk/benefit ratio of administering of influenza vaccine should be reviewed carefully; and
that the first dose of biologic therapy and COVID-19 vaccine should not be given on the
same day, to allow the adverse effects of either to be more easily distinguished. Overall,
other specific contraindications and harms, vaccine administration, and storage details
were not mentioned. A summary of the above vaccine recommendations can be found in
the Supplementary Materials (Table S5).

3.6. Cirrhosis and Other Chronic Liver Diseases

For cirrhosis and other chronic liver diseases, 3 out of 45 guidelines mentioned vaccine
recommendations. These guidelines were from the United States. All three guidelines
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recommended the hepatitis A and hepatitis B vaccines. Two out of three of the guide-
lines recommended the pneumococcal and influenza vaccines. Collectively, six other
vaccines—Tdap, zoster, HPV, MMR, varicella, and COVID-19 vaccines—were recom-
mended, alongside the previously mentioned vaccines.

Strength of recommendation for all vaccines was not stated in any of the three guide-
lines. Specific indications include patients with chronic liver disease and patients with
alcoholic cirrhosis. Overall, specific contraindications and harms, vaccine administration,
and storage details were not mentioned for all vaccines. A summary of the above vaccine
recommendations can be found in the Supplementary Materials (Table S6).

3.7. Colon and Rectal Cancer

For colon and rectal cancer, 1 out of 46 guidelines mentioned vaccine recommendations.
That 1 guideline, from India, recommended the influenza, hepatitis B, MMR, BCG and
yellow fever vaccines. The strength of recommendation for all the vaccines was not stated.
They are indicated for patients with colorectal cancer undergoing chemotherapy. Some
contraindications include that the MMR, BCG and yellow fever vaccines should never be
administered to immunocompromised patients, including those receiving chemotherapy,
within 6 months of receiving chemotherapy. In terms of timing, the influenza vaccine
should be given before chemotherapy, and the hepatitis B vaccine should be given at the
end of the chemotherapy cycle. Overall, immunization should be postponed if a patient
is suffering from an acute illness. Other vaccine administration information and storage
details were not mentioned. A summary of the above vaccine recommendations can be
found in the Supplementary Materials (Table S7).

3.8. Stomach Cancer

For stomach cancer, 2 out of 22 guidelines mentioned vaccine recommendations. These
guidelines were from Canada and India. Both guidelines recommended the influenza,
pneumococcal and haemophilus influenza type B (Hib) vaccine. Collectively, four other
vaccines—Tdap, polio, varicella zoster, and meningococcal vaccines—were also recom-
mended, on top of the previously mentioned vaccines.

This paragraph focuses on guidelines recommending the influenza, pneumococcal
and haemophilus influenza type B (Hib) vaccine. The strength of recommendation was not
stated. Additionally, specific indications include patients above 2 years old and patients
with gastric lymphoma. The vaccine is recommended to be given 2 to 3 weeks before
operation or initiation of anti-lymphoid cancer treatment, and given again 5 years later.
Overall, specific contraindications and harms, vaccine administration, and storage details
were not mentioned.

For the Tdap, polio, varicella zoster and meningococcal vaccines, the strength of
recommendation was not stated. Specific indications include patients above 2 years old
and patients with gastric lymphoma. It is recommended that vaccination is carried out
once for the meningococcal vaccine and every 10 years for the Tdap and polio vaccines.
The oral polio vaccine is contraindicated in patients with lymphoid cancer. Overall, other
specific contraindications and harms, vaccine administration, and storage details were
not mentioned. A summary of the above vaccine recommendations can be found in the
Supplementary Materials (Table S8).

3.9. Diabetes

For diabetes, 7 out of 108 guidelines mentioned vaccine recommendations. These
guidelines were international, and from Canada, the United States, United Kingdom, India,
Australia-New Zealand and Japan. All seven guidelines recommended the influenza
vaccine. Only six out of seven guidelines recommended the pneumococcal vaccine. Collec-
tively, seven other vaccines—Tdap, hepatitis A, hepatitis B, herpes zoster, varicella, human
papillomavirus (HPV), and measles, mumps, rubella (MMR)—were also recommended,
alongside the two previously mentioned vaccines.
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This paragraph focuses on guidelines recommending the influenza vaccine. In terms
of their strength of recommendation, one guideline was very strong, one weak and
five not stated. Additionally, specific indications from the seven guidelines include all
older people with diabetes, and persons with diabetes who are 6 months old and older.
One guideline indicated a contraindication of egg allergy, a recent history of Guillain—Barre
syndrome within six weeks of a previous influenza vaccination, and febrile illness or
any acute infection. The vaccine is recommended for administration annually. Overall,
specific contraindications and harms, vaccine administration, and storage details were
not mentioned.

This paragraph focuses on guidelines recommending the pneumococcal vaccine. In
terms of their strength of recommendation, one guideline was weak, while five were not
stated. Additionally, specific indications from the six guidelines include persons with
diabetes aged 19 to 64 years, and people with diabetes 65 years and older or with an
immunocompromising condition (e.g., end-stage renal disease). One guideline indicated
a contraindication of hypersensitivity to the active substances, or to any of the excipients
of the vaccine febrile illness, or any acute infection. The vaccine is recommended for
administration at the time of diagnosis, with a second and third dose later on in life. Overall,
specific contraindications and harms, vaccine administration, and storage details were
not mentioned.

For the seven other vaccines—Tdap, hepatitis A, hepatitis B, herpes zoster, varicella,
human papillomavirus (HPV), and measles, mumps, rubella (MMR)—the strength of rec-
ommendation for the guidelines varied from not stated to very strong. Specific indications
include all unvaccinated patients with diabetes, for the hepatitis B vaccine; females and
diabetic patients, for the HPV vaccine; and T2DM patients aged 70 to 79 years old, for
the zoster vaccine. In terms of the timing of the vaccinations, the guidelines recommend
that the hepatitis B vaccine be given at the diagnosis of diabetes; that Tdap be given every
10 years, following the completion of the primary series in routine childhood vaccination;
that one or two doses of MMR vaccine be given 4 weeks apart; that two doses of Varicella
vaccine be given 4 weeks apart; that the zoster vaccine be given once at 60 years old; that
two doses of the hepatitis A vaccine be given 6 months apart; and that three doses of the
HPV vaccine be given, up to the age of 26. Overall, specific contraindications and harms,
vaccine administration, and storage details were not mentioned. A summary of the above
vaccine recommendations can be found in the Supplementary Materials (Table S9).

3.10. CKD

For chronic kidney disease, 6 out of 46 guidelines mentioned vaccine recommendations.
These guidelines were international, and from the United States, Australia-New Zealand
and Japan. Five out of six of the guidelines recommended both the pneumococcal and
influenza vaccine. Four out of six of the guidelines recommended the hepatitis B vaccine.
Collectively, six other vaccines—Tdap, MMR, varicella, zoster/shingles, varicella, hepatitis
A—were also recommended alongside the three previously mentioned vaccines.

This paragraph focuses on guidelines recommending the influenza vaccine. Their
strength of recommendation ranged from a grade 1 strength of recommendation to a
grade 2 level of recommendation (i.e., strong); some guidelines did not state a strength
of recommendation. Additionally, specific indications from the six guidelines include
adults with CKD and/or diabetes. Specific contraindications mentioned include giving
a live attenuated influenza vaccine to CKD patients. The vaccine is recommended for
administration annually. Overall, storage details were not mentioned.

This paragraph focuses on guidelines recommending the pneumococcal vaccine. Their
strength of recommendation ranged from a grade 1 strength of recommendation to a
grade 2 level of recommendation (i.e., strong); some guidelines did not state a strength of
recommendation. Additionally, specific indications include adults aged > 19 years with
immunocompromising conditions (including those with chronic renal failure or nephrotic
syndrome), functional or anatomic asplenia, cerebrospinal fluid (CSF) leaks, or cochlear
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implants; eGFR < 30 mL/min/1.73 m? (GFR categories G4-G5), and those at high risk of
pneumococcal infection (e.g., nephrotic syndrome, diabetes, or those receiving immuno-
suppression); all adults aged 65 years and older; and adults at high risk aged 19 to 64 years.
Revaccination is recommended within 5 years. Overall, specific contraindications and
harms, vaccine administration, and storage details were not mentioned.

For the six other vaccines (Tdap, MMR, varicella, zoster/shingles, varicella, and hepati-
tis A), the strength of recommendation for the guidelines varied from a grade 1 strength of
recommendation to strong. Specific indications include all susceptible chronic haemodialy-
sis patients; pre-end-stage renal disease patients before they become dialysis dependent;
and a history of HCV infection (whether NAT-positive or not). The hepatitis B vaccine
requires booster doses, with a four-dose schedule (20 ug [1.0 mL doses]) administered in
one or two injections. Overall, for the rest of the vaccines, specific contraindications and
harms, vaccine administration, and storage details were not mentioned. A summary of the
above vaccine recommendations can be found in the Supplementary Materials (Table S10).

3.11. Stroke

For stroke, 3 out of 62 guidelines mentioned vaccine recommendations. These guide-
lines were from the United States and Canada. All three guidelines recommended the
influenza vaccine. The guidelines from the United States recommended that the vaccina-
tions be taken annually.

In terms of their strength of recommendation, one guideline had level B evidence
from randomized controlled trials, one was moderate, and one did not state a strength of
recommendation. Only one guideline mentioned specific indications, which was in patients
with pre-existing cardiovascular risk factors. Overall, specific contraindications and harms,
vaccine administration, and storage details were not mentioned. A summary of the above
vaccine recommendations can be found in the Supplementary Materials (Table S11).

4. Discussion

Detailed information about the vaccinations, including contraindications, route of
administration, dosage, and storage, is mostly missing in the guidelines to be discussed in
this section. This could be because many countries have national public health agencies that
consolidate this information. These include the Centers for Disease Control and Prevention
in the United States [16], and the Department of Health and Aged Care in Australia [17].

However, it should be noted that there is more information regarding the recom-
mended influenza vaccine. This could be due to the fact that influenza vaccines are well
established in terms of their development, mechanism of action, ingredients, and con-
traindications [18].

4.1. Discussion for Each Recommended Vaccine
4.1.1. Influenza Vaccine

In general, individuals with pre-existing diseases are at much higher risk of complica-
tions of influenza infections [19]. Influenza vaccines have been found to effectively decrease
mortality due to influenza infections among elderly patients [20].

The following is a discussion about the rationale behind recommending the influenza
vaccination to patients with the respective diseases.

Cardiac-Related Diseases

Influenza vaccination has evidently lowered the risk of cardiac and non-cardiac mor-
tality in elderly patients with ischaemic heart disease [21,22]. The influenza vaccine also
has evidently reduced the overall morbidity and mortality of diabetic patients and those
with hypertensive heart disease [21,23,24].

Patients with underlying atrial fibrillation have a worse prognosis with influenza
infection [25]. Influenza infection also increases the risk of haemorrhagic [26] and ischaemic
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stroke [27] in patients with atrial fibrillation. Therefore, the influenza vaccination is recom-
mended for its protective effects.

Respiratory-Related Diseases

Influenza infection is known to be associated with COPD exacerbations, stroke, res-
piratory failure and pneumonia in patients with COPD [28]. Influenza vaccination can
effectively reduce these events in COPD patients [29]. Similarly, in patients with asthma,
influenza vaccination effectively lowers the rate of asthma exacerbations requiring Accident
and Emergency department visits and /or hospitalisations, and influenza infections [30,31].

Gastrointestinal-Related Diseases

The efficacy of the influenza vaccine in patients with chronic liver disease is uncertain,
due to the lack of research studies with a substantial sample size [32,33]. However, since
influenza infection is known to cause the decompensation of liver cirrhosis and to increase
mortality [34], many still recommend the influenza vaccination for patients with liver
cirrhosis [35].

Cancer patients, such as those with colorectal and stomach cancer, especially those un-
dergoing or planning to undergo chemotherapy, are recommended for vaccination against
influenza. This is because influenza infection has been observed to delay chemotherapy [36],
and results in severe complications in these immunocompromised patients [37]. As such,
the influenza vaccine has been associated with lower mortality in cancer patients [38].

Other Diseases

In diabetic patients, influenza vaccination has been proven to reduce the overall
morbidity and mortality related to influenza infection and cardiovascular events [39,40].

The influenza vaccine has been found to lower the morbidity of CKD patients from
coronary heart disease [41], heart failure [42], and dementia [43], and even decreases the
incidence of lung cancer in patients with CKD [44].

Studies have also revealed that influenza vaccination reduces the risk of all types
of strokes, to a varying extent, regardless of the baseline risk of stroke [45], as influenza
infection has been suggested to precipitate stroke [46].

Vaccine Administration Details

Most guidelines did not specify which type of influenza vaccine is recommended. For
diabetes patients, specific types of influenza vaccines were recommended.

In guidelines written for diabetes, two guidelines specifically recommended the quadri-
valent influenza vaccine, which has been available in the developed nations since 2012.
Quadrivalent vaccines include an additional strain of influenza B virus compared to the
trivalent vaccines. It has been estimated that the quadrivalent influenza vaccine has higher
protective effects and higher cost-effectiveness than trivalent influenza vaccines [47,48].

Some guidelines for hypertensive heart disease and stomach cancer have specifically
recommended that the elderly be vaccinated in fall, because studies have shown that the
incidence of influenza infection peaks in winter [49].

For patients with colorectal cancer, it is recommended that influenza vaccination be
offered before chemotherapy for optimal protection during chemotherapy treatment, as
this treatment causes the patient to be in an immunocompromised state [50].

4.1.2. Pneumococcal Vaccine

Those with pre-existing medical conditions are immunocompromised and are at a
higher risk of contracting pneumococcal pneumonia and having complications. Pneumococ-
cus is also the most common cause of community-acquired pneumonia, demonstrating high
incidence rates of invasive pneumococcal disease among adults above the age of 65 [51].
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Cardiac-Related Diseases

In patients with cardiovascular disease with pneumococcal infections, the severity
and risk of complications is higher. Hypertensive heart disease and atrial fibrillation,
two of the cardiac conditions analyzed in this paper, are associated with a higher risk of
stroke, cardiovascular disease (such as ischaemic heart disease), and even cardiovascular
death [52,53]. Pneumococcal vaccinations have cardioprotective effects, reducing the risk
of myocardial infarctions and decreasing morbidity and mortality.

Respiratory-Related Diseases

COPD patients are more susceptible to respiratory infections due to the impaired
mucociliary clearance mechanisms and increased mucus production, which allow for in-
creased bacterial and viral attachment. Use of pneumococcal vaccinations in COPD patients
prevents exacerbations from respiratory tract infections, and is therefore recommended [54].
Guidelines for asthma were also analyzed in this study. Respiratory infections, especially
community-acquired pneumonia, are one of the main causes of asthma exacerbations [55].
Use of the pneumococcal vaccination among asthma patients has been documented to have
prompted a decrease in pneumococcal pneumonia-related hospitalizations [56].

Gastrointestinal-Related Diseases

Patients with severe liver disease have increased mortality and morbidity due to
S. pneumoniae infections. In a study conducted among 45 unimmunised patients with
end-stage liver disease who were vaccinated during liver transplantation evaluation, a
significant response to the 23-valent pneumococcal vaccine was observed [57]. As such,
the pneumococcal vaccine plays a critical role in the management of patients with chronic
liver disease.

The pneumococcal vaccine is also recommended for patients with stomach cancer.
Cancer patients are at higher risk of invasive pneumococcal disease (IPD) compared to the
general population, with immunocompromised cancer patients contributing to 17-37% of
all IPD cases [58].

The vaccine was also not recommended in the colorectal cancer guidelines. A study
conducted in Taiwan identified 120,605 elderly patients with colorectal cancer, and explored
the effectiveness of the pneumococcal vaccine in these patients. It found that the PPSV23
vaccine significantly reduced the rate of pneumonia hospitalization in elderly patients,
and that the pneumonia-free survival rate was significantly higher in vaccinated patients
compared to unvaccinated ones [59]. The lack of pneumococcal vaccine recommendations
in the guidelines could be due to the fact that only one guideline even mentioned vaccines.
A larger database of guidelines might yield better results.

Other Diseases

Patients with DM are at increased risk of acquiring pneumonia and invasive pneu-
mococcal disease. They are also six times more likely to be hospitalized, and three times
more likely to die from complications of influenza or pneumonia, than those in the general
population [60]. The use of pneumococcal vaccinations significantly lowers the risk of
morbidity and mortality.

The use of PPV-23 and PCV-13 is recommended in CKD patients. CKD patients have
decreased B and CD4+ lymphocytes, and are at high risk of infections. Streptococcus
pneumoniae is one of the main causes of community-acquired pneumonia in dialysis and
kidney transplant patients [61].

The pneumococcal vaccine was not mentioned in any of the stroke guidelines. This
could be due to the fact that many clinical studies report the vaccine having no effect on
stroke risk. A study conducted by Kaiser Permanente concluded that the pneumococ-
cal vaccine was not associated with reduced stroke risk. There were 5.30 stroke events
per 1000 vaccinated person years, and 1.90 per 1000 unvaccinated person years [62]. These
results were corroborated by another study based on data from the United Kingdom.
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The pneumococcal vaccine was found to have no significant effect on stroke or transient
ischaemic attack risk [63].

Vaccine Administration Details

Out of the 33 guidelines from different countries, among five diseases, only 9 guidelines
provided information about the type of pneumococcal vaccine recommended. Five guidelines
recommended both the PPV-23 and PCV-13 vaccines. Five guidelines recommended only
the PPV-23 vaccine. One guideline from the American Association of Clinical Endocrinology
recommended the PCV 15 and 20 vaccines as well.

In a study conducted among outpatients aged > 65 years with chronic respiratory
diseases in Shizuoka General Hospital, Japan, PPSV-23 was proven to be effective in
preventing pneumococcal pneumonia among the elderly. Out of 320 patients vaccinated
with PPSV-23, 1.88% developed pneumococcal pneumonia compared to 4.05% of the
3898 unvaccinated patients [64]. The effectiveness of the PPSV-23 vaccine explains why the
majority of guidelines recommend the PPV-23 vaccine.

The combined use of PPSV-23 and PCV-13 is also highly recommended by several
guidelines. A 2013 study involving 936 adults aged 70 years and older highlighted the limi-
tations of using PPSV23 alone, and suggested that it might be more effective to administer
PCV13 following initial vaccination with PPSV-23 [65]. The combination of PPSV-23 with
PCV-13 has been documented to produce a superior immune response to PPSV-23 alone,
which would allow for an overall reduction in the severity of pneumococcal pneumonia.

There are specific indications stated for chronic kidney disease. The pneumococcal vac-
cine is recommended for patients with eGFR <30 mL/min/1.73 m? (GFR categories G4-G5)
and those at high risk of pneumococcal infection (e.g., nephrotic syndrome, diabetes, or
those receiving immunosuppression). As CKD progresses, hospitalization rates and the
risk of pneumococcal infection increases. Therefore, patients with more severe CKD must
be protected against pneumococcal pneumonia [66].

As for the timing of the vaccine, the PPSV-23 vaccine is recommended for adminis-
tration at time of diagnosis, and a single revaccination within 5 years. The second dose of
PPSV-23 is recommended to be at least 5 years apart from the first dose. If the PSV-13 vaccine
is co-administered, it should be given first and followed at least 8 weeks later by the
PPSV-23 vaccine. The recommended interval between the PPSV-23 and PCV-13 vaccine is
extended up to 1 year or even 5 years in some guidelines. If the PCV-15 vaccine is used,
PPSV-23 should be administered at least 12 months after.

For stomach cancer, there are specific considerations involved in the timing of the
pneumococcal vaccine. It is recommended for administration at least 2 weeks prior to
initiation of anti-lymphoid cancer treatment or splenectomy, and to be repeated 5 years later
(this applies to both vaccines). However, according to a study conducted in three cancer
centres in Korea from March 2016 to March 2018, administering the vaccine on day 1 of
treatment in patients with gastric cancer is not inferior to administering the vaccine 2 weeks
prior [67]. The paper attributed the known timing of vaccine administration 2 weeks prior
to treatment to the lack of studies exploring the optimal timing required.

4.1.3. Hepatitis Vaccine
Gastrointestinal-Related Diseases

A possible reason that only four diseases had a recommendation for hepatitis vaccines
could be the increased susceptibility to hepatitis infections of patients who have these
diseases and are immunocompromised. Diabetes has emerged as a risk factor for increased
complications in patients with acute viral hepatitis [68]. The hepatitis B virus is one of the
major causes of chronic liver disease, and it can cause many extrahepatic complications and
manifestations, including renal failure and various nephropathies [69]. However, it has been
found that vaccination of haemodialysis patients with a combined hepatitis A and hepatitis
B vaccine results in increased seroprotection against the hepatitis B virus, compared to
the hepatitis B monovalent vaccine [70]. This explains the recommendation that both the
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hepatitis A and B vaccine be given together (instead of a hepatitis B monovalent vaccine) in
patients with chronic kidney disease.

Acute hepatitis A and B against the the background of chronic liver disease are associ-
ated with more severe liver disease and a higher fatality rate, thus explaining why hepatitis
A and B vaccinations are recommended for these patients [71]. A possible explanation for
India being the only country to recommend hepatitis vaccines for colon and rectal cancer is
that viral hepatitis is a major health challenge in India, and therefore the hepatitis vaccine
is recommended for various diseases, and not just specifically colon and rectal cancer [72].
This can be observed in a guideline from India that also recommends the hepatitis A vaccine
for patients with diabetes.

Cardiac-Related Diseases

Conversely, there are possible reasons as to why the other seven non-communicable
diseases did not recommend the hepatitis vaccine. There is research that suggests that hep-
atitis vaccines do not have an impact on decreasing the risk of ischaemic heart disease [73].
Additionally, there is also a report that mentions HBV infection being associated with a
lower risk of developing stroke; however, further research is required to confirm this [74].

Respiratory-Related Diseases and Other Diseases

For respiratory-related diseases and other diseases, at the time of writing, there are
no papers that provide strong evidence for contraindication to hepatitis vaccines or any
possible side effects in the elderly population.

Vaccine Administration Details

In terms of the details of hepatitis vaccine recommendations, all the guidelines for
cirrhosis and other chronic liver diseases do not state any strength of recommendation or
any details of vaccination, such as specific contraindication, harm, timing, route, dosage,
and storage. For the other three diseases, there is some information provided, but these
details are largely missing.

4.1.4. COVID-19 Vaccine

COVID-19 vaccination is recommended by some guidelines concerning COPD, di-
abetes, chronic liver disease and asthma, published in 2022. This is because patients
with COPD, asthma, diabetes, and liver cirrhosis are at higher risk of severe COVID-19
infection [75-77].

4.1.5. Varicella Zoster Vaccine

Studies have shown that patients with COPD, diabetes, chronic kidney disease, chronic
liver disease, and stomach cancer are at higher risk of zoster infection [78]. This is partic-
ularly pertinent for patients with diabetes and/or renal diseases, as they have a 1.8- to
8.4-fold higher risk of zoster infections than patients with other underlying diseases [79].
There is a much lower risk of zoster reactivation, relative to other infections such as pneu-
mococcus and hepatitis infections, in patients with chronic liver disease [80]. Varicella
zoster vaccination is recommended for gastric lymphoma patients. Although no reasoning
can be found specifically for gastric lymphoma patients, varicella zoster vaccines have been
found to be immunogenic in patients with solid organ tumours, with no significant safety
concerns [81].

4.1.6. Tdap Vaccine

Although we vaccinate children with Tdap vaccines, the seroprevalence of diphtheria,
tetanus, and pertussis is low in the elderly [82]. Tdap vaccines and their boosters are rec-
ommended in the guidelines written for COPD, diabetes, chronic kidney disease, chronic
liver disease, and stomach cancer. A relatively significant percentage of elderly people
with severe pertussis infections in United States from 2011-2015 were found to have under-
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lying diseases such as diabetes and renal dysfunction, suggesting a correlation between
these diseases and the development of severe pertussis infection [83]. COPD and asthma
also evidently increase the risk of severe pertussis infection; pertussis infection, similarly,
exacerbates asthma and COPD [84]. This explains why Tdap vaccines are recommended
for patients with these diseases; surprisingly, Tdap vaccination is not recommended in
the guidelines written for asthma. There is limited knowledge on the efficacy of Tdap in
patients with chronic liver disease and/or cirrhosis [32]. On the other hand, poor efficacy in
elderly has been reported for vaccinations against diphtheria and tetanus [85-87]. Limited
studies have evaluated the efficacy of tetanus vaccine in protecting patients with stomach
cancers from Clostridium tetani, and instead, more studies are exploring the therapeutic
effects of tetanus toxoid in treating stomach cancers [88].

4.1.7. MMR and Varicella Vaccine

There are mixed opinions regarding re-vaccinating elderly people with these childhood
vaccines for protection against vaccine-preventable diseases. Some believe that since the
immunity of the elderly has waned over the years, re-vaccinating therefore protects them,
but there is a lack of evidence for this [89]. With the recent resurgence of measles infections,
there is the potential of the benefits outweighing the risks of re-vaccinating the elderly [90].

The MMR vaccine is also recommended for patients with colorectal cancer who are no
longer immunocompromised. It has been found that the seroprevalence of measles and
mumps antibodies is low among cancer patients, meaning their risk of measles and mumps
infection is increased during community outbreaks [91].

4.1.8. HPV Vaccine

It has been found that patients with diabetes have more extensive infections and
higher chances of the recurrence of genital warts, which are caused by HPV [92]. The HPV
vaccine has been shown to be effective in reducing the incidence of genital warts secondary
to HPV [93]. Limited studies have been carried out, showing mixed results concerning the
efficacy of the HPV vaccine in patients with chronic liver disease [94].

4.1.9. Meningococcal Vaccine

Gastric lymphoma patients that are undergoing or have undergone splenectomy are
at a higher risk of infection with encapsulated organisms, and as such, they should be
vaccinated against these bacteria every five years [95].

4.1.10. Poliovirus Vaccine

It has been found that unless the patients with gastric lymphoma have a low antibody
titre or have undergone hematopoietic stem cell transplantation, revaccination with the
polio vaccine is not absolutely necessary [96].

4.1.11. Yellow Fever Vaccine

Yellow fever vaccination is recommended by one of the guidelines written for colon and
rectal cancer. However, no clear evidence has been found to substantiate this recommendation.

4.2. Strengths and Limitations

This study has several strengths, including disease identification and focusing on the
age group of 75 and above.

The diseases to be referenced were selected from the Global Burden of Disease Study
2019. This study collects data about “premature death and disability from more than
350 diseases and injuries in 195 countries”. The large sample size and its extensiveness
across different countries makes this study more reliable and representative of the world
population. Composite indicators such as incidence, prevalence, mortality, years of life
lost (YLLs), years lived with disability (YLDs), and disability-adjusted life years (DALYs)
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are used to assess disease burden. These allow for quantifiable measures to compare the
burden of various diseases.

The focus on the older age group is a great strength of this study. Vaccination guide-
lines vary across different age groups, especially between children and adults. Each country
follows its childhood immunization schedule based on the WHO position paper on routine
immunizations for children. The vaccination guideline recommendations for children are
more established and adhered to than those for adults. With decreasing vaccination compli-
ance and increasing prevalence of diseases causing mortality and morbidity among older
persons, narrowing the focus to older persons allows for this study to be more valuable in
advising healthcare policies and practices.

One limitation of this study is the use of UpToDate to identify the guidelines to
be examined. Although UpToDate is a resource accredited and recognized by experts
and institutions around the world, there might be selection bias in the information and
guidelines chosen to be listed on it. Only guidelines from selected countries, including the
United States, Europe, Canada, United Kingdom, Australia—-New Zealand, Japan, etc., were
listed. This is not an accurate representation of the global population, and the compiled
vaccination guidelines may not be applicable to every country.

Another limitation is the exclusion of non-English guidelines due to language issues.
Many papers from Asian countries such as Japan were in the authors’ native language,
and the information in the guidelines could therefore not be examined. This resulted in
guidelines applicable to the Asian population being less represented in this study.

4.3. Clinical Implications and Future Directions

The current guidelines for older adults do not commonly suggest vaccination for
certain conditions. For those that do, the recommendations often lack information on
potential negative effects and the proper administration of the vaccine.

This may be because there is not enough evidence to support the guidelines; the
guidelines may also need to include vaccination guidance more frequently, and provide
more specific information.

A possible strategy to combat this is to collaborate with international organizations,
such as the World Health Organization (WHO) or the Centers for Disease Control and
Prevention (CDC), to share information, insights, and best practices. International collab-
oration can help fill information gaps and ensure standardisation in vaccine guidelines
worldwide. Additionally, more time and resources should be allocated to conducting
thorough scientific research on vaccines. This will involve working with reputable sources,
such as scientific journals, public health organizations, and regulatory bodies, to gather
as much information as possible about a given vaccine’s potential negative effects and
proper administration.

As a result, our work aims to encourage further research into vaccination for older
adults, and to push for guidelines to provide more comprehensive recommendations.
However, it is important to study whether these guideline improvements would ultimately
lead to better clinical outcomes.

5. Conclusions

To conclude, vaccines still remain the most cost-effective health intervention, especially
amongst vulnerable populations such as the elderly. Through our thorough review of
guidelines for vaccination in adults 75 years old and above, we have identified many gaps
that could potentially be filled and looked into by our global health system. Filling said
gaps may potentially improve elderly people’s quality of life, and reduce their disability-
adjusted life years. Future studies should now follow up and review these guidelines, as
more guidance is being put in place, including non-English guidelines.
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Abstract: Patients with autoimmune diseases are among the susceptible groups to COVID-19 infection
because of the complexity of their conditions and the side effects of the immunosuppressive drugs
used to treat them. They might show impaired immunogenicity to COVID-19 vaccines and have a
higher risk of developing COVID-19. Using a systematic review and meta-analysis, this research
sought to summarize the evidence on COVID-19 vaccine efficacy, immunogenicity, and safety in
patients with autoimmune diseases following predefined eligibility criteria. Research articles were
obtained from an initial search up to 26 September 2022 from PubMed, Embase, EBSCOhost, ProQuest,
MedRxiv, bioRxiv, SSRN, EuroPMC, and the Cochrane Center of Randomized Controlled Trials
(CCRCT). Of 76 eligible studies obtained, 29, 54, and 38 studies were included in systematic reviews
of efficacy, immunogenicity, and safety, respectively, and 6, 18, and 4 studies were included in meta-
analyses for efficacy, immunogenicity, and safety, respectively. From the meta-analyses, patients with
autoimmune diseases showed more frequent breakthrough COVID-19 infections and lower total
antibody (TAD) titers, IgG seroconversion, and neutralizing antibodies after inactivated COVID-19
vaccination compared with healthy controls. They also had more local and systemic adverse events
after the first dose of inactivated vaccination compared with healthy controls. After COVID-19
mRNA vaccination, patients with autoimmune diseases had lower TAb titers and IgG seroconversion
compared with healthy controls.

Keywords: autoimmune; efficacy; immunogenicity; safety; vaccine; COVID-19

1. Introduction

As of 26 December 2022, there were more than 651 million cases of COVID and more
than 6 million deaths reported worldwide [1]. It is important to understand that certain
groups in the population are higher-risk groups who are more susceptible to severe COVID-
19 infection. These groups consist of people who have comorbidities, such as cancer, chronic
kidney disease, underlying lung disorders, diabetes, dementia, cardiac issues, HIV, other
immunocompromised conditions, neurological diseases, and pregnancy [2].
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One of these susceptible groups is people with autoimmune diseases because of the
complexity of these conditions and the mechanisms underlying the therapeutic effects of
the drugs used to treat them. Medications play a pivotal role in significantly improving the
disease course and outcomes of autoimmune patients. However, the primary disadvantage
of these medications is the immunosuppressive effect they have, which can enhance the risk
of infections. Therefore, there is an emerging demand to prioritize COVID-19 vaccination
for people with autoimmune conditions, as this prevents severe disease outcomes [3,4].

Vaccination is an effort to suppress the case numbers and severity of COVID-19
infections [5,6]. It has been established that vaccines can induce humoral and/or cellular
immune responses to build protection against various infectious diseases, which is an
ability also known as immunogenicity [5,7]. Not only does COVID-19 vaccination protect
healthy individuals from getting infected, it also prevents those who are infected from
getting severely ill, or even dying, from COVID-19 [5-7]. As of 26 December 2022, 13 billion
doses of COVID 19 vaccine had been administered worldwide [1].

An additional cause of concern is that patients with systemic autoimmune diseases
might show impaired immunogenicity to COVID-19 vaccines. These patients can have a
higher risk of developing COVID-19 [8]. Besides the issue of decreased vaccine efficacy
due to the use of immunosuppressive drugs, the safety of the COVID-19 vaccine is also a
concern among these patients [9,10]. Certain vaccine antigens and their adjuvants, such as
aluminum salts (alum), have been claimed to induce autoimmunity in numerous studies.
Adjuvants are usually needed in inactivated and recombinant protein vaccines to boost the
immunogenicity induced by the antigen [4]. Patients with autoimmune diseases are more
susceptible to vaccination-induced autoimmune/autoinflammatory syndrome induced
by adjuvants (ASIA) [11]. SARS-CoV-2 amino acid sequences cross-react with human cell
sequences [12]. The antibody to the S1 spike protein of SARS-CoV-2 has a high affinity for
transglutaminase 3 protein, transglutaminase 2 protein, anti-extractable nuclear antigen,
nuclear antigen, and myelin basic protein [13]. Despite the evidence, this claim should be
interpreted cautiously, as the temporal relationship between the vaccine and autoimmune
events is still unclear [4]. There is also evidence that non-live vaccines, including those
for influenza and pneumococcal virus, do not cause exacerbation of previously diagnosed
autoimmune conditions [3,6].

In the third-phase clinical trial of ChAdOx1 nCoV-19 (AstraZeneca), a simian adenovirus-
vectored vaccine, there was one case of transverse myelitis reported 14 days after vacci-
nation [14]. A cohort study from the health registry in Denmark and Norway showed an
increase in venous thromboembolism cases, including cerebral venous thrombosis, 28 days
after ChAdOx1 nCoV-19, and a slight increase in thrombocytopenia and bleeding cases [15].
Another study reported 39 patients with thrombocytopenia and thrombosis 5-24 days after
vaccination with ChAdOx1 nCoV-19. These patients were diagnosed with vaccine-induced
thrombotic thrombocytopenia (VITT) or thrombosis with thrombocytopenia syndrome
(TTS), which were suspected to be caused by platelets activating antibodies to platelet
factor 4 [16-18]. Brill et al. reported autoimmune hepatitis 6 days after administration of
the Pfizer-BioNTech COVID-19 vaccine in a 35-year-old woman. This case report could not
conclude whether this was a causal relationship or only coincidence [19]. There were also
reports of thrombocytopenia post the mRNA vaccine, which were diagnosed as secondary
immune thrombocytopenia (ITP), but again, it could not be determined whether this was a
coincidence or vaccine-induced ITP [20].

Despite COVID-19 vaccination being recommended, the efficacy, immunogenicity, and
safety of COVID-19 vaccination in people with autoimmune diseases have not been dis-
cussed much. In addition, patients with autoimmune conditions and/or people taking im-
munosuppressants were excluded from clinical trials of approved COVID-19 vaccines [4,21].
Therefore, this systematic review aims to summarize the evidence on COVID-19 vaccine
efficacy, immunogenicity, and safety in autoimmune patients.
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2. Materials and Methods

The protocol for this study has been registered in PROSPERO with the registration
number CRD42022337621. This study was conducted in accordance with the Preferred
Reporting Items of the Systematic Review and Meta-Analysis (PRISMA) checklist [22].

2.1. Eligibility Criteria

The specific inclusion criteria for the systematic review and meta-analysis were as fol-
lows: (1) all randomized controlled trials (RCTs), non-randomized studies of interventions,
cohort studies, case—control studies, and cross-sectional studies; (2) studies with autoim-
mune patients as the population (with the autoimmune condition existing prior to the
intervention); (3) COVID-19 vaccination as the intervention; (4) efficacy, immunogenicity or
safety as outcomes; and (5) publication in English. The exclusion criteria were as follows:
(1) full text or data that cannot be accessed even though the corresponding author has been
contacted.

2.2. Information Sources and Search Strategy

We included all articles on patients with autoimmune diseases published in English
from 2020 to 2022. Electronic databases were searched using PubMed, Embase, EBSCOhost,
ProQuest, MedRxiv, bioRxiv, SSRN, EuroPMC, and the Cochrane Center of Randomized
Controlled Trials (CCRCT) from 6-26 September 2022 for studies evaluating the response to
SARS-CoV-2 vaccines using a combination of keywords and medical subject headings. The
keywords utilized were “autoimmune”; “vaccine” or “immunization” or “vaccination”;
“COVID-19”; “efficacy”; “immunogenicity”; and “safety” or “adverse event” or “adverse
effect”, along with their synonyms and related terms incorporated by the appropriate
Boolean operators. The detailed search strategy for articles is available in the Supplementary
Materials (Table S1).

2.3. Data Extraction

Records were checked for duplicates using Zotero 6.0.19. Two independent researchers
screened the literature search and assessed each study for inclusion by reading titles, ab-
stracts, and full texts. Different opinions during data extraction were resolved by discussion
and the inclusion of a study was decided by the two researchers. Relevant data were ob-
tained from each eligible study by using an extraction sheet, which was prepared and
approved by all the reviewers by reaching a consensus after screening for the eligible stud-
ies. Relevant data that were collected included study characteristics (authors, year, country,
research setting, study design, study duration, sample size); participant characteristics
(autoimmune diagnosis, age, sex, comorbidities); intervention (COVID-19 vaccine plat-
form) and comparison; and outcomes (efficacy, immunogenicity, safety). Two independent
researchers collected the data from each research article. The corresponding authors were
contacted to obtain any information that was not explicitly available.

2.4. Outcome Measures

All studies describing the efficacy, immunogenicity, or safety of the COVID-19 vac-
cine in autoimmune patients were evaluated. The main outcomes were (1) breakthrough
COVID-19 events, severity of infection, hospitalization, and mortality as markers of efficacy;
(2) neutralizing antibodies, antibody titers, and seroconversion as markers of immuno-
genicity; and (3) flares or autoimmune relapses, local reactions, systemic reactions, and
other adverse events as markers of safety.

The pooled efficacy, immunogenicity, and safety data after primary or booster doses
of COVID-19 vaccine were evaluated. Efficacy was measured by the number of COVID-
19 breakthrough infections, severity of COVID-19 infections, and hospitalizations and
mortality related to COVID-19 infection. A COVID-19 breakthrough infection was defined
as an infection after receiving the vaccination. Severity was defined by one of three levels
of COVID-19 infection after vaccination: mild, moderate, or severe. Hospitalization was
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defined as the number of people who were taken to hospital as a result of COVID-19
infection. Mortality was defined as the number of people who died as a result of COVID-19
infection. Immunogenicity was defined as the ability of COVID-19 vaccines to stimulate an
immune response, which was measured by the proportions of subjects with seroconversion
(based on total IgG, as measured by ELISA) and with neutralizing antibodies (based on a
plaque reduction neutralization test (PRNT) or surrogate virus neutralization test (sVNT),
total IgG antibody titers (following WHO guidelines on translating results from different
ELISA manufacturers into standardized binding antibody units (BAU)/mL) [23], and
neutralizing activity (based on PRNT or sVNT, calculated as (1-OD value of sample/OD
value of control) x 100%). Antibody titers were log-transformed prior to standardized mean
difference (SMD) calculation. Where applicable, PRNT5 titer was correlated with sVNT
inhibition capacity [24], mean and standard deviation (SD) were estimated from median
and interquartile range (IQR) [25], SDs were estimated from 95% confidence interval, and
means and SDs were aggregated from multiple subgroups. Safety was measured by the
number of autoimmune relapses, local symptoms (pain, erythema, bruising, etc.), systemic
symptoms (fever, joint pain, flu like symptoms, fatigue, headache, muscle pain), and other
adverse events occurring after receipt of a dose of COVID-19 vaccine.

2.5. Risk of Bias Evaluation

Risk-of-bias and quality-of-study evaluations were carried out by two independent
researchers. The Risk of Bias (RoB) and Risk of Bias in Nonrandomized Studies of In-
terventions (ROBINS-I) tools were used for randomized controlled trials (RCT) and non-
randomized studies of interventions, respectively [26]. Cross-sectional and case-series
studies were assessed using the Newcastle-Ottawa Quality Assessment Scales and The Na-
tional Institutes of Health (NIH) quality assessment tool, respectively [27,28]. The certainty
of evidence for the primary outcomes was evaluated using the Grades of Recommenda-
tion, Assessment, Development, and Evaluation (GRADE) system in eight domains: risk
of bias, inconsistency, indirectness, imprecision, publication bias, large effects, plausible
confounding, and dose-response gradient [26].

2.6. Data Synthesis

All outcomes were analyzed using Microsoft Excel and RevMan version 5.4 issued
by Cochrane. Outcomes were reported as risk ratios for categorical data and standardized
mean differences for numerical data, each with a confidence interval. Risk ratio was used
to compare the risks of outcomes measured among patients with autoimmune diseases
to healthy controls, while standardized mean difference was used to assess and pool
continuous data, which was measured in a variety of ways. For analyzing continuous
data conversion, guidelines from the Cochrane book were applied [28]. Heterogeneity was
assessed using Higgins I> and considered significant at 1> > 60% [28]. For significantly
heterogeneous data, subgroup analysis was performed. Fixed-effects models were used for
data with no substantial heterogeneity or which was considered homogeneous, whereas
random effect models were used when there was significant heterogeneity. Data was
displayed as a forest plot for meta-analysis.

3. Results

Our search retrieved 1054 records, of which 833 were duplicates and were excluded.
The titles and abstracts of the remaining 221 published articles were screened, and 188
were assessed for eligibility via full-text evaluation. One hundred and twelve records
did not meet the inclusion criteria after this full-text review, and were excluded. As a
result, 76 full-text articles were selected for systematic review. Subsequently, 20 full-text
articles were selected for meta-analysis, with 6, 18, and 4 articles included for efficacy,
immunogenicity, and safety, respectively. The study flow chart is presented in Figure 1.
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1054 reports identified through a database search up until 22 September 2022:
Pubmed: n = 197; Embase: n = 100; EbscoHost: n = 66; ProQuest: n = 23; MedRxiv: n = 282; bioRxiv: n = 286; SSRN: n =1; EuroPMC: n =
29; CCRT: n=70
> I 833 duplicates removed
A4
221 reports screened 33 reports excluded based on titles and abstracts
11 Clinical trial registrations
1 Non-English publication
- 8 systematic reviews
g 6 not using COVID-19 vaccines
1 clinical protocol
1 non-autoimmune patient
r 4 duplicate articles
188 reports assessed for eligibility 1 autoimmune patient that was not the main population
112 reports excluded based on full text reading
>
" 74 studies in which the main population was not autoimmune
v patients and individual or subgorup data could not be
76 studies assessed for qualitative analysis obtained.
(efficacy: 29; immunogenicity: 54; safety: 38) 15 were not COVID-19 vaccine studies
10 had no response from the contacted author
7 had autoimmune events as the outcome
2 review articles
1 pre-study
1 animal testing study
1 background analysis
1 systematic review
56 not eligible for meta-analysis
44 were not comparing patients with autoimmune disease and
. healthy controls
- 10 had published data that cannot be included in meta-analysis
(different parameter or way of reporting)
2 were studies on third dose COVID-19 vaccination and
comparing different outcomes
Y

20 studies assessed for quantitative analysis

(efficacy: 6, immunogenicity: 18; safety: 4)

Figure 1. PRISMA flow chart.

3.1. Study Characteristics

Seventy-six studies were included in the qualitative analysis (Table S2). Ten studies
were conducted in Israel [29-38], one study in Denmark [39], eight studies in Italy [8,40—46],
three studies in the USA [47—49], nine studies in Germany [50-58], one study in New
Zealand [59], three studies in Austria [60-62], four studies in Spain [63-66], one study in
Japan [67], one study in France [68], one study in Romania [69], one study in Peru [70],
one study in Canada [71], six studies in Brazil [72-77], two studies in China [78,79], three
studies in Thailand [80-82], one study in Chile [83], five studies in India [84-88], one
study in Greece [89], one study in Turkey [90], four studies in the UK [91-94], one study
in Korea [95], one study in Taiwan [96], two studies in Netherlands [97,98], one study in
Switzerland [85], one study in Hungary [99], and one study in the USA and UK [100].
The types of investigated studies encompassed single-blinded [73,96], observer-blinded
randomized [31], and non-randomized [8,29,30,32-72,74-95,97-103] studies. A total of
160,447 participants were involved. All studies concerned adult participants (the majority
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of participants were >18 years of age), and only one study also involved pediatric par-
ticipants [91]. Sixty-six studies included participants who had only had a primary dose
vaccine [8,29,30,35-39,41,43-80,82-93,97-103], whereas in ten studies participants had had
a booster dose vaccine [31-34,40,42,81,94-96].

The studies in our qualitative analysis were divided into six categories based on
the type of vaccine: studies on mRNA vaccines including Pfizer/BioNTech (BNT162b2)
and Moderna (nRNA-1273); studies on inactivated virus vaccines including CoronaVac,
Covaxin (BBV152), and Sinopharm (BBIBP-CorV); studies on adenovirus vector vaccines
including Vaxzevria (ChAdOx1), Janssen (Ad26.COV2.S), Sputnik V (Gam-COVID-Vac),
and AstraZeneca (AZD1222); studies on mRNA vaccines and adenovirus vector vaccines;
studies on inactivated virus and adenovirus vector vaccines; and studies on mRINA vaccines,
inactivated virus vaccines, and adenovirus vector vaccines.

In terms of autoimmune diagnosis, studies included adult-onset Still’s disease [57,
61,89,95], antiphospholipid syndrome [33,47,69,72,74,75,88,89,94,96,102], autoimmune en-
cephalitis [40,52,60], autoimmune hepatitis [44,56,69,90,97,101], autoimmune thyroid [69,
96], IgG-4-related diseases [47,69,92,94], interstitial lung disease and systemic autoimmune
disease/immune pulmonary disease [49,69], inflammatory bowel disease [47,50,62,69,71,91,
97], inflammatory myopathies/systemic autoimmune myopathy [33,35,36,61,63,69,72,74—
77,101], immune-mediated thrombocytopenic purpura/immune-mediated thrombotic
thrombocytopenic purpura (ITP/iTTP) [32,42,96], juvenile idiopathic arthritis [57,83,88,89,
94,98], mixed /undifferentiated connective tissue disease/connective tissue disease [44,47,
50,55,57,61,69,86-89,94,98,103], multiple sclerosis [29-31,34,47,50,52-54,60,64,67,69,97 98],
myasthenia gravis syndrome [52,60,69,97], neuromyelitis optica spectrum disorder [47,
52,60,66,97], primary biliary cholangitis [56,69,97,101], psoriasis [50,69,71,80,97], psori-
atic arthritis [33,35,50,57,69,71,72,74,75,83,88,94,98,99], rheumatoid arthritis (RA) [33,35,36,
39,43,44,47,50,57,58,63,65,72-75,78,82-84,86-89,93-99,101,103], systemic lupus erythemato-
sus (SLE) [33,35,36,39,44,45,47,50,57,61,65,66,68-70,72,74,75,77,78,81,82,84,86-89,92-99,101-
103], sarcoidosis [50,61,88,94,98], spondiloarthritis /spondyloarthropathy [33,35,44,47 49,
50,57,69,71,72,74,75,84,86-89,94-99,101,103], sclerosing cholangitis [56,97], Sjogren syn-
drome/sicca syndrome [33,47,61,65,69,71,74,75,78,88,89,94,96,98,99], systemic sclerosis [33,
44,61,63,65,69,72,74,75,86-89,94,98,99,101,103], and vasculitides/vasculitis [33,35,36,44,47,
50,55,57,58,61,66,69,72,74,75,86-89,92-95,97-99,103].

Autoimmune medications given to the patients included alemtuzumab [29,34,48,66],
abatacept [8,33,35,39,47,57,58,63,72-75,94,98], anti-CD20/-B cell depleting therapy [8,29,
32-35,37,39-41,43,45,47-49,52-55,57,60,62-66,72,74,75,87,89,92,94,96-98,103], antimalarials
including hydroxychloroquine (HCQ) and chloroquine [8,37,39,41,44,45,47,50,55,61,63,
65,68-70,72,75,77,81-84,87-90,93-96,98,99,103], apremilast [94,103], azathioprine [8,33,39—
41,44,45,47 50,52,56-58,60,63,65,68-72,74-76,80-82,84,85,87-90,92,94,95,98,99,101,103], beli-
mumab [8,39,41,44,45,47,50,57,61,65,68,72,74,75,77,89,92,94,95,99], calcineurin inhibitor [33,
41,77,95], caplacizumab [42], certolizumab [50,83,101], cladibrine [29,30,34,48,52,66], colch-
icine [33,89,94,103], corticosteroids [32,33,35-37,39-42,44,45,47,49,50,52,55-58,60,62—64,68—
70,72,73,75-77,80-84,86-94,96,98-101,103], cyclophosphamide (CYP) [45,62-64,72,74-77,87,
89,92,95], cyclosporine (CYC) [45,72,74-76,80-83,85,88,89,94,98], denosumab [94], DMF [29,
34,48,52,53,66], eculizumab [94], everolimus [85], fampridine [98], fingolimod [29-31,34,
47,52,53,64,98], glatiramer acetate (GA) [29,34,48,52,53,64,98], ibrutinib [47,100], igura-
timod [88], IL-1 inhibitor [89,94], IL-6 inhibitor [8,33,35,37,39,40,44,45,47,50,57,60,61,63,
65,72,74,75,83,85,89,94,95,99,101], IL-17 inhibitor [33,35,44,51,57,71,72,74,75,80,83,89,94,98,
99,101], IL-12/23 inhibitor [33,47,71,89,99], IL-23 inhibitor [47,71,99], B interferons [29,
34,48,52,54,66,98], intravenous immunoglobulin (IVIG) [29,32,34,36,52,71,100], Janus ki-
nase (JAK) inhibitor [8,33,35,39,57,58,62,88,89,94,95,99,101], leflunomide [8,36,39,45,47,50,
58,63,69,70,72-77,82-84,87-89,93-95,98,99,103], lenalidomide [87,99], mepolizumab [99],
methotrexate [8,33,35,36,39,41,43,44,47,57,58,61,63,65,68-77,80,82-84,87-90,92-99,101,103],
mycophenolate mofetil [8,33,35-37,39-41,43-45,47,49,56,57,60,61,63,65,68-70,72,74-77,80—
85,87-90,92,94,95,97,100,101,103], natalizumab [29,34,48,52,53,66,98], nintedanib [49], ocre-
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lizumab (OCR) [29,30,34,48,52,60], ofatumumab [48], olumiant [61], omalizumab [80], pem-
brolizumab [99], plasmapheresis (PLEX) [42,52,64], sphingosine-1-phosphate receptor mod-
ulators (S1PRM) [48,66,97], salazopyrin [39], sulfasalazine [8,44,47,51,58,63,69,72,75,83,84,
87,93-98,98,103], tacrolimus [45,61,72,74,75,81-83,85,87,92,94,103], teriflunomide [29,34,48,
52,53,66], thalidomide [89,94], tumor necrosis factor alpha inhibitor (TNFi) [8,33,35,39,44,45,
47,50,51,57,58,62,63,65,71,72,74,83,87,89,91,94,95,97-99,101,103], tofacitinib [37,47,72,74,75,
87,103], upadacitinib [37,47], ustekinumab [50,72,74,75,98], and vedolizumab [47,50,91,92].

3.2. Quality of Assessment

Graphical representation of the studies’ quality is illustrated in the Supplementary
Materials (Figure S1A-D). Risks of bias in the three RCTs were low; twenty-one non-
randomized studies were low-risk, thirty-seven non-randomized studies were moderate-
risk, and seven non-randomized studies had serious risk; four case-series studies were
defined as good; and four cross-sectional studies were considered fair.

3.3. Qualitative Analysis
3.3.1. Efficacy

In the mRNA vaccine studies group, efficacy after primary vaccination was reported
as breakthrough COVID-19 infections [29,35,41,49,63,101], hospitalizations [49,63], and
deaths [29,35,49,63]. Efficacy after booster vaccination was also reported as breakthrough
COVID-19 infections [33,34] and hospitalizations and deaths [33]. In the inactivated virus
vaccine studies, six studies reported breakthrough COVID-19 infections after primary
vaccination as outcomes [72,75-77,80,83], two studies reported hospitalizations [76,77],
and only one study reported death [77]. One study on adenovirus vector vaccines re-
ported breakthrough infections [87]. In the mRNA vaccine and adenovirus vector vac-
cine studies, efficacy after primary vaccination was reported as breakthrough COVID-19
infections [45,69,97,98], hospitalizations [95,97], and deaths [100]. Efficacy after booster vac-
cination was reported as breakthrough COVID-19 infections, hospitalizations, deaths [89],
and hospitalizations or deaths due to breakthrough infections [90]. In the inactivated
virus vaccine and adenovirus vaccine studies, one study reported breakthrough COVID-19
infections after primary vaccination [103]. In the mRNA vaccine, inactivated virus vaccine,
and adenovirus vector vaccine studies, efficacy was reported as breakthrough COVID-19
infections and hospitalizations after primary vaccination [88,94]. Breakthrough COVID-19
infections and deaths after booster vaccination were reported in only one study [94].

mRNA vaccination, either primary or booster, has been found to have a protective
effect on breakthrough infections where the risk of getting infections after vaccination is
lower compared with the unvaccinated group [33]. According to Bieber et al., patients with
autoimmune rheumatic disease who received a third booster of mRNA vaccination had
lower SARS-CoV-2 infection rates [33]. However, Kim et al. observed both patients and
healthy controls to have SARS-CoV-2 omicron breakthrough infections after a third dose of
vaccination [95]. Mena-Vazquez et al. also reported that patients who were not infected
with SARS-CoV-2 received vaccinations more frequently. Moreover, COVID-19-infected
patients took rituximab and glucocorticoids more frequently [63].

Symptomatic breakthrough COVID-19 infections among patients and in a healthy
control group were reported in two studies after the participants had had a primary inacti-
vated COVID-19 vaccination [76,77], although only one patient required hospitalization
and no patients died [77]. Non-severe infections were reported after a mean period of
fourteen weeks from full vaccination, where half of the infected participants were patients
with negative total anti-SARS-CoV-2 IgG antibodies and neutralizing antibodies [83].

Studies in which autoimmune patients received an mRNA or adenovirus vector
vaccine reported a higher hospitalization rate in the unvaccinated group compared with the
vaccinated group, as well as a higher rate of severe COVID-19 cases, which appeared less
frequently in third-dose-vaccinated patients than in second-dose-vaccinated patients and
an unvaccinated group [89]. Breakthrough infections were also more frequent in patients
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on strongly impairing immunosuppressants, including anti-CD20 combination therapy,
sphingosine 1-phosphate modulators, and mycophenolate mofetil therapy, as opposed to
patients on other immunosuppressants [97].

According to the results from a study on inactivated and adenovirus vaccines, the
strongest predictor of breakthrough infections is the absence of an antibody response.
Vaccine platform and mycophenolate mofetil were found to be the other breakthrough
infection predictors [103]. Patients with autoimmune disease receiving Covaxin showed
higher rates of breakthrough infection than those receiving the AstraZeneca vaccine [103].
Another result from a study on adenovirus vector vaccines reported that there was no
significant difference in the frequency of breakthrough infections between patients who
received a second dose of vaccine after 4-6 weeks versus 10-14 weeks [87]. Furthermore,
results from a study reporting on autoimmune patients given mRNA, inactivated virus,
or adenovirus vector vaccines showed no breakthrough infections in patients vaccinated
with mRNA. Meanwhile, inactivated-virus-vaccinated patients had a higher percentage of
breakthrough infections after full vaccination than adenovirus-vector-vaccinated patients,
although the difference was not significant [88].

3.3.2. Immunogenicity

There were 54 studies reporting immunogenicity: 27 studies on mRNA vaccines
(13 studies on Pfizer/BioNTech [30,31,34,36,38,39,43,46,54,59,61,67,68], 1 study on Mod-
erna [101], and 13 studies on Pfizer /BioNTech or Moderna [8,35,41,44,47,50-53,60,62,65,71]);
9 studies on inactivated virus vaccines using CoronaVac [72-77,79,80,83]; 2 studies on ade-
novirus vector vaccines [84,87]; 12 studies on mRNA and adenovirus vector vaccines
(5 studies on Pfizer/BioNTech, Moderna, Vaxzevria, or Janssen [55,57,66,95,98], 2 stud-
ies on Pfizer/BioNTech, Moderna, or Vaxzevria [56,58], 3 studies on Pfizer/BioNTech or
Vaxzevria [91-93], 1 study on Moderna or Vaxzevria [96], and 1 study on Pfizer/BioNTech
(BNT162b2), Moderna (mRNA-1273), or Janssen (Ad26.COV2.5)) [85]; 1 study on inactivated
virus vaccines and adenovirus vector vaccines using Covaxin or AstraZeneca [103]; 3 studies
on mRNA vaccines, inactivated vaccines, and adenovirus vector vaccines using Pfizer, Coron-
avac, or Vaxzevria [81], Pfizer, Coronavac, Sinopharm or Vaxzevria [82], and Pfizer, Moderna,
Sinopharm, Sputnik, and AstraZeneca [99]. Immunogenicity was determined by measur-
ing antibody titers [8,30,31,34-36,38,39,41,43,46,47,50-54,56—62,65-68,75,76,80-85,87,92,93,96,
98,99,101,103], seroconversion [8,30,31,35,36,39,41,43,44,46,47,52-57,60,61,65,66,71-77,80,82,84,
92,95,97-99,101], neutralization antibodies [38,41,47,50,51,53,54,58,62,68,72-77,80,81,83,84,95,
99,101,103], T-cell response [41,43,46,53-57,60,62,65,66,68,71,81-83,91,95,99,101], lymphocyte
count [31,93], IgA titer [38,50,58,85,93], IgG avidity [51,54], B-cell counts [43,49,53,56-58,93],
T-cell counts [55,58,62,93], and IgM titer [93].

Patients with autoimmune diseases who received CoronaVac had neutralizing an-
tibodies and neutralizing activity lower than in the control group [72,74,75] as well as
lower seroconversion [74,75]. Factors associated with poor immunogenicity were older age,
obesity, and use of prednisone, biologics, and immunosuppressants [74,75]. Another study
on patients given CoronaVac also found that mycophenolate and prednisone were related
to reduced seroconversion, whereas hydroxychloroquine caused seroconversion to rise [77].
In another study on Pfizer, CoronaVac, Sinopharm, and Vaxzevria vaccination, anti-RBD
titers were lower in the inactivated vaccine group, followed by Vaxzevria, then Vaxzevria or
Pfizer [82]. The inactivated vaccine was also associated with the lowest humoral response,
whereas the adenovirus-vectored/mRNA vaccine was associated with the highest humoral
response [82].

Patients with multiple sclerosis who received the Pfizer vaccine while being treated
with anti-CD20 therapy [54], fingolimod continuation [31], and other immunosuppres-
sants [34] had lower IgG titers compared with untreated patients or patients who dis-
continued the therapy. In comparison with healthy controls, patients with autoimmune
neurological disorder who had received the Pfizer or Moderna vaccines had decreased
seroconversion rates [34] and anti-S1 IgG [53,60] and anti-S(RBD) specific IgG levels [52].
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In comparison with healthy controls or patients not receiving immunotherapy, patients re-
ceiving anti-CD20 [52,53,60], fingolimod [52,53], azathioprine [52], and steroid therapy [52]
exhibited lower levels of anti-S1 IgG and anti-S(RBD) specific IgG. Lower seroconversion
rates were observed in multiple sclerosis patients receiving anti-CD20 or sphingosine
1-phosphate receptor modulators who were given the Pfizer, Moderna, or AstraZeneca
vaccines compared with other disease-modifying therapies or untreated patients [66].

Additional research on the Pfizer or Vaxzevria vaccine indicated that seroconversion
and anti-S IgG levels after the second dose were significantly lower in patients with autoim-
mune disease than in the control group and that this was associated with B-cell depletion at
the time of vaccination [92]. Rituximab was significantly associated with no antibody vac-
cine response after adjusting for diagnosis and hydroxychloroquine, according to research
in patients with SLE and RA who received the Pfizer vaccine [39]. A study of patients with
SLE who had been given the Pfizer vaccination found that mycophenolate and methotrexate
treatment were associated with a drastically diminished BNT162b2 antibody response [68].
Another study on the Moderna and Vaxzevria vaccines showed that individuals given
hydroxychloroquine, low-dose steroid, methotrexate, and/or sulfasalazine therapy had
significantly lower anti-SARS-CoV-2 spike IgG titers than those who were not on these
therapies [96].

Studies of patients with autoimmune or autoinflammatory diseases, including RA, SLE,
Sjogren syndrome, Behcet’s disease, polymyalgia rheumatica, connective tissue disease,
vasculitis, adult-onset Still’s disease, and sarcoidosis who received the Pfizer vaccination
showed lower seroconversion [46,61], anti S1/52 IgG [36,38,43,61], neutralization [38,43],
total IgA [38,43], and anti-RBD IgG [61] than the control group. The lowest antibody titers
were detected in patients with antineutrophil cytoplasmic-antibody-associated vasculitis
(AAV) and idiopathic inflammatory myopathy/myositis (IIM), while the highest titers
were detected in SLE and RA patients [37]. Another study showed that antibody titers
were also reduced with two or more immunosuppressants in combination therapy [61].
Studies in patients with systemic autoimmune disease, RA, SLE, inflammatory bowel
disease, Sjogren syndrome, autoimmune hepatitis, psoriatic arthritis, IIM, sarcoidosis, and
vasculitis who received the Pfizer and Moderna vaccines found that their anti-S IgG titers
were lower than those of the control group, and these differences were particularly signifi-
cant [8,35,50,51] in those who were receiving B-cell-depleting therapies, prednisone, JAK
inhibitors, antimetabolites [47], TNFi [51], mycophenolate, and calcineurin inhibitors [44].
Moreover, compared with the control group, anti-RBD titers were lower in patients [41].
The differences remained significant in individuals receiving treatment with rituximab
and belimumab [41]. According to another study, Ab levels and neutralization efficacy
against variants of concern in anti-TNF-treated patients were substantially lower than in
healthy controls, and by three months following the second dose of the vaccination they
were undetectable against Omicron [71].

Seroconversion was considerably higher among Pfizer vaccine recipients when doses
were given less than a month apart compared with AstraZeneca recipients, and tendencies
towards higher antibody levels in vaccine responders were seen when either vaccine was
given using short-interval dosing [93]. A study by Mehta et al. on the AstraZeneca vaccine
showed that diabetes mellitus and vaccine interval were significantly associated with anti-
RBD antibody titer [87]. A delayed (10-14 weeks) second dose of AstraZeneca vaccine was
associated with a higher antibody titer [87]. A study by Ahmed et al. on AstraZeneca and
Covaxin revealed that Covaxin and methotrexate treatment were associated with lower
antibody titers [103]. Another study that focused on Vaxzevria vaccination in patients with
autoimmune inflammatory rheumatic diseases revealed that single-dose-vaccinated pa-
tients who had had prior COVID-19 infections showed significantly higher seroconversion
and neutralization activity than those who had received a double-dose vaccine [84].

In a study that focused on CoronaVac vaccination, neutralizing antibodies in RA
patients on methotrexate therapy were lower than in the control group [73,83], as was the
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seroconversion rate [73]. Prednisone and mycophenolate usage were both highly linked to
a negative NAb [83].

A study on mRNA and inactivated virus vaccines reported that IFN-y and anti-
RBD Abs levels have a slight but significant positive correlation [43]. Another study
on mRNA, inactivated virus, and adenovirus vector vaccines reported that neutralizing
anti-RBD-specific antibodies and the percentage of positive anti-RBD antibody responses
were higher in participants vaccinated with mRNA vaccine compared with inactivated
virus and adenovirus vaccines [99]. Additionally, patients who received the adenovirus
vector or mRNA vaccines had a higher proportion of TNF-a-producing CD4+ T-cells upon
SARS-CoV-2 antigen exposure compared with those who received the inactivated virus
vaccine [99].

A third booster dose of mRINA or adenovirus vector vaccine after a primary inactivated
vaccine produced a significant humoral and cellular immune response in SLE patients
with inactive disease maintaining immunosuppressive treatment [81]. However, another
study found that, after booster vaccination, neutralization responses against the Omicron
variant were significantly lower in patients than in the healthy control group [92]. Certain
medications, such as TNFi, aCD20-BCD- and fingolimod, antimetabolites, and calcineurin
inhibitors were able to impair humoral and cellular responses, especially in autoimmune
patients [51,53,81]. For instance, Achiron et al. found that a fingolimod continuation
group had lower IgG titers than a fingolimod discontinuation group even at 3 months
after the third vaccine dose [31]. In addition, anti-BA.2 neutralizing antibodies were not
detectable in TNFi-treated patients [51]. Meyer et al. found that patients taking fingolimod
failed to develop either humoral or CD4* T cellular immune responses [53]. In contrast,
Meyer et al. also reported that untreated patients showed an increase in anti-S1 IgG,
neutralizing capacity, RBD- and S2-specific B cells, and spike-specific T cells after their first
booster [53]. Lastly, however, a booster dose, particularly from an mRNA or viral vector
vaccine, enhanced strong cellular immune responses, though responses were weaker in
patients taking antimetabolites or calcineurin inhibitors [81].

3.3.3. Safety

Following primary vaccination in mRNA vaccine studies, autoimmune relapse was re-
ported as a safety outcome in 12 studies [29,40,60,63,68,70,80-82,86,88,99]; local symptoms
in 11 studies [8,29,35-37,40,50,52,60,67,68]; systemic symptoms in 13 studies [8,34-37,40,50,
52,60,63,67,68,101]; and other symptoms in 12 studies [29,35,36,40,50,52,60,64,88,100-102].
Following booster vaccination in mRNA vaccine studies, autoimmune relapse was reported
as a safety outcome in three studies [32,34,42] and local and systemic symptoms were also
reported in one study [34]. Among the inactivated vaccine studies, following primary
vaccination, autoimmune relapse was reported as a safety outcome in two studies [79,80]
and local symptoms and systemic symptoms in six studies [72,73,75-78].

Among the mRNA vaccine and adenovirus vector vaccine studies, following primary
vaccination, two studies reported autoimmune relapse after vaccination [20,69]. Local
symptoms were reported as a safety outcome in three studies [45,69,72]. Systemic symp-
toms after primary mRNA and adenovirus vector vaccinations were reported in three
studies [45,48,102]. Other symptoms were described in one study [82]. Meanwhile, among
the inactivated virus vaccine and adenovirus vector vaccine studies, only one study re-
ported autoimmune relapses and local and systemic symptoms as safety outcomes [86].
Among the mRNA vaccine, inactivated virus vaccine, and adenovirus vector vaccine stud-
ies, following primary vaccination, autoimmune relapse was reported as a safety outcome
in two studies [88,94]; local symptoms in three studies [88,94]; systemic symptoms in four
studies [82,88,94,99]; and other adverse events in two studies [88,94].

Patients who had been vaccinated with an mRNA vaccine reported no difference in
relapse incidence before and after vaccination [8,52,68]. De Santis et al. and Ferri et al.
also reported that, in the majority of cases, vaccine-related adverse effects were mild, and
incidence rates were comparable in autoimmune patients and healthy controls with no
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differences based on current medications [8,101]. Mild cases, such as headache, occurred
more frequently in SLE and cryoglobulinemic vasculitis patients, while pain at the injection
site did in systemic vasculitis patients [8]. Moyon et al. found no related serious adverse
events caused by vaccination [68]. Most of the relapse cases had significantly higher
disease activity scores when compared with patients without post-vaccination relapses [40].
Additionally, De Santis et al. did not find any differences between patients with and
without serum responses or in the prevalence of vaccine-related side effects [101]. In terms
of booster vaccinations, a study reported more than 10% ITP exacerbations among ITP
patients after booster vaccinations [32].

Patients who had been vaccinated with an inactivated virus vaccine were reported to
have no moderate or severe adverse events [76,77]. Medeiros-Ribeiro et al. reported that
overall reactions, such as arthralgia, back pain, malaise, nausea, and sweating, were more
frequently and significantly found to occur in patients with autoimmune rheumatic disease
than in a control group [75]. In patients with RA, myalgia and vertigo were significantly
more frequent in those patients who were stopping methotrexate therapy at the time of
receiving their second vaccination [73]. Headaches had a higher prevalence in patients
with systemic autoimmune myopathies compared with healthy controls after a first dose
of inactivated vaccine [76]. Autoimmune flare was also detected more frequently in a
methotrexate-stopping RA patient group in comparison with a methotrexate-maintaining
group at day 69 after vaccine administration [73].

Studies on mRNA and adenovirus vector vaccines reported that there was no differ-
ence in self-reported side effects between patients with neuroinflammatory diseases and a
control group, whether after first vaccine dose or second vaccine dose, even after adjusting
for age, BMI, and comorbidities [48]. Epstein et al. also reported that younger age was
associated with an increased rate of reported side effects, whereas patients on high-efficacy
therapy were associated with a lower risk of reported side effects [48]. The high-efficacy
therapies referred to were therapies using ocrelizumab, rituximab, ofatumumab, alem-
tuzumab, cladribine, fingolimod, ozanimod, siponimod, and natalizumab [48]. Headaches
were more common in patients with neuroinflammatory disease after mRNA vaccination
than adenovirus vector vaccination, although no significant differences were observed [48].
Additionally, patients on high-efficacy therapy had a significantly lower rate of reported
side effects compared with patients not on medication at the time of vaccination [48]. In
terms of flare, there were no differences observed regarding age, comorbidities, number
of autoimmune diseases associated, and years from disease diagnosis to the year prior to
vaccination [69]. There were no significant differences in flare-up development among
Cominarty, Vaxzevria, and Spikevax [69].

Additionally, studies on mRNA, inactivated virus, and adenovirus vector vaccines
reported significantly more injection site pain in patients receiving AstraZeneca or Pfizer
vaccination than in those who received inactivated vaccination, followed by fatigue and
fever [82]. Another study on a third booster dose with an mRNA or viral vector vaccine
following inactivated virus vaccination in SLE patients revealed more reactogenicity after
the booster dose than the initial CoronaVac vaccination, but this was mild and no SLE flare
was reported [81].

3.4. Meta-Analysis

For meta-analysis, we included 20 studies that compared the efficacy, immunogenic-
ity, and safety of COVID-19 vaccines between patients with autoimmune diseases and
healthy controls. There were six studies for efficacy [72,75-77,97,98], 18 studies for immuno-
genicity [8,35,36,43,50,52,54,61,62,65,72,74-77,80,83,101], and four studies for safety that
could be included [72,75-77]. These studies were on inactivated vaccine, mRNA vaccine,
and mRNA /adenovirus vector vaccine. All studies were non-randomized studies and
on primary doses (two doses) of COVID-19 vaccine. Meta-analysis could not be done
from the RCTs because there were only three RCTs [31,73,96] in our systematic review and
only one RCT comparing the efficacy, immunogenicity or safety of the COVID-19 vaccine
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(primary dose) among patients with autoimmune disease (multiple sclerosis) and healthy
controls [31].

3.4.1. Efficacy

Six studies were included to evaluate the efficacy of COVID-19 vaccines in patients
with autoimmune diseases. Four studies used the inactivated virus vaccine [72,75-77],
whereas the other two studies used mRNA and adenovirus vector vaccines [97,98] Break-
through COVID-19 infections were used to assess vaccine efficacy.

Based on Figure 2, the overall effect on breakthrough COVID-19 infection after re-
ceipt of a COVID-19 inactivated virus vaccine was in favor of the healthy controls. The
combined risk ratio was 1.93 (95% CI: 1.14-3.29, 2 = 0%), and the difference was sta-
tistically significant (p = 0.02). According to the GRADE system, the certainty of the
evidence on breakthrough COVID-19 infections after inactivated vaccination was moderate
(Supplementary Materials, Table S3). Four studies included in this meta-analysis involved
patients with various autoimmune diseases: SLE, systemic autoimmune myopathies, and
other autoimmune diseases. Patients involved in these four studies received various im-
munosuppressive treatments: steroids, methotrexate, hydroxychloroquine, mycophenolate
mofetil, azathioprine, biologic agents, and others.

Autoimmune Patients  Healthy Controls Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Aikawa 2022 42 1193 9 492 556% 1.92[0.94, 3.92] ——
Medeiros-Ribeiro 2022 35 860 3 180 21.7% 2,44 [0.76, 7.849] I e —
Shinjo 2022 3 53 3 106 87% 2.00([0.42, 9.57]
Yuki 2022 9 232 2 a8 14.0% 1.13[0.25, 5.07]
Total {(95% CI) 2338 836 100.0%  1.93[1.14,3.29] -
Total events 29 17
Heterogeneity: Chi*= 0.65, df= 3 (P = 0.88); F=0% 051 052 DIS é é 150

Testfor overall effect Z=243 (P =002

Favours [Autoimmune] Favours [Controls]

Figure 2. Breakthrough COVID-19 infections after receiving primary doses (two doses) of COVID-19
inactivated vaccine. Blue squares represent effect sizes for a single study, and black rhombus represent
pooled results for all studies [72,75-77].

We also analyzed the combined risk ratio for breakthrough infections after mRNA
or adenovirus vector vaccination, but no statistically significant difference was observed
(RR = 0.97; 95% CI: 0.85-1.11; I? = 0%) (Figure 3). According to the GRADE system, the
certainty of the evidence on breakthrough COVID-19 infections after mRNA or adenovirus
vector vaccination was moderate (Supplementary Materials). Three studies included in
this meta-analysis involved patients with various autoimmune diseases: SLE, rheuma-
toid arthritis, spondiloarthopathy, vasculitis, and others. Patients involved in these four
studies received various immunosuppressive treatments: steroids, methotrexate, hydroxy-
chloroquine, leflunomide, mycophenolate mofetil, azathioprine, biologic agents, and others.
Subgroup analysis regarding autoimmune diagnosis and treatment could not be done
because of limited studies or a lack of subgroup data.

Autoimmune Patients  Healthy Controls Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Boekel 2021 94 632 39 289 16.8% 1.10[0.78, 1.56)
Stalman 2022 472 1593 181 579 83.2% 0.95(0.82,1.09) .
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Figure 3. Breakthrough COVID-19 infections from studies using mRNA and adenovirus viral vector
COVID 19 vaccines. Blue squares represent effect sizes for a single study, and black rhombus represent
pooled results for all studies [97,98].
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3.4.2. Immunogenicity

Eighteen studies were included in the meta-analysis to evaluate the immunogenic-
ity of COVID-19 vaccines in patients with autoimmune disease compared with healthy
controls [8,35,36,43,50,52,54,61,62,65,72,74-77,80,83,101]. Studies included in this meta-
analysis involved patients with various autoimmune diseases: multiple sclerosis, systemic
autoimmune diseases, and other autoimmune diseases. Patients involved in these studies
received various immunosuppressive treatments: steroids, methotrexate, hydroxychloro-
quine, mycophenolate mofetil, azathioprine, biologic agents, and others.

Eleven studies were on mRNA vaccines [8,35,36,43,50,52,54,61,62,65,101] and seven
studies [72,74-77,80,83] on inactivated vaccines. Seroconversion, proportion of neutralizing
antibodies (NADb) positive, log total antibody (TADb) titer, and neutralizing activity were
analyzed.

As shown in Figure 4, seven studies reported TAbD titers after mRNA vaccination.
Patients with autoimmune disease showed significantly lower log TAb (log BAU/mL)
titers than healthy controls. Heterogeneity was low (SMD = —0.11, 95% CI = —0.2-0.02,
I2 = 0%). According to the GRADE system, the certainty of the evidence on TAD after
mRNA vaccination was high (Supplementary Materials, Table S3).

Autoimmune Patients Healthy Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Figure 4. Log TAD titer after mRNA vaccination. Green squares represent effect sizes for a single
study, and black rhombus represent pooled results for all studies [8,35,36,43,50,61,101].

As shown in Figure 5, five studies reported Tab titers after inactivated vaccination.
Patients with autoimmune disease showed significantly lower log Tab (log BAU/mL) titers
compared with healthy controls. Heterogeneity was considerably low (SMD = —0.10, 95%
CI = —0.19-0.00, I = 43%). According to the GRADE system, the certainty of the evidence
on TAD titer after inactivated vaccination was high (Supplementary Materials, Table S3).

Autoimmune Patients Healthy Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Figure 5. Log TAD titer after inactivated vaccination. Green squares represent effect sizes for a single
study, and black rhombus represent pooled results for all studies [72,75,76,80,83].

As shown in Figure 6, 11 studies reported IgG seroconversion after mRNA vaccina-
tion compared with healthy controls. IgG Seroconversion after mRNA vaccination was
significantly lower among patients with autoimmune disease than healthy controls. Het-
erogeneity was high (RR = 0.82, 95% CI = 0.75-0.90, I? = 97%). According to the GRADE
system, the certainty of the evidence on IgG seroconversion after mnRNA vaccination was
moderate (Supplementary Materials).
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Autoimmune Patients  Healthy Controls Risk Ratio Risk Ratio
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Figure 6. IgG seroconversion after mRNA vaccination. Blue squares represent effect sizes for a single
study, and black rhombus represent pooled results for all studies [8,35,36,43,50,52,54,61,62,65,101].

As shown in Figure 7, seven studies reported IgG seroconversion after inactivated vac-
cination compared with healthy controls. IgG seroconversion after inactivated vaccination
was significantly lower among patients with autoimmune disease than healthy controls.
Heterogeneity was considerably high (RR = 0.77, 95% CI = 0.71-0.84, I? = 86%). According
to the GRADE system, the certainty of the evidence on IgG seroconversion after mRNA
vaccination was moderate (Supplementary Materials, Table S3).
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Figure 7. IgG seroconversion after inactivated vaccination. Blue squares represent effect sizes for a
single study, and black thombus represent pooled results for all studies [72,74-77,80,83].

As shown in Figure 8, three studies reported neutralizing antibodies after mRNA
vaccination. Patients with autoimmune disease showed a lower proportion of positive NAb
than healthy controls, but the difference was not statistically significant. Heterogeneity
was high (RR = 0.79, 95% CI = 0.54-1.14, I? = 97%). According to the GRADE system, the
certainty of the evidence on neutralizing antibodies after mRNA vaccination was very low
(Supplementary Materials, Table S3).

As shown in Figure 9, seven studies reported neutralizing antibodies after inactivated
vaccination. Patients with autoimmune disease had a significantly lower proportion of
positive NAb than healthy controls. Heterogeneity was considerably low (RR = 0.71, 95%
CI = 0.68-0.74, I? = 37%). According to the GRADE system, the certainty of the evidence on
neutralizing antibodies after inactivated vaccination was high (Supplementary Materials,
Table S3).

As shown in Figure 10, six studies reported neutralizing activity after inactivated vac-
cination. Patients with autoimmune disease showed lower mean neutralizing activity after
inactivated vaccination than healthy controls, but the result was not statistically significant.
Heterogeneity was high (SMD = —0.52, 95% CI = —1.34-0.30, I = 98%). According to the
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GRADE system, the certainty of the evidence on neutralizing antibodies after the first dose
of vaccine was very low (Supplementary Materials, Table S3).

Autoimmune Patients  Healthy Controls Risk Ratio Risk Ratio
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Figure 8. Proportion of neutralizing antibodies positive after mRNA vaccination. Blue squares
represent effect sizes for a single study, and black rhombus represent pooled results for all
studies [50,54,62].
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Figure 9. Proportion of neutralizing antibodies positive after inactivated vaccination. Blue
squares represent effect sizes for a single study, and black rhombus represent pooled results for
all studies [72,74-77,80,83].
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Figure 10. Neutralizing activity after inactivated vaccination. Green squares represent effect sizes for
a single study, and black rhombus represent pooled results for all studies [72,75-77,80,83].

3.4.3. Safety

Four studies were eligible for pooling of vaccine-associated adverse events, including
local and systemic adverse events. All included studies were on inactivated COVID-19 vac-
cines [72,75-77]. Four studies included in this meta-analysis involved patients with various
autoimmune diseases: SLE, systemic autoimmune myopathies, and other autoimmune
diseases. Patients involved in these four studies received various immunosuppressive treat-
ments: steroids, methotrexate, hydroxychloroquine, mycophenolate mofetil, azathioprine,
biologic agents, and others.

We observed that the combined risk ratio for local adverse events after a first dose of
COVID-19 inactivated vaccine was 1.26 (95% CI: 1.05-1.51; I? = 0%) (Figure 11). Patients
with autoimmune diseases had a statistically significant (p = 0.01) risk of local adverse
events after receiving a first dose of COVID-19 inactivated vaccine in comparison with
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healthy controls. According to the GRADE system, the certainty of the evidence on local
adverse events after first dose COVID-19 inactivated vaccine was high (Supplementary
Materials, Table S3).

Autoimmune Patients  Healthy Controls Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aikawia 2022 154 623 f1 M4 AT 1% 1.27 [0.98, 1.64] —i—
Medeiros-Ribeiro 2022 M3 q049 36 182 348% 1.18[0.86,1.62] — &
Shinjo 2022 11 53 18 106 T.0% 1.22[0.62, 2.40]
Yuki 2022 71 223 12 56 111% 1.49[0.87, 2.54]
Total (95% CI) 1813 658 100.0%  1.26[1.05,1.51] ~a—
Total events 450 137

ity: Chit= = = Pz } } } t
Heterogeneity: Chi*=052, df=3 (P =091);F=0% 05 07 15 3

Test for overall effect £= 250 (P =0.01)

Favours [Autoi'mmune] Favours [Contmls]

Figure 11. Local adverse events after receiving a first dose of COVID-19 inactivated vaccine. Blue
squares represent effect sizes for a single study, and black rhombus represent pooled results for all
studies [72,75-77].

We observed that the combined risk ratio for local adverse events after a second dose
COVID-19 inactivated vaccine was 1.11 (95% CI: 0.91-1.35; I? = 1%) (Figure 12). Patients
with autoimmune diseases had a higher risk of local adverse events than healthy controls
after receiving a second dose of COVID-19 inactivated vaccine, but the difference was not
statistically significant (p = 0.31). According to the GRADE system, the certainty of the
evidence for local adverse events after a second dose of COVID-19 inactivated vaccine was
high (Supplementary Materials, Table S3).
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Figure 12. Local adverse events after receiving a second dose of COVID-19 inactivated vaccine. Blue
squares represent effect sizes for a single study, and black rhombus represent pooled results for all
studies [72,75-77].

We observed that the combined risk ratio for systemic adverse events after a first
dose of COVID-19 inactivated vaccine was 1.31 (95% CI: 1.15-1.48; I> = 0%). Patients with
autoimmune diseases had a statistically significant (p < 0.0001) risk of systemic adverse
events after receiving a first dose of COVID-19 inactivated vaccine in comparison with
healthy controls (Figure 13). According to the GRADE system, the certainty of the evidence
on systemic adverse events after a first dose of COVID-19 inactivated vaccine was high
(Supplementary Materials, Table S3).

The combined risk ratio for systemic adverse events after a second dose of COVID-19
inactivated vaccine was 1.13 (Figure 14), but no statistically significant difference was
observed (95% CI: 0.88-1.45; 12 = 62%). According to the GRADE system, the certainty of
the evidence on local adverse events was moderate (Supplementary Materials, Table S3).
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Figure 13. Systemic adverse events after receiving a first dose of COVID-19 inactivated vaccine. Blue
squares represent effect sizes for a single study, and black rhombus represent pooled results for all
studies [72,75-77].
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Figure 14. Systemic adverse events after receiving a second dose of COVID-19 inactivated vaccine.
Blue squares represent effect sizes for a single study, and black rhombus represent pooled results for
all studies [72,75-77].

3.5. Publication Bias

We used a funnel plot to assess publication bias for a meta-analysis involving more
than 10 studies: IgG seroconversion after mRNA vaccination (Supplementary Materials,
Figure S2). The funnel plot was asymmetrical, which could indicate that there was publica-
tion bias.

4. Discussion

There are some issues regarding COVID-19 vaccination in autoimmune patients, such
as how autoimmune medications might affect the efficacy and immunogenicity of the
vaccines and possible adverse reactions following COVID-19 vaccination. Therefore, the
efficacy, immunogenicity, and safety of COVID-19 vaccines in autoimmune patients were
the primary outcomes in this systematic review and meta-analysis.

Only a few studies were identified that addressed all three outcomes. In the meta-
analysis, we compared efficacy, immunogenicity, and safety between patients with au-
toimmune diseases and healthy controls. Because of the heterogeneity of the studies, we
only had non-randomized studies that could be used for this purpose. We also could
not conduct a meta-analysis on booster (third-dose) COVID-19 vaccination due to limited
studies sharing similar outcomes and interventions.

Regarding the efficacy of COVID-19 vaccination, our meta-analysis showed that the
risk of breakthrough COVID-19 infection significantly increased in patients with autoim-
mune diseases compared with healthy controls after receipt of an inactivated virus vaccine.
On the other hand, a meta-analysis with studies using mRNA or adenovirus vectors did
not show significant differences in breakthrough infections among patients with autoim-
mune disease compared with healthy controls. Breakthrough COVID-19 infection can be
related to viral profile, host factors (comorbidities, immunosuppressive drugs), and vaccine
platform or dose. The mRNA vaccine platform shows stronger neutralizing antibody and
T cell responses compared with other vaccine platforms [104].

Ahmed et al. reported that only small numbers of breakthrough infections occurred
in patients with autoimmune diseases after they received either an inactivated or aden-
ovirus vector vaccine [103]. Furer et al. observed no symptomatic COVID-19 infections in
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patients with autoimmune diseases, and only one subject in the healthy control group was
diagnosed with a breakthrough COVID-19 infection after a second dose of mRNA vaccine
during the study follow-up [35]. Moreover, Stalman et al. reported breakthrough COVID-19
infections after mRNA or adenovirus vector vaccine in both autoimmune patients and
healthy controls, with no differences in the trends in the incidence rates [97]. Kim et al. also
reported breakthrough infections after booster vaccination with an mRNA vaccine in sub-
jects given an mRNA or adenovirus vector vaccine as their primary COVID-19 vaccination,
but the result was not significantly different between patients with autoimmune disease
and healthy controls (healthcare workers) [95].

Studies included in a meta-analysis of breakthrough infections after mRNA or ade-
novirus vector vaccination involved patients with various diagnoses and treatments for
autoimmune diseases. Patel et al. and Paik et al. explained that increased breakthrough
infections were associated with the use of multiple immunomodulatory therapies, such as
methotrexate, mycophenolate mofetil, anti-CD20, and TNF inhibitors [105,106]. A study by
Bieber et al. also showed higher doses of steroids and higher proportions of patients given
TNF alpha inhibitors, rituximab, and calcineurin inhibitors among cases of breakthrough
COVID-19 infection [33].

Regarding the immunogenicity of the vaccine, our meta-analyses showed that patients
with autoimmune diseases had reduced total antibody (TAb) titers, IgG seroconversion,
and neutralizing antibodies after COVID-19 inactivated vaccination compared with healthy
controls. Patients with autoimmune diseases also showed reduced TAbD titers and IgG
seroconversion after COVID-19 mRNA vaccination compared with healthy controls. A
study by Kim et al. on mRNA vaccine boosters showed that limited neutralization of the
Omicron variant in the sera of patients with autoimmune disease could contribute to a
shorter median time between third-dose vaccination and the time of breakthrough infection
compared with a control group [95].

Patients with autoimmune diseases showed noticeably different humoral responses
following vaccination, which may be attributed to the use of B-cell-depleting agents,
antimetabolites, glucocorticoids, other immunosuppressive drugs, and waning immu-
nity [106]. This was proven by Ferri et al. in a study that showed an increased prevalence
of non-responders to vaccines in patients with systemic autoimmune disease treated with
glucocorticoids, mycophenolate mofetil, and rituximab [8]. So et al. found that impaired
humoral response in SLE patients significantly correlated with the use of mycophenolate
and the type of vaccine, especially inactivated virus vaccines in comparison with mRNA
vaccines [107]. Paik et al. reported that B-cell-depleting agents, antimetabolites, gluco-
corticoids, and combination immunosuppressive therapy achieved significantly lower
seroconversion, while immunomodulators, such as hydroxychloroquine and intravenous
globulin, did not reduce antibody titers [106]. However, patients treated with hydroxy-
chloroquine, combined with other therapies such as methotrexate and/or sulfasalazine,
still had significantly lower anti-SARS-CoV spike IgG antibody titers than those who did
not receive such a combination [96].

In terms of the safety of vaccination, the overall estimate from the meta-analysis
showed a significantly higher risk for patients with autoimmune disease experiencing local
and systemic adverse events after a first dose of COVID-19 inactivated vaccine in compar-
ison with healthy controls; however, no statistically significant difference after a second
dose of vaccine was observed. Higher frequencies of adverse events were reported among
seropositive patients than in seronegative patients and healthy controls [72]. No moderate
or severe adverse events related to the vaccine were reported [72,75-77]. Vaccine-related
adverse events after the inactivated COVID-19 vaccine, especially systemic symptoms,
were fewer than those reported with the mRNA vaccine [75].

In our systematic review, flare (worsening of autoimmune disease activity) was ob-
served in more than 10% of patients with SLE after primary mRNA vaccination [70], and
in patients with hematologic autoimmune diseases including immune-mediated throm-
botic thrombocytopenic purpura and immune thrombocytopenia after a booster mRNA
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vaccination [32,42]. Meanwhile, this occurred in less than 5% of patients with multiple
sclerosis [29] and with systemic autoimmune diseases including cryoglobulinemic vas-
culitis, rheumatoid arthritis, systemic lupus erythematosus, and systemic sclerosis after
primary mRNA vaccination [8]. For the other vaccine types, flare was observed in 7% of
autoimmune skin disease patients after primary inactivated virus vaccine and in less than
5% of SLE and autoimmune rheumatic disease patients [77,80]. Other adverse events, such
as face tingling, herpes reactivation, bleeding, and urinary tract infection, also occurred in
a small number of patients, together with severe adverse events such as high blood pres-
sure, immune thrombocytopenic purpura, myocarditis, and death [29,80,101]. However,
causal and temporal relationships between vaccine administration and adverse events or
worsening disease activity following vaccination were difficult to determine due to limited
data and the lack of a specific analysis of the causal relationship.

Based on our qualitative findings, breakthrough infections occurred less frequently in
autoimmune patients after a booster dose. Autoimmune patients still had lower humoral
and cellular responses even after having a third vaccine dose. Most of the patients were
on immunosuppressant therapy, while untreated patients had better humoral and cellular
responses. These findings support some previous evidence regarding the effects of booster
vaccination. Regardless of the lower antibody titers in autoimmune patients, a potential
increase in titer could be achieved after administering a third dose of vaccine, though the
titer was still lower compared with a healthy control group. Evidence from a study by
Joudeh et al. indicates that a booster vaccine dose is associated with a higher seroconversion
rate, particularly in patients with a history of COVID-19 infection [108]. Further evidence
comes from Cardelli, et al., who showed that a time-dependent decrease in protective
antibody titer was restored after receipt of a booster dose. After a booster dose, five of nine
non-responders developed adequate anti-RBD and neutralizing antibody titers. Three of
them reduced their dose of or discontinued mycophenolate mofetil or azathioprine therapy
before booster administration [109]. In addition, in terms of efficacy and safety, Dreyer at
al. found no relapse activity or breakthrough infections after the third dose of vaccine [34].

This study has several limitations. First, the number of studies used to combine the
efficacy, immunogenicity, and safety findings was relatively small. Second, considering that
only one RCT was available comparing patients with autoimmune diseases and healthy
controls after a primary dose of COVID-19 vaccine, we only included non-randomized
studies. Third, since we only included a small number of studies in our meta-analysis, we
might have significant publication bias. However, we also included pre-printed studies
in our systematic review to reduce the possibility of this bias. Fourth, the variety of
autoimmune diagnoses and immunosuppressive treatments could have an impact on the
outcome of COVID-19 vaccination. This could affect our meta-analysis, and we could not
address this by subgroup analysis due to the limited studies available.

5. Conclusions

In conclusion, from this meta-analysis, we found that patients with autoimmune
diseases showed significantly more breakthrough COVID-19 infections and lower total
antibody (TAb) titers, IgG seroconversion, and neutralizing antibodies after inactivated
COVID-19 vaccination compared with healthy controls. They also had more local and
systemic adverse events after a first dose of inactivated vaccination compared with healthy
controls, but this result was not seen after a second dose. Patients with autoimmune
diseases also showed significantly lower TAb titers and IgG seroconversion after COVID-19
mRNA vaccination compared with healthy controls.

A second dose of vaccine was, however, found to be important, since it is associated
with improved antibody titers and seroconversion. It is important to consult a healthcare
provider before taking a vaccine, since immunosuppressants might affect the immuno-
genicity of vaccines. Additionally, the administration of third doses of COVID-19 vaccines
should be considered due to improved seroprotection in these patients.
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Abstract: Background: Few data exist on how ofatumumab treatment impacts SARS-CoV-2 booster
vaccination response. Methods: KYRIOS is an ongoing prospective open-label multicenter study on
the response to initial and booster SARS-CoV-2 mRNA vaccination before or during ofatumumab
treatment in relapsing MS patients. The results on the initial vaccination cohort have been published
previously. Here, we describe 23 patients who received their initial vaccination outside of the study
but booster vaccination during the study. Additionally, we report the booster results of two patients
in the initial vaccination cohort. The primary endpoint was SARS-CoV-2-specific T-cell response at
month 1. Furthermore, serum total and neutralizing antibodies were measured. Results: The primary
endpoint was reached by 87.5% of patients with booster before (booster cohort 1, N = 8) and 46.7% of
patients with booster during ofatumumab treatment (booster cohort 2, N = 15). Seroconversion rates
for neutralizing antibodies increased from 87.5% at baseline to 100.0% at month 1 in booster cohort 1
and from 71.4% to 93.3% in booster cohort 2. Of note, 3 of 4 initially seronegative patients in booster
cohort 2 and one seronegative patient in the initial vaccination cohort seroconverted after the booster
during ofatumumab treatment. Conclusions: Booster vaccinations increase neutralizing antibody
titers in ofatumumab-treated patients. A booster is recommended in ofatumumab-treated patients.

Keywords: COVID-19 vaccination; relapsing multiple sclerosis; ofatumumab; neutralizing antibodies;
T-cell responses

1. Introduction

Health authorities highly recommend vaccination against the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) to prevent severe courses of coronavirus disease
2019 (COVID-19). The Robert Koch Institute currently recommends two initial vaccine
applications followed by a third vaccination four weeks after the second dose for im-
munocompromised persons [1]. A fourth vaccination is recommended for vulnerable
people [2].

mRNA vaccines against SARS-CoV-2 have been shown to be safe in vulnerable, im-
munocompromised patient populations, e.g., oncologic patients. Accordingly, a large
cohort study including 74,878 patients with active cancer or a history of cancer has found a
low rate of vaccination-related adverse events [3]. Regarding the effectiveness of SARS-CoV-
2 vaccinations, analyses of immune responses in vulnerable patients suggest relevant B-
and T-cell reactivity [4]. However, seroconversion rates after the first vaccination have been
found to be far lower than in healthy controls but increased after the second vaccination [5].
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In line with these findings, studies on SARS-CoV-2 vaccination in immunocompromised
transplant recipients suggest an impaired response towards SARS-CoV-2 initial vaccination
with increasing serologic responses after three or more doses of vaccine [6]. Patients with
multiple sclerosis (MS) also belong to the group of vulnerable people as treating their
disease requires immunomodulating disease-modifying therapies (DMTs).

Ofatumumab, a human anti-CD20 monoclonal antibody for monthly subcutaneous
application, is approved in Europe for active relapsing MS (RMS) in adults. Its mode of
action involves the selective depletion of CD20+ B-cells but spares CD20-negative long-
lived plasma cells. While the first are major contributors to the adaptive immune system,
the latter are especially important for immune memory [7].

For B-cell depleting therapies other than ofatumumab, it is recommended to wait at
least three to six months after the last injection before vaccines are applied. This is not
very compatible with the recommended regimen of SARS-CoV-2 mRNA vaccination. The
interruption of treatment or delayed initiation of treatment should be avoided because of
the risk of disease progression [8,9]; however, it is important to assess whether vaccination
under continuous ofatumumab therapy elicits an immune response.

According to a retrospective chart review, seroconversion for SARS-CoV-2 neutral-
izing antibodies is impaired in MS patients receiving anti-CD20 antibodies, with lower
seroconversion rates with rituximab and ocrelizumab compared to ofatumumab [10]. In
line with these retrospective results, it has recently been shown in a prospective setting
that ofatumumab-treated patients respond to initial vaccination against SARS-CoV-2 and
while neutralizing antibody titers were reduced under ofatumumab, T-cell response was
not affected [11,12]. SARS-CoV-2 infections after two doses of vaccine in patients receiving
anti-CD20 antibodies were reported to be mild or asymptomatic and almost all patients
seroconverted after infection [13]. Similarly, it has been suggested that booster vaccinations
are of particular relevance for increasing antibody titers [14]. Regarding T-cell responses,
conflicting findings either suggest no significant effect on T-cell levels [14] or the induc-
tion of memory T-cell levels after booster vaccinations [15]. Moreover, there are still few
data on how patients with MS receiving treatment with ofatumumab respond to booster
vaccination. Some data collected in patients receiving injectable anti-CD20 antibodies
suggest a significant increase in antibody titers after a third SARS-CoV-2 vaccination [16].
Similar results were found in an observational study including patients with ofatumumab
treatment. In that study, the third vaccination increased IgG titers by a factor of 1.4 to 1.6
compared to titers after the second vaccination. This study also suggests that after three
vaccinations, during ofatumumab treatment, B-cell and T-cell responses were still lower
than among healthy controls and compared to patients who received two or three doses of
vaccine before ofatumumab was started [17].

The objective of the KYRIOS study was to examine the immune response after the
completion of initial vaccination against SARS-CoV-2 with mRNA vaccines as well as the
immune response to a booster SARS-CoV-2 mRNA vaccine. Therefore, the presence of
SARS-CoV-2-specific T-cells and neutralizing as well as total antibodies was analyzed in the
KYRIOS study. We here present the results in the subpopulation of patients who received a
booster vaccination. The results on the initial vaccination population have been reported
previously [11].

2. Materials and Methods

Details on study design, participants, treatments, outcomes and assessments as well
as statistical analyses have been published previously [11]. Briefly, KYRIOS is a prospec-
tive, open-label, multicenter study (EudraCT 2021-000307-20; NCT04869358) designed to
investigate the immune response towards SARS-CoV-2 mRNA vaccines in RMS patients
in whom ofatumumab has already been initiated or who are planned to be initiated on
ofatumumab upon the physician’s discretion.

The original study protocol comprised cohort 1 and cohort 2, which included patients
who received their initial vaccination (i.e., the first and second doses of SARS-CoV-2
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mRNA vaccines) during the study either before ofatumumab was started or during stable
ofatumumab therapy (Figure 1). Stable ofatumumab treatment was defined as treatment
that had been started at least four weeks ago. The depletion of B-cells was verified before
vaccination. The week 1 and month 1 results of cohort 1 and cohort 2 have been published
previously [11]. Booster vaccinations in these cohorts were optional. We here report the
booster vaccination results of 2 patients in cohort 2 (Figure 1).

Interim-

analysis cutoff
Booster

Vacc.1 Vacc.2 (optional**)
]
cohort 1* < monthly s.c. injections of ofatumumab (20mg)
Booster
Vacc.1 Vacc.2 (optional**)
cohort 2* monthly s.c. injections of ofatumumab (20mg) N=2 (with booster)
Booster
booster cohort 1 @ onthiy s.c. injections of ofatumumab (20mg) N=8
Booster

booster cohort 2 monthly s.c. injections of ofatumumab (20mg) N=15

Figure 1. Description of different cohorts in KYRIOS. Cohort 1 and cohort 2 form the initial vaccina-
tion cohorts, i.e., patients who received the first and second dose of the SARS-CoV-2 vaccine during
the KYRIOS study, either before or during ofatumumab treatment. Two patients of cohort 2 have
already received a booster vaccination within the KYRIOS study. Booster cohort 1 and booster cohort
2 consist of patients who received only their booster vaccination during the KYRIOS study (but not
the initial vaccination), either before or during ofatumumab treatment. Month 1 results after booster
vaccination are reported for booster cohort 1, booster cohort 2, and for the two patients of the initial
cohort 2. * Week 1 and month 1 results after the initial vaccination in cohort 1 (N = 6) and cohort 2
(N = 5) have been reported previously [11]. ** Booster vaccinations were optional in cohort 1 and
cohort 2 and can be performed any time after the second dose of SARS-CoV-2 vaccine.

A protocol amendment introduced booster cohorts 1 and 2 to the study. These cohorts
included patients who had already completed the initial vaccination cycle outside the
study and received only their booster vaccine during the study (Figure 1). Booster cohort 2
patients may have received their initial vaccination before or during ofatumumab treatment.
We here report results of booster cohort 1 and 2.

An additional cohort (cohort 3) with patients from the AMA-VACC study was included
as the historical control group. These patients were booster vaccinated while receiving
treatment with dimethyl fumarate (DMF), glatiramer acetate (GA), beta-interferons (IFN),
or teriflunomide (TF) or while not being treated with a DMT [18].

The primary endpoint was the proportion of patients with SARS-CoV-2-specific T-cell
response one month after completion of the booster vaccination. T-cell response was
defined as the presence of SARS-CoV-2-reactive T-cells secreting either IFN-y or IL-2
or both (any T-cell activity above the basal level). Secondary endpoints included the
following: the extent of T-cell response defined as T-cell reactivity normalized for basal
T-cell activity measured by IFN-y secretion (IFN-y stimulation indices); the proportion
of patients with neutralizing antibodies against SARS-CoV-2; titers of serum total and
neutralizing antibodies against SARS-CoV-2; the incidence of COVID-19 after complete
vaccination; and comparison of immune responses in KYRIOS cohorts with the responses
in cohort 3 derived from AMA-VACC.

Assessment time points for the booster cohorts in the KYRIOS study were month 1,
month 6, month 12 and month 18. We present a pre-planned interim analysis of data
obtained one month after the booster vaccination (data cut-off: 12 July 2022). The study is
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ongoing and follow-up data collected at further time points will be presented upon study
completion. All endpoints were analyzed descriptively without formal statistical testing.

The study is consistent with the Declaration of Helsinki and conducted according
to the Good Clinical Practice guidelines by the International Conference on Harmonisa-
tion (ICH-GCP). Ethics committee approval was obtained, and all patients or their legal
representatives provided written informed consent before any study-related procedures
were started.

Of note, recruitment into this study started in May 2021, which was before the Robert
Koch-Institute issued its recommendation for a third vaccination as soon as four weeks after
the second vaccination in severely immunocompromised patients in September 2021 [1].
Only in December 2021 was a joint statement published by the Deutsche Multiple Sklerose
Gesellschaft (DMSG), the Kompetenznetz Multiple Sklerose (KKNMS) and the Berufsver-
band Deutscher Neurologen (BDN) which specified that this recommendation should be
applied to MS patients receiving anti-CD20 antibodies or S1P-inhibitors [19].

3. Results

The KYRIOS study included 23 patients who received their initial vaccination (first
and second dose) outside the study and their booster vaccination during the study. All
these patients were initially vaccinated before ofatumumab treatment was started; eight
patients also had their booster vaccine before starting ofatumumab (booster cohort 1) while
fifteen patients received their booster while being continuously treated with ofatumumab
(booster cohort 2). Furthermore, data from two patients in the initial cohort 2 are available,
who received their initial and their booster vaccination during the study, both while being
treated with ofatumumab.

Table 1 shows the patient characteristics of the booster population at screening. Briefly,
patients in booster cohort 1 were on average 47.1 years of age and 45.5 years of age in booster
cohort 2. The disease was diagnosed on average 11.1 and 7.2 years ago, respectively. In
total, 37.5% and 33.3% of patients were previously untreated in booster cohort 1 and booster
cohort 2, respectively. Mostly, mRNA vaccines by BioNTech/Pfizer were administered as
the booster, with an average of 26 weeks after the second dose both in booster cohort 1 and
booster cohort 2. The mean time between booster vaccination and the start of ofatumumab
in booster cohort 1 was 0.87 months. In booster cohort 2, ofatumumab was started on
average 1.87 months before booster vaccination (Table 2). Cohort 3 included 20 patients from
the AMA-VACC study treated with DMF, GA, IFN or TF, of whom 18 patients received a
booster vaccination. The patient characteristics of the AMA-VACC population are presented
in Table 1, as published previously [18]. In total, 62.5% of booster cohort 1 and 66.7% of
booster cohort 2 had received DMTs prior to ofatumumab. In most cases, this treatment
was continued during initial vaccination. Overall, 37.5% patients in booster cohort 1 and
46.7% patients in booster cohort 2 received DMTs during their initial vaccination.

Table 1. Demographic and disease characteristics.

Variable * Booster Cohort 1 Booster Cohort 2 Cohort 3
Vaccination Priorto ~ Vaccination during Vaccination
Treatment Stable Treatment during
IFN/GA/DMF/TF/
no DMT
N 8 15 202
Age, years 47.1 (14.1) 455 (12.4) 48.6 (12.9)
Sex, female, n (%) 5 (62.5) 9 (60.0) 16 (80.0)
Time since diagnosis, years 11.1 (8.7) 72(7.7) 13.99 (10.43)
Number of prior DMTs 2.0 (2.1) 1.3(1.2) 1.6 (0.7)
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Table 1. Cont.

Variable * Booster Cohort 1 Booster Cohort 2 Cohort 3
Vaccination Priorto ~ Vaccination during Vaccination
Treatment Stable Treatment during
IFN/GA/DMEF/TF/
no DMT
Number of DMTs prior to
ofatumumab, n (%)
0 3(37.5) 5(33.3) 0(0.0)
>1 5 (62.5) 10 (66.7) 18 (100.00)

* If not indicated otherwise, data are presented as mean (SD). ?: 18 of 20 patients in the AMA-VACC study had a
booster vaccination. DMF: dimethyl fumarate; GA: glatiramer acetate, IFN: interferon-beta; TF: teriflunomide.

Table 2. Vaccination characteristics.

Variable Booster Cohort 1 Booster Cohort 2 Cohort 3
Vaccination Prior Vaccination during Vaccination
to Treatment Stable Treatment during
IFN/GA/DMF/TF/
no DMT

N 8 15 202
Vaccination, n (%)
1st 8 (100.0) 10 (0.0) 14 (93.3)11 (6.7) 19 (95.0)11 (5.0)
(BioNTech/Pfizer | Moderna)
2nd 8 (100.0) 10 (0.0) 14 (93.3)11 (6.7) 19 (95.0)11 (5.0)
(BioNTech/Pfizer | Moderna)
First booster vaccination 7(87.5)11(7.1) 13 (65.0) 12 (10.0) 11 (61.1)17 (38.9)

(BioNTech/Pfizer | Moderna)
Vaccination time interval, mean (SD)

1st to 2nd vaccination, 5.6 (0.7) weeks 5.6 (1.4) weeks 36.8 (9.0) days
weeks/days
2nd vaccination to booster 26.0 (2.3) weeks 26.2 (5.9) weeks 5.82 (0.4) months

vaccination, weeks/months

Time interval between start of ofatumumab and vaccination, mean (SD)

Booster vaccination to start 0.87(0.18) - -
of ofatumumab, months

Start of ofatumumab to - 1.87 (0.85) -
booster vaccination, months

2: 18 of 20 patients in the AMA-VACC study had a booster vaccination. DMF: dimethyl fumarate; GA: glatiramer
acetate, IFN: interferon-beta; TF: teriflunomide.

We observed a T-cell response according to the primary endpoint definition (presence
of SARS-CoV-2 reactive T-cells secreting either IFN-y or IL-2 or both) in 87.5% of patients in
booster cohort 1 and in 46.7% of patients in booster cohort 2. The extent of T-cell response
(T-cell reactivity measured by IFN-y secretion normalized for basal T-cell activity, i.e., IFN-y
stimulation indices) was not markedly different between the two booster cohorts (Figure 2).

Neutralizing antibody titers increased in booster cohort 1 and 2. The seroconversion
rate in booster cohort 1 was 87.5% prior to and 100.0% after the booster in booster cohort 1,
and increased from 71.4% prior to the booster to 93.3% at month 1 after the booster in booster
cohort 2. Patients in booster cohort 2 with prevalent antibodies before the booster reached
similar titers as booster cohort 1 and 3. Of note, of the four patients of booster cohort 2 who
were seronegative after the initial vaccination, three patients reached seroconversion after
booster vaccination. Of the two patients who had both their initial and booster vaccination
during the study while receiving ofatumumab treatment, one patient was seropositive for
neutralizing antibodies already prior to the booster and showed an increase in antibody
titers at month 1. The second patient was seronegative before and seroconverted after the
booster vaccination. In cohort 3, all but two patients were seropositive before the booster.
Both patients were seropositive after the booster vaccination (Figure 3A).
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Figure 2. ELISpot-based quantification of T-cell reactivity after booster vaccination prior to or during
ofatumumab treatment by calculation of IFN-y stimulation indices towards SARS-CoV-2. Each
dot represents one patient; medians are indicated by horizontal lines. All patients received their
initial vaccination cycle before starting ofatumumab treatment (except for 2 patients with initial
and booster during ofatumumab treatment). DMF: dimethyl fumarate; GA: glatiramer acetate, IFN:
interferon-beta; n: number of patients with assessments; TF: teriflunomide.

Before the booster vaccination, all but three patients (one in booster cohort 1; two
in cohort 3) had SARS-CoV-2 serum total antibody titers of 250 U/mL (assay-specific
maximum of quantification range). After the booster vaccination, all patients in both
booster cohorts had reached titers of 250 U/mL. In booster cohort 2, all but four patients
had SARS-CoV-2 serum total antibody titers of 250 U/mL before the booster. In all these
patients, total anti-spike antibody titers increased after booster vaccination. Of note, one
patient in booster cohort 2 was seronegative for total antibodies before and seroconverted
after the booster vaccination. Furthermore, of the two patients with initial and booster
vaccination during the study while receiving ofatumumab, both reached serum total
antibody titers of 250 U/mL after their booster (Figure 3B).

The median time of observation in the study until the data cut-off was 30.9 weeks.
During this period, adverse events (AEs) were reported in 19 patients (82.6%), with 7 cases
being related to the DMT and 2 cases being related to the vaccine, i.e., fatigue and tinnitus,
which have both been reported as mild (Table 3). Only one relapse in one patient occurred
(booster cohort 1). No serious AEs and no deaths were observed.

During the observational period, six cases of clinical COVID-19 were reported, one
in booster cohort 1 and five in booster cohort 2. The infections occurred two months after
the second vaccination in booster cohort 1, and two months (one patient), three months
(one patient), as well as four months (three patients) after the second vaccination in booster
cohort 2. All infections were mild or moderate according to CTCAE grading with full
recovery in all cases. In booster cohort 1, the infection lasted 7 days, while the duration of
infection in cohort 2 ranged from 8 to 14 days.

84



Vaccines 2023, 11,978

[}
@ 10,000
= No
S
_8 l:] ofatumumab
= 1,000 treatment
©
Before first
g € 100 g l:] ofatumumab
25 o ... (B N . ....... DU .. B .. ...... . dosing
8= 10 (09 .
= During stable
=3
7] ofatumumab
.E 1 treatment
S)
Pl
g 1 :
= 0.1 T T T T
5 — 5 — 5 — 5 —
@ E=] @ =1 @ =] @ =1
o = [=] B o =3 o c
o =} o [=} o =} o =}
- £ Q £ Q £ Q £
s s k) s
s s IS s
Booster during Booster before Booster during Initial vacc. &
IFN/GA/DMF/TF/ ofatumumab ofatumumab booster during
no treatment treatment treatment ofatumumab
treatment
10,000 No
l:l ofatumumab
= 1,000 treatment
> :
= Before first
©— 100 l:l ofatumumab
%ﬁ- g dosing
ks = 10 < - During stable
= ofatumumab
< ’ L4 treatment
0.1 T T T T
5 — S — S — 5 —
@ £ ® S @ S ® =]
o c (=} c =} c =3 c
o o o o o =} o o
< £ 2 £ 2 £ £ £
kS s s s
s s & s
Booster during Booster before Booster during Initial vacc. &
IFN/GA/DMF/TF/ ofatumumab ofatumumab booster during
no treatment treatment treatment ofatumumab

treatment

Figure 3. (A) Quantification of SARS-CoV-2-specific neutralizing antibody titer in U/mL after booster
vaccination prior to or during ofatumumab treatment. (B) SARS-CoV-2-specific serum total antibody
titer in U/mL after booster vaccination prior to or during ofatumumab treatment. All patients
with available data were included in the analysis and individual values are represented by dots.
Grey dots = patients who seroconverted after booster. Bars show median values, black dotted lines
indicate assay-specific cut-off for seropositivity and grey dotted line indicates the maximal value
of quantification range. DMF: dimethyl fumarate; GA: glatiramer acetate, IFN: interferon-beta; n:
number of patients with assessments; TF: teriflunomide.

Table 3. Overview of adverse events.

Adverse Events, Booster Cohort 1 Booster Cohort 2
n (%) Booster Vaccination = Booster Vaccination
Prior to Treatment during Stable
(N=8) Treatment (N = 15)
Adverse events (AEs) 6 (75.0) 13 (86.7)
General disorders and administration 1(12.5) 3(20.0)
site conditions
Nervous system disorders 3(37.5) 4 (26.7)
Musculoskeletal and connective 2 (25.0) 2 (13.3)
tissue disorders
Blood and lymphatic system disorders 0(0.0) 0(0.0)
Infections and infestations 3(37.5) 9 (60.0)
Ear and labyrinth disorders 0(0.0) 1(6.7)
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Table 3. Cont.

Adverse Events, Booster Cohort 1 Booster Cohort 2
n (%) Booster Vaccination = Booster Vaccination
Prior to Treatment during Stable
(N=38) Treatment (N = 15)

Gastrointestinal disorders 1(12.5) 0 (0.0)
Injury, poisoning and procedural 2(25.0) 1(6.7)
complications
Metabolism and nutrition disorders 1(12.5) 0 (0.0)
Psychiatric disorders 0 (0.0) 1(6.7)
Reproductive system and breast disorders 2 (25.0) 0 (0.0)
Respiratory, thoracic and 1(12.5) 0 (0.0)
mediastinal disorders
Skin and subcutaneous tissue disorders 1(12.5) 1(6.7)
Vascular disorders 0(0.0) 2 (13.3)
Not coded 2 (25.0) 2(13.3)

AEs related to DMTs 4 (50.0) 3(20.0)

AEs related to SARS-CoV-2 vaccine 0 (0.0) 2 (13.3)

AEs leading to permanent discontinuation of 0 (0.0) 0(0.0)

study medication

AEs leading to temporary interruption of 0(0.0) 1(6.7)

study medication

Serious adverse events 0 (0.0) 0 (0.0)

In case of multiple AEs, a patient is counted only once in the respective category.

4. Discussion

We here report the results on the subpopulation of patients who received a booster
vaccination in the KYRIOS study. The results on the initial vaccination population have
been published previously [11]. The present results therefore add to the previous results
and provide essential insights on the immune response to booster vaccinations before and
during ofatumumab therapy.

Accordingly, T-cell reactivity towards SARS-CoV-2 vaccines showed a slight increase in
all booster cohorts at month 1 after the booster vaccination, irrespective of whether patients
were vaccinated prior to ofatumumab or during continuous ofatumumab or whether they
received other DMTs when vaccinated.

As far as T-cell response is concerned, it has been previously shown by several analyses
that anti-CD20 treatment including ofatumumab does not alter T-cell reactivity towards
SARS-CoV-2 [11,12,20]. The fact that T-cell reactivity only showed a minor increase in our
analysis of booster vaccinations might be an issue of timing of assessments. T-cell reactivity
becomes difficult to detect at month 1, as T-cells specific for SARS-CoV-2 then no longer
circulate in the blood and tissue-resident memory T-cells develop [21]. It can be assumed
that in patients receiving a booster vaccination, T-cell reactivity peaks even earlier due to
altered immune mechanisms in immunized patients. However, as antibodies were detected,
prior T-cell reactivity in the booster cohorts can be assumed, as T-cells are essential for
B-cell-mediated antibody formation in response to mRNA vaccines [22]. It has to be noted
that booster vaccinations are of special relevance for increasing antibody levels [14].

Booster vaccinations showed a similar humoral response irrespective of whether the
booster was applied prior to or during ofatumumab treatment. All patients who had
their booster vaccination during ofatumumab treatment showed an increase in neutralizing
antibodies comparable to the cohorts vaccinated prior to ofatumumab or under other DMTs.
However, while the relative increase was higher in patients with lower levels before the
booster, higher pre-booster antibody levels seem to be associated with a higher absolute
antibody level after the booster [23]. Antibody levels prior to the booster, in turn, are likely
to depend on prior treatment. In the study by Faissner et al., an impaired humoral response
was reported [12], but baseline antibody levels have not been assessed. However, three
patients were treated with sphingosine-1-phosphate (S1P) inhibitors during their initial
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SARS-CoV-2 vaccination (i.e., first and second dose of the vaccine) [12]. S1P inhibitors are
known to be associated with reduced antibody levels in response to vaccination during
continuous treatment [18]. Therefore, prior treatments in the Faissner study might have
impacted the antibody development after vaccination against SARS-CoV-2. In the KYRIOS
study, seronegative patients or patients with lower titers before the booster vaccination
showed almost similar increases, and 75% of seronegative patients before the booster
vaccination reached seropositivity at month 1 even when vaccinated during continuous
ofatumumab. Of note, two-thirds of the patients in booster cohort 2 had received other
DMTs prior to ofatumumab, including S1P-inhibitors. It seems reasonable to assume
that these prior treatments might have also affected the immune response to SARS-CoV-2
vaccination, especially when DMTs were switched only shortly before the vaccination.

The fact that booster vaccination further increased neutralizing antibody titers also in
those who received their first vaccination during ofatumumab suggests the development
of immune memory after their initial vaccination. The application of a booster vaccination
then activates humoral immune memory and leads to the proliferation of antigen-specific
B-cells. Preclinical data on ofatumumab support these findings. In contrast to ocrelizumab,
human equivalent doses of ofatumumab applied in huCD20 transgenic mice were shown
to spare marginal zone and follicular B cells in lymphoid organs and in the bone marrow,
which are important for immune surveillance, B-cell repletion and preservation of the
immune response [24].

Regarding booster vaccinations, the KYRIOS study suggested similar immune re-
sponses in patients receiving the booster either prior to or during ofatumumab. It can be
assumed that it is not necessary to postpone ofatumumab treatment initiation until after
the booster vaccination. Furthermore, booster data indicate that patients who had received
their initial vaccination during ofatumumab benefit from an additional booster vaccination.
This supports the vaccination recommendations toward a third vaccination as soon as
four weeks after the second vaccination in MS patients receiving anti-CD20 antibodies or
S1P-inhibitors [1,19]. It can be assumed that as in immunosuppressed transplant recipients,
each booster leads to an increase in seroconversion rate [6].

In general, higher antibody titers are correlated with better protection from severe
COVID-19. The KYRIOS results suggest clinically effective vaccinations in MS patients
receiving ofatumumab, irrespective of whether vaccination is completed before treatment
initiation or whether it is applied during ofatumumab treatment, as no severe infections
occurred, and infections only lasted 7 to 14 days. Therefore, the severity and duration
of COVID-19 in KYRIOS are well in line with ALITHIOS study results on infection in
ofatumumab-treated patients [25]. However, as we have previously pointed out [11],
COVID-19 cases in ALITHIOS were observed before September 2021, and therefore oc-
curred before the circulation of Omicron. On the contrary, COVID-19 cases in KYRIOS
mainly occurred during early 2022. It can be assumed that a relevant number of these
cases were Omicron infections. Omicron is known to escape the immune response, but still
leaves vaccines effective in preventing severe COVID-19. According to the KYRIOS study,
the latter also applies to patients receiving ofatumumab. Given this background and our
present data, a booster with the Omicron-adapted vaccine seems reasonable.

SARS-CoV-2 mRNA vaccines were well tolerated in the present study, with only two
cases of mild adverse events related to the booster vaccination being reported. No throm-
bosis or cardiovascular events have been reported in the booster cohorts. Vaccine-induced
immune thrombocytopenia and thrombosis (VITT) are a rare but serious issue associated
with SARS-CoV-2 mRNA vaccination [26], possibly mediated by anti-PF4 antibodies, which
can be found after vaccination but not after COVID-19 infection [27].

When interpreting the results of KYRIOS, some study limitations have to be kept in
mind. As KYRIOS only included a small sample, the results should not be overinterpreted
as they require further confirmation. As no week 1 assessment was scheduled for patients
who received a booster vaccination, information on early T-cell responses after booster
vaccination is lacking. Furthermore, patients were included in the study before the relevant
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authorities issued a recommendation to apply a third dose as early as four weeks after
the second. The time between the first and second dose of the vaccination cycle and
booster vaccination was therefore longer (median 6 months) in our study than what is
currently recommended.

5. Conclusions

Overall, the present KYRIOS data add to the previous results on the immune response
towards SARS-CoV-2 mRNA vaccination. The previously reported results gave valuable
insights into the impact of concurrent ofatumumab treatment during the initial vaccination
cycle. Given that booster vaccinations are generally recommended, information on immune
responses to booster vaccinations before and during ofatumumab therapy were needed.
The novel KYRIOS booster data show that a booster vaccination increases neutralizing
antibody titers in patients continuing ofatumumab therapy. A similar antibody titer is
achieved as that in patients not undergoing ofatumumab therapy. The present data give the
first indications that a booster may possibly lead to seroconversion in patients who were
seronegative after initial vaccination and received a booster during stable ofatumumab
treatment, regardless of which therapy the patients had received during the initial vaccina-
tion, including ofatumumab. Further data are needed to support this assumption. Since
higher titers correlate with vaccine effectiveness, a booster is recommended in patients on
ofatumumab therapy.
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Abstract: Severe drug allergy affects patient hesitancy to new treatments, posing unprecedented
challenges to anti-SARS-CoV-2 vaccination campaigns. We aimed to analyze the psychological profile
of vaccinees with a history of severe allergy in comparison to subjects with a milder allergy history.
Patients attending a dedicated vaccination setting were administered an anonymized questionnaire
including clinical data and the State-Trait Anxiety Inventory (STAI) scale (score range 20-80). Patients
were also asked whether being in a protected setting affected their attitude toward vaccination. Data
are expressed as median (interquartile range). We enrolled 116 patients (78% women), of whom
79% had a history of drug anaphylaxis. The median state anxiety score was 36.5 (30—47.2), while the
trait anxiety score was 37 (32—48). State anxiety was higher in those with severe than mild allergy
[39 (32-50) vs. 30 (25-37); p < 0.001], with the highest score found in a patient with previous drug
anaphylaxis (42.5 [32-51.7]). More than 50% of patients reported that being in a protected setting had
lowered their anxiety. Severe allergy is associated with a higher burden of situational anxiety in the
setting of vaccination without affecting patient constitutional (trait) levels of anxiety. Vaccination in
dedicated facilities might overcome issues related to hesitancy and improve patients” quality of life.

Keywords: vaccine; COVID-19; SARS-CoV-2; allergy; anxiety

1. Introduction

Anaphylaxis and severe allergic reactions constitute life-threatening events occurring
with an estimated incidence of 4-5 cases per 100,000 persons per year [1]. Severe allergy
survivors also face long-term psychological sequelae affecting their quality of life [1-3].
These subjects often develop a generalized sense of insecurity and anxiety, and they tend to
be wary about changes in their medication and the administration of new drugs [3].

This might pose a relevant challenge in the setting of the ongoing severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) pandemic, which has prompted mass exposure
to a vast array of newly developed treatments and vaccines [4].

True systemic hypersensitivity against vaccine is rare. For the Pfizer/BioNTech
BNT162B2 COVID-19 vaccine, it occurs in 11.1 cases per 1 million doses [5]. Further-
more, 80% of patients with hypersensitivity reactions (HRs) to vaccines had a history of
positive allergic reactions to food, drugs, or insect sting [6]. According to the European
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Academy of Allergy and Clinical Immunology (EAACI), only patients with an established
allergy to vaccine components have an absolute contraindication to vaccination [7]. Still,
a relevant number of people have been inappropriately considered at-risk, and allergists
have been insofar fundamental in assessing and identifying actual at-risk subjects [8]. As an
example, in Hong Kong, allergist-led vaccination sessions had a vaccine recommendation
rate of 98.9%, compared to 81% in the non-allergist-led one [9].

Nevertheless, people with a history of severe allergy should be vaccinated by staff
able to recognize and treat allergic reactions [5]. In Italy, national guidelines recommend
vaccination in a “protected setting” consisting in a medical center with dedicated staff
and prolonged surveillance for these patients in order to protect their safety. Patients can
receive indication directly from their allergist or can be referred by standard vaccination
centers if deemed necessary, usually having a history of previous anaphylaxis, multiple
drug reaction, previous suspected hypersensitivity reaction to COVID-19 vaccines (but
negative skin tests to excipients), severe or uncontrolled asthma or chronic spontaneous
urticaria (CSU) [10-12].

However, in the context of these “protected settings”, allergists could also have a role
in overcoming vaccine hesitancy by this special population [13].

In this study, we aimed to investigate anxiety levels of patients with a history of
severe HR undergoing vaccination in “protected settings”: we have compared state and
trait anxiety levels between a Severe Allergic Group (SAG) and a group constituted by
subjects with mild allergic background (Mild Allergic group = MAG). We also evaluated
the potential effects of vaccination-protected setting on psychological well-being.

2. Materials and Methods
2.1. Patients and Procedures

We studied a cohort of consecutive allergic patients being referred to dedicated vaccina-
tion facilities at IRCCS San Raffaele Hospital (Milan, Italy) and Legnano Hospital (Legnano,
Milan, Italy) from 8 October 2021 to 13 April 2022. Patients referred to these facilities had
been deemed at risk for vaccine-related HRs [10] by either their allergist or a standard
vaccination center. Enhanced safety measures included trained personnel for prompt resus-
citation and prolonged post-vaccine observation for one hour. According to the provisions
of our Hospital Institution, all subjects received the BNT162b2 (Comirnaty®) vaccine.

Based on clinical history, patients were subdivided first into SAG or MAG groups.
SAG patients had a history of anaphylaxis or severe HR to drugs, foods, or insect stings
(defined as grade two or higher of the word allergy organization classification [14]). MAG
included patients with no severe allergic history (non-severe food allergy, well-controlled
asthma or CSU, rhinitis/conjunctivitis, atopic dermatitis, and allergic contact dermatitis).

Next, we performed a second analysis by dividing our population into a Severe Drug
Reaction (SDR) group and a non-SDR group in order to ascertain the specific role of drug
allergy history.

Data collection was performed in the post-vaccine observation timeframe through an
anonymous questionnaire. The questionnaire was designed in compliance with the Euro-
pean Commission guidelines for anonymization in such a way that patient identification
was impossible for the investigators or other subjects [15]. For these reasons, the study
did not require formal approval by the local Institutional Review Board. Collected data
included patient demographics (gender, age range), general clinical history (comorbidities,
ongoing therapies), and allergic history (previous severe reaction to vaccines or drugs,
foods, insect stings, and respiratory or contact allergy). The number and type of previous
anti-SARS-CoV-2 vaccines were also recorded. Anxiety was measured through the STAI-Y
questionnaire. STAI-Y is a validated questionnaire, initially devised in 1970 and later
revised in 1983 by Spielberger, one of the most used tools to analyze anxiety in medical
research [16]. It provides a quantitative measurement of anxiety, separately analyzing the
habitual proneness to anxiety (trait anxiety) and the in-the-moment anxiety to a specific
event (state anxiety) [16]. Each section comprises 20 items, presented in both positive and
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negative forms, graded 1 to 4, with a total score ranging from 20 to 80. Higher scores are
positively correlated with higher levels of anxiety; a cut-off score >39, as suggested by the
literature, has been used to define clinically significant anxiety symptoms [17]. Patients
were also asked whether having been referred to a dedicated facility had made them feel
more or less anxious about vaccination.

2.2. Statistical Analysis

Shapiro-Wilk normality tests were performed to assess whether continuous variables
had or not a normal distribution. Due to the non-normal distribution of continuous vari-
ables, non-parametric tests were employed. Correlation between continuous variables
was performed with Spearman’s test. Mann-Whitney’s U-test was used to compare con-
tinuous variable trends between groups. The distribution of categorical variables among
groups was compared using the Chi-square test with Fisher’s exact correction. Continuous
variables are expressed as median (interquartile range, IQR) unless otherwise specified.
Categorical variables are reported as absolute numbers (percentages). RStudio 4.2.1. and
JASP 0.16.0.0 were used for statistical analysis.

3. Results

SAG and MAG encompassed 89 and 27 subjects, respectively. In the SAG, 86% were
women, and the most represented age range was 55-59 years. 78% of them reported
previous drug anaphylaxis, and 56% food anaphylaxis. Allergic comorbidities (rhinitis,
atopic dermatitis, asthma, pollen-fruit syndrome) were present in 67% of SAG and 56%
of MAG. However, except for a history of food allergy, no significant differences were
detected between SAG and MAG regarding the prevalence of allergic comorbidities. The
demographic and clinical features of patients are shown in Table 1. SDR e non-SDR
encompassed 69 and 47 patients, respectively. Demographic and clinical features of patients
are shown in Table S1). Symptoms during post-vaccine observation were reported by 12.9%,
but only 4.3% were suggestive of HR. In detail, four patients reported local pain in the
injection site, four patients reported skin rash, one diffuse pruritus, one “oral itching”, one
headache, one heartburn, and one had a hypertensive episode. None of them reported
systemic HRs or other any other severe adverse effect.

Table 1. Demographic and clinical features. Abbreviations: (HR) = Hypersensitivity reactions;
(AD) = atopic dermatitis; (ACD) = allergic contact dermatitis; (CSU) = chronic spontaneous urticaria;
(SPT) = Skin Prick Test; AntiH1 = antiH1 antihistamine; (STAI) = State-Trait Anxiety Inventory;
(IQR) = Interquartile range, (NA) = not applicable.

Total Sample Severe Allergic Group  Mild Allergic Group p
N (100%) 116 (100) 89 (77) 27 (23) NA
Females: n (%) 90 (78) 76 (86) 15 (51) <0.010
Age Class: median (IQR) 47 (37-57) 47 (37-57) 47 (32-57) ns
Drug anaphylaxis: n (%) 70 (60) 70 (79) 0(0) <0.001
Drug HRs > 2: n (%) 49 (42) 49 (56) 0(0) <0.001
Food anaphylaxis: n (%) 43 (37) 42 (48) 0(0) <0.001
Allergic comorbidities: n (%) 75 (66) 59 (67) 15 (56) ns
Rhinitis /conjunctivitis: n (%) 37 (32) 30 (34) 7 (26) ns
Asthma: n (%) 33 (28) 26 (30) 7 (26) ns
AD: n (%) 33 (28) 27 (31) 5(22) ns
ACD: n (%) 29 (25) 27 (30) 2(7) <0.050
CSU: n (%) 12 (10) 9 (10) 3(11) ns
Food allergy: n (%) 47 (41) 42 (48) 5 (22) <0.050
Hymenoptera allergy: n (%) 18 (16) 19 (22) 3(11) ns
Positive SPT: n (%) 60 (52) 51 (57) 9 (33) <0.050
AntiH1 therapy: n (%) 49 (42) 39 (44) 10 (37) ns
Inhaled asthma therapy 25 (21) 19 (21) 6 (22) ns
Comorbidities: n (%) 19 (16) 16 (18) 3(11) ns
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Table 1. Cont.

Total Sample Severe Allergic Group  Mild Allergic Group 4
Dose 1: n (%) 16 (14) 12 (14) 4 (15) ns
Dose 2: n (%) 46 (40) 36 (41) 9(33) ns
Dose 3: n (%) 52 (45) 38 (43) 14 (52) ns
Symptoms: n (%) 15 (13) 13 (15) 2(7) Ns
STAl-state: median (IQR) 36.5 (30.0-47.2) 39.0 (32.0-50.2) 30. 0 (24.5-36.5) <0.050
STAI-trait: median (IQR) 37.0 (32.0-48.0) 37.50 (32.0-48.0) 37.0 (31.5-47.0) Ns

Regarding the psychological impact of vaccine administration in a “protected setting”,
60.3% answered that it made them feel less anxious, while only 9.4% were more anxious due
to the hospital setting. Among the subgroup of patients with previous drug anaphylaxis,
a significantly higher number of patients (71% in SDR vs. 50% in non-SDR, p = 0.015)
reported that being in a “protected setting” made them feel less anxious (Figure S1).

Regarding the assessment of anxiety with the STAI-Y questionnaire, we found a
statistically significant correlation between state anxiety and trait anxiety (rho = 0.580,
p = 0.001). Gender did not correlate with a difference in anxiety level, while age range had
a negative correlation with both state p = 0.033, rho = —0.200) and trait anxiety (p = 0.030,
rho = —0.200), meaning that younger patients were more anxious than older patients both
in general and during vaccination (Figures S2 and S3). SAG subjects had significantly
greater post-vaccination state anxiety than subjects who reported no severe reactions in
their history (p < 0.001). This trend was replicated in the SDR group (p < 0.001), where
the difference between median state anxiety SDR and non-SDR (42.5 IQR [32-51.7] vs.
32.5 IQR [28-37.7]) was even greater than between SAG and MAG (39 [IQR 32-50] vs.
30 [IQR 24.5-36.5]). Moreover, both SAG and SDR groups had a median state anxiety level
that was clinically significant. However, no significant differences in trait anxiety either
between SAG and MAG or between SDR and the non-SDR group were found (Figure 1).
Of note, subdividing patients according to the number of previous COVID-19 vaccinations
yielded no significant differences in state or trait anxiety levels.

STATE ANXIETY TRAIT ANXIETY
== P<0.001 P<0.001 P=0.55 P=0.11

60

B MAG B spr B Non-SDR
c D

A

Figure 1. (A) State anxiety levels according to the STAY-Y tool in SAG and MAG. (B) State anxiety
levels according to the STAY-Y tool in SDR and non-SDR groups. (C) Trait anxiety levels according to
the STAY-Y tool in SAG and MAG. (D) Trait anxiety levels according to the STAY-Y tool in SDR and
non-SDR groups. p values are shown on each of the graphs. The dotted line represents the clinical
cut-off to define relevant anxiety level (>39). Using the STAY-Y tool, we assessed the anxiety level of
subjects undergoing COVID-19 vaccination. First of all, we observed that patients with severe allergy
background have a higher anxiety level during vaccination (39 IQR [32-50] vs. 30 IQR [24.5-36.4]),
and the difference was even more evident in subjects with previous severe drug allergy (42.5 IQR
[32-51.7] vs. 32.5 IQR [28-37.7]). On the contrary, no difference was observed in their trait anxiety
(usual properness toward anxiety) between SAG and MAG (37.5 IOR [32.0-48.0] vs. 37 IQR [31.7-47)
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or between the SDR group and the non-SDR group (40 IQR [32-49] vs. 36 IQR [31.5—46]). Of note,
39 is usually used as the cut-off to define a relevant state or trait anxiety, so it appears that MAG
and non-SDR groups in the median did not have a relevant anxious state during vaccination, while
both SAG and SDR groups presented with clinically relevant anxiety. SAG = severe allergy group;
MAG = mild allergy group; SDR = severe drug reaction.

Other clinical features, such as atopy, CSU, and non-allergic comorbidities, were not
associated with different levels of anxiety. Anxiety did not correlate with the onset of
post-vaccination symptoms either in SAG or in MAG.

4. Discussion

Widespread vaccination against COVID-19 represents the current goal of public health.
Allergists have been central insofar in order to define the minority of patients with con-
traindications to vaccination. Furthermore, as stated in the EAACI position paper, allergists
should reassure patients with a severe allergic background in order to increase their com-
pliance toward vaccines [5]. The so-called “infodemic”, i.e., uncontrolled spreading of
inflated news and fake news regarding COVID-19, has heightened anxiety concerning
vaccine safety [18,19]. Anxiety has, in turn, long been regarded as an important issue in the
allergic population due to the known long-lasting harmful effects on psychological balance
observed in anaphylaxis survivors a [3].

Yet, the link between anxiety and allergy and their clinical consequences is complex
and not entirely explored. Several researchers reported a pathophysiological link between
anxiety and the onset of nocebo reactions. Higher anxiety states correlate whit nocebo
during drug provocation tests [20,21]. Nocebos, in turn, can affect 78% of adverse re-
actions to anti-COVID-19 vaccines, according to a recent meta-analysis of randomized
controlled trials [22].

Our study aimed to explore in detail the relationship between anxiety and allergy
in the context of COVID-19 vaccination. Our data confirmed the correlation between a
history of a severe allergic reaction, especially, to drugs, and anxiety. Specifically, we found
that patients with severe allergies had a higher state anxiety score compared to patients
with mild allergies. We also observed a non-significant trend towards higher levels of trait
anxiety in patients with a severe allergy. The association between severe allergy and state
anxiety was particularly strong in SDR patients.

On the other hand, the majority of subjects (especially those with a severe allergic
background) felt reassured by an allergist-led protected setting. This highlights the impor-
tance of considering the psychological profile of allergic vaccinees and supports the role of
allergists in overcoming vaccine hesitancy.

To our knowledge, the relationship between anxiety and allergy has not previously
been evaluated in the context of COVID-19 vaccination. Nonetheless, our study does
have limitations. First, our population was only constituted by allergic patients (both
mild and severe) since, by definition, only this population was directed to our protected
vaccinal sessions. Still, our aim was to describe the impact of anxiety in severely allergic
patients, and therefore MAG represented a reasonable study comparator. In fact, significant
differences were observed between these groups. Second, clinical and demographic data
were self-reported and anonymized, preventing post hoc validation of acquired data
or extension beyond predefined analyses. However, patient referral to vaccination in a
protected setting was based on a physician review of individual clinical data. Third, while
the STAY questionnaire is a validated and widely used tool in medical research, it does
not cover the whole spectrum of anxiety and could underestimate the impact of some
confounding factors. Moreover, we did not collect data about patient education level
and knowledge or beliefs about vaccines or drugs. However, we detected no significant
difference in state anxiety by vaccine dose number (i.e., primary cycle or booster doses).
This could imply that even vaccine experience does not affect vaccine-related anxiety.
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Fourth, the patient sample size was relatively small, and there was no long-term follow-up,
limiting the detection of infrequent or delayed events and potential correlation with anxiety.

5. Conclusions

In summary, we showed how patients with a severe allergic background, especially se-
vere drug allergy, have a significant psychological burden and concern about new vaccines.
A protected setting led by an allergist not only could be effective in ensuring vaccination
safety in patients with clinically relevant allergic history [8] but could also increase patient
compliance toward vaccinations.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/vaccines10122047 /s1, Figure S1: Answers to “Do you think that
protected setting made you feel More Anxious, Less anxious or had no impact on your anxiety?”
in the different subgroups; Figure S2: correlation between age range and state anxiety; Figure S3:
correlation between age range and trait anxiety. Table S1: Demographic and clinical features.
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Abstract: (1) Background: Vaccine safety is an important topic with public health implications on a
global scale. The purpose of this study was to systematically review available literature assessing
sensorineural hearing loss (SNHL) incidence and severity following both coronavirus disease 2019
(COVID-19) and non-COVID-19 vaccinations, as well as prognosis and outcomes. (2) Methods:
This systematic review was performed according to the Preferred Reporting Items for Systematic
Review and Meta-Analysis guidelines. Relevant publications evaluating post-vaccination SNHL
were selected from PubMed and Embase, searching from inception to July 2023. (3) Results: From
11 observational studies, the incidence of post-vaccination SNHL was low for both COVID-19 and
non-COVID-19 vaccines, ranging from 0.6 to 60.77 per 100,000 person-years, comparable to all-cause
SNHL. (4) Conclusions: The incidence rates of SNHL following COVID-19 and non-COVID-19
vaccinations remained reassuringly low. Most patients experienced improved hearing function
in the weeks to months following vaccination. This study underscores the importance and safety
of vaccinations and encourages ongoing surveillance and detailed reporting of hearing loss cases
post-vaccination.

Keywords: vaccine; vaccination; hearing loss; hearing impairment; deaf; deafness

1. Introduction

Vaccination is one of the best public health interventions in modern times. Vaccines
have successfully eradicated debilitating diseases such as smallpox and have also dramati-
cally reduced the incidence rates of other major diseases such as polio and measles [1,2].
Annually, vaccinations are estimated to save 2-3 million lives [1]. With rapidly advancing
scientific technologies, almost 30 microorganisms can be targeted with up to 70 vaccines
and counting [3].

Since 1796, when Edward Jenner invented the first vaccine against smallpox, vaccina-
tions have saved millions of lives and are indispensable in a physician’s arsenal against
microbiological diseases. Most recently, the vaccine has once again been relied upon,
specifically for the novel coronavirus, severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2). The World Health Organization (WHO) declared coronavirus disease 2019
(COVID-19) a pandemic on 11 March 2020, and great efforts were invested in producing an
effective and safe COVID-19 vaccine [4]. Studies have shown that COVID-19 vaccination
has also been pivotal in reducing the morbidity and mortality of COVID-19 patients [5].

Vaccine hesitancy is dangerous and not unique to COVID-19 vaccinations. Concerns
about vaccine side effects are the second most common reason driving reluctance to take
COVID-19 vaccinations [6,7]. Public concern about vaccine safety is expected and under-
standable. The WHO identified “reluctance or refusal to vaccinate despite the availability of
vaccines” as one of the 10 threats to global health in 2019 [8]. Similarly, measles outbreaks
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in the United States (where endemic measles is eradicated) are largely contributed by
intentional refusal to vaccinate [9]. It is estimated that a 5% decline in measles, mumps,
and rubella (MMR) vaccine coverage in the United States would result in an estimated
three-fold increase in measles cases for children aged 2 to 11 years annually [10]. This
warning sign is found with pertussis, where vaccine hesitancy was linked to an increased
risk for pertussis in some populations studied [9].

With the widespread uptake of COVID-19 vaccinations worldwide, otolaryngologic
practices saw an increase in the number of anecdotal reports of sensorineural hearing loss
(SNHL) post-vaccination [11-13]. Specialists in this field encounter increasing challenges
in the counseling of such patients who report a temporal association of hearing loss post-
COVID-19 vaccination, particularly in terms of the incidence, severity, and prognosis of the
hearing loss.

SNHL is defined by the American Academy of Otolaryngology-Head and Neck
Surgery as an acute 30 dB hearing loss across three consecutive frequencies as confirmed by
audiometry [14], while hearing loss severity is graded based on pure tone audiogram hear-
ing ranges (Table 1) [15]. In this paper, the definition of SNHL is expanded to include 26 dB
hearing loss as per Clark et al.’s severity grading and SNHL diagnoses made by clinicians
within the individual studies [15]. The annual incidence of SNHL was on average 27 per
100,000 person-years and ranges from 11 to 77 per 100,000 persons per year, depending on
age [16]. There are various plausible etiologies for acquiring SNHL, including age-related,
noise-related, drug-related, infection/inflammation, trauma, tumors, systemic disorders,
vascular disorders, and vaccine-related [17].

Table 1. Severity of hearing loss based on audiogram metrics.

Hearing Range dB
Normal —10-25
Mild 26-40
Moderate 41-55
Moderately Severe 56-70
Severe 70-90
Profound 91+

dB: decibel.

The pathogenesis of how the COVID-19 vaccination causes hearing loss is not well
understood. Proposed explanations include both the mRNA payload and the lipid nanopar-
ticle delivery vehicle causing auto-immunogenicity [18] as well as the production of im-
munoglobulin G 10-14 days after vaccine administration, which coincided with SNHL
10-14 days after the vaccination.

A systematic review of the available current literature was therefore conducted to
review the incidence and severity of sudden sensorineural hearing loss post-COVID-19 and
non-COVID-19 vaccinations. We studied vaccines against hepatitis B, diphtheria, tetanus,
measles, mumps, rubella, rabies, and influenza. We aimed to characterize this phenomenon
further to guide clinical practice for all physicians, ranging from primary care physicians
to otolaryngological clinical practitioners, so that physicians can provide public health
messaging to minimize vaccine hesitancy. It is imperative to be up-to-date and transparent
about the safety of vaccinations to best promote awareness and ultimately widespread
acceptance of vaccines [19].

2. Materials and Methods

The study has been registered with PROSPERO (registration number: CRD42023441395).
This systematic review was performed according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines. A comprehensive search of
PubMed (pubmed.ncbi.nlm.nih.gov, accessed on 30 July 2023) and Embase (embase.com,
accessed on 30 July 2023) was conducted to identify the relevant literature (Figure 1).
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Identification of studies via databases and registers

s
c
2 Records identified from: Records removed before screening:
3 PubMed (n= 444) 5 Duplicate records removed:
£ Embase (n=277) (n=157)
]
3
—
— :
Records screened: Records excluded: Vaccination and hearing-
(n=564) > related adverse events not studied (Exposure of
interest)
(n=523)
E Reports sought for retrieval: »| Reports not retrieved:
S (n=41) (n=0)
=3
2]
Reports e)_(cl_uded: )
Reports assessed for eligibility: Pre-existing hearing loss secondary to
(n=41) otolaryngology pathology (n=2)
Full text not available or published in English
language (Language) (n=3)
Literature review, Systemic reviews, Case
— reports Commentary (Type of publication)
— (n=31)
5 Insufficient information on patient. (n=1)
S Studies included in review:
=
T:’ (n=11)

Figure 1. PRISMA flow diagram.

The keywords included “vaccine” and “vaccination” AND “hearing loss”, “deaf”, and
“deafness”. There was no limit to the timeframe of the search, which was performed on
30 July 2023.

The search produced a list of 561 unique articles. Screening of titles and abstracts was
conducted, with analysis of the full texts if there were any doubts as to the suitability of
the work for inclusion. We included all observational studies with a description of hearing
loss, including those where quantitative audiogram measurements were not listed. A key
exclusion criterion included the study population, which already had pre-existing otologic
disorders affecting baseline hearing. We have filtered the number of papers to 11.

A qualitative review of the included studies was then performed to uncover a general
understanding of the associations of vaccine exposure with hearing loss, as well as the
incidence and severity. In addition, interventions to manage hearing loss after vaccination
as well as patients” outcomes were studied.

In our carefully selected observational studies, we reviewed the incidence or preva-
lence of hearing loss in patients receiving COVID-19 and non-COVID-19 vaccinations.
Additional data fields extracted from the full-text documents included the following: pa-
tient demographic, vaccine type, number of patients who received the vaccine, time of
onset of SNHL since vaccination, associated symptoms, and treatment initiated. XWL,
YQCO, and ZHMT did the full text screen and data extraction. XWL and ZHMT assessed
observational studies for bias using ROBINS-I (Table 2). Any discrepancies were solved
through discussion with the senior author, KCS.
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3. Results

Out of 444 studies extracted from PubMed and 277 from Embase, we have included
11 observational studies. The PRISMA flowchart is displayed in Figure 1, and the quality
evaluation results are displayed in Table 2.

From Table 2, bias across observational studies is mostly “moderate” overall. This is
largely due to reporting bias from electronic records, with minimal to no effort in reducing
confounders in analysis. Larger observational studies utilize self-reporting systems, as seen
with the Vaccine Adverse Event Reporting System (VAERS) in the United States [20,24-26]
and national healthcare registries in Finland [28], Israel [27], and France [29]. Therefore,
reporting bias remains a problem in interpreting the results. Furthermore, confounders
play a large role in data analysis, especially when various other demographic and medical
factors have to have a direct impact on SNHL, such as cardiovascular risk factors [30].
While the bias has been evaluated as “moderate”, we continued to include these studies
due to the fulfillment of our inclusion criteria after filtering from database searches, and we
believe they contribute to the available body of evidence pertaining to the limited study of
post-vaccination SNHL.

3.1. Observational Studies of COVID-19 Vaccines

A total of nine observational studies focused on COVID-19 vaccines (Table 3). The
COVID-19 vaccines available use mRNA (e.g., manufactured by Pfizer or Moderna), vi-
ral vector-based (e.g., manufactured by Johnson and Johnson), or inactivated vaccine
platforms (e.g., manufactured by Sinovac or AstraZeneca). A majority of studies evalu-
ated mRNA-based vaccines only [11,27,29], while others also included viral vector-based
vaccines [24-26] and inactivated virus vaccines [22,28] in their studies.

Generally, all nine studies showed that the incidence and prevalence of SNHL associ-
ated with COVID-19 vaccination were very low, even across different demographics and
vaccine types. A range of incidence in large-scale studies can be appreciated, from as low
as 0.6 to 28.0 cases per 100,000 person-years. For Yanir et al.,, however, a study carried
out on the Israeli population suggested an increasing trend of SNHL post-vaccination as
compared to previous years prior to the vaccination [27]. The paper found an increasing
incidence rate (IR) of 60.77 (95% CI, 48.29-73.26) per 100,000 person-years post-COVID-19
vaccination as compared to previous reference years prior to COVID-19 vaccination, which
demonstrated an IR of 41.50 (95% CI, 37.98-45.01) per 100,000 person-years in 2018 and
44.46 (95% Cl, 40.85-48.07) per 100,000 person-years in 2019.

The range of prevalence appears to be wide, ranging from as low as 0.00324% in Yanir
et al.’s study to 3.85% in Wichova et al.’s study [11,27]. While smaller-scale observational
studies conducted by Wichova, Filippatos, and Avci [11,22,23] demonstrated a higher preva-
lence of SNHL, beginning at 0.2% in Filippatos et al.’s study [23], the larger observational
studies from the USA, Finland, France, and Israel show that the nationwide prevalence
of SNHL is reassuringly low, with the highest prevalence being 0.0142% in Nieminen’s
study [28].

Most studies did not specify the severity of SNHL or discuss more about the recovery
and prognosis of those who did suffer from SNHL. Uniquely, hearing loss after COVID-19
vaccination was seen in 1.2% of patients with COVID-19 infection in the past 6 months, as
compared to only 0.1% of patients without COVID-19 infection [22].
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3.2. Observational Studies on Non-COVID-19 Vaccines

Only two large-scale observational studies studied non-COVID-19 vaccines and SNHL.
Asatryan et al. studied the measles, mumps, and rubella (MMR) vaccine, and Baxter et al.
studied the influenza, tetanus, reduced diphtheria, reduced acellular pertussis, and zoster
vaccines [20,21].

In Asatryan et al., the incidence of hearing loss reported after vaccination (1 per
6—8 million doses) appears to be substantially rarer than that seen after natural measles or
mumps infection (1 per 20,000 infections) [20]. For Baxter et al., across 7 years of follow-up
and over 23 million vaccines, patients with the development of SNHL were not associated
with immunization [21]. The severity of SNHL was not described in these two studies.

4. Discussion
4.1. Overview of Results

This comprehensive systematic review of COVID-19 and non-COVID-19 vaccinations
and SNHL aims to better elucidate the complications of administering such vaccines. With
ongoing controversy about the effectiveness and safety of vaccines, especially amongst
population groups advocating against vaccinations, it is the duty of the medical and
scientific community to keep everyone informed on the most accurate and up-to-date data
on vaccine safety.

In this systematic review, we found that both the incidence and prevalence of SNHL
after COVID-19 vaccinations were low, corresponding to a low disease burden and pressure.
The incidence range of SNHL is low, ranging from 0.6 to 60.77 per 100,000 person-years
across various cohort studies, and very few case reports on SNHL exist relative to the large
number of vaccines administered. In large-scale observational studies, the incidence from
all papers reviewed demonstrated that the incidence of SNHL was mostly compatible with
the average annual incidence of 27 per 100,000 person-years for all causes, as reported by
Alexander et al. in 2013, studying 60 million patients from the United States (US) across
2006-2007 [16]. In nationwide studies conducted in the US, Formeister et al. reported an
incidence ranging from 0.6 to 28.0 cases per 100,000 person-years, whereas Chen reported an
incidence of 6.66 per 100,000 person-years [24,25]. Similarly, the Finnish study by Nieminen
et al. shows an incidence of 21.2 to 22.1 cases per 100,000 person-years, depending on which
vaccine was used [28]. Thai-Van et al.’s study similarly demonstrated a small incidence of
1.45 or 1.67 reports per 1,000,000 vaccinations [29]. These large-scale observational studies
are in keeping with the average annual incidence of 27 per 100,000 person-years from
all causes.

However, there exists an exception in Yanir’s study on the Israeli population in 2022
where the incidence ratio (IR) of SNHL after COVID-19 vaccines was a high of 60.77 (95%
ClI, 48.29-73.26) per 100,000 person-years, averaged across age groups, and this was compar-
atively higher than the other observational studies [27]. Across age, the IR increased from
22.44 to 150.53 per 100,000 person-years from age groups 16—44 to patients older than 65.
Similarly, Alexander’s study also revealed an increasing incidence of SNHL with age, from
11 per 100,000 for patients younger than 18 years to 77 per 100,000 for patients 65 years and
older, and established a positive correlation between age and the incidence of sensorineural
hearing loss, which is in keeping with Yanir’s study [16,27]. Additionally, Yanir’s relatively
high IR of SNHL is also found in previous reference years prior to the COVID-19 pan-
demic in the same paper: 41.50 (95% CI, 37.98-45.01) per 100,000 person-years in 2018 and
44.46 (95% CI, 40.85-48.07) per 100,000 person-years in 2019, suggesting that the baseline
incidence of SNHL in the Israeli population is already above the average proposed by
Alexander [16,27]. Yanir noted in his study that people who were vaccinated were older
and may be sicker than the reference population, with a mean age of 46.8 &= 19.6 years [27].
Many reasons account for this higher IR of post-vaccination SNHL in Yanir’s cohort relative
to similar studies [27]. These include the inherent differences between the Israel population
and other study populations and many health confounders that were not accounted for.
In particular, Yanir noted that cardiovascular risk factors as well as coagulation disorders,
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which are themselves risk factors for SNHL, were not accounted for in the study and stated
that the lack of data detailing the health characteristics of the exposure group was a serious
limitation [27]. Additionally, Alexander’s incidence, used as a reference in this paper, was
calculated with patients from 20062007, and changes in health-seeking behavior over time
could be attributed to the stark difference [16]. Fortunately, Yanir’s study concludes with
a small attributable risk (AR) to post-vaccination SNHL, with the highest AR of 3.74 per
100,000 vaccinees, and concludes that the influence on public health would be relatively
minor [27].

In smaller observational studies ranging from 500 to 1710 participants, the incidence
of SNHL was not reported, and there was no period of follow-up in those studies. Hence,
these studies were not taken into account when reviewing the incidence.

All observational studies on COVID-19 vaccines showed that the incidence of SNHL
associated with COVID-19 vaccination is reassuringly low, even across different demograph-
ics and vaccine types (Table 3). Similarly, the two studies on non-COVID-19 large-scale
vaccination campaigns, such as the live attenuated MMR vaccine, the inactivated influenza
vaccine, tetanus, reduced diphtheria, and reduced acellular pertussis (Tdap) vaccine, as
well as the zoster vaccine, also did not demonstrate an increased incidence of SNHL in the
general population (Table 4) [20,21].

The prevalence of SNHL after the COVID-19 vaccination appears reassuringly low
as well. For the large-scale observational studies, the three studies comparing SNHL to
the number of participants affected reflect a small range of prevalence from 0.00350% to
0.0142%. Nieminen’s Finnish study reflected the highest prevalence, where 0.0142% of
participants were found to have SNHL after the Pfizer-BioNTech COVID-19 vaccination [28].
Chen’s study follows next, with a prevalence of 0.00666% [24]. Lastly, Yanir’s Israeli study
had the lowest prevalence of 0.00350% after the first dose of the COVID-19 vaccination [27].

For the other two large-scale observational studies comparing SNHL to the number
of doses, the prevalence of SNHL was low as well. In Formeister’s study, the prevalence
was 0.16 cases per 100,000 doses for both the Pfizer-BioNTech and Moderna vaccines and
0.22 cases per 100,000 doses for the Janssen/Johnson and Johnson vaccine [25]. In Thai-
Van's French study, the prevalence ranges from 0.000128% to 0.000145%, depending on the
vaccine used [29].

In Guo’s study comparing the adverse effects of the COVID-19 vaccination, the preva-
lence of deafness and hypoacusis only accounted for a small percentage, with 809 incident
reports of deafness and 781 reports of hypoacusis out of 717,577 reported vaccination ad-
verse effects [26]. Both account for only 0.1% of all vaccination adverse effects. Hence, even
the prevalence of hearing loss within the pool of reported adverse effects post-COVID-19
vaccination is extremely low.

The prevalence of SNHL after COVID-19 vaccination in smaller observational studies
appears to be significantly higher. In Filippatos’ study of 502 healthcare workers, there was
one case of SNHL, leading to a prevalence of 0.2% [23]. In Avci’s study of 1710 healthcare
workers, there were five reports of SNHL, giving a prevalence of 0.3%. Lastly, in Wichova's
study, 40 of the 1641 patients and 51 of the 1325 patients who visited the clinic, respectively,
in 2020 and 2021, were found to have clinically diagnosed SNHL, giving a prevalence of
2.44% (in 2020) and 3.85% (in 2021) [11,22]. While these prevalences appear to be higher than
those reported in the large-scale observational studies, this can be largely accounted for due
to a small sample size, which does not accurately represent the entire population, as well
as selection bias. Avci’s and Filippatos’ studies were carried out exclusively on healthcare
workers, which is epidemiologically not representative of the general population [22,23].
For Wichova’s study, it too follows that there would be a proportionally greater number of
individuals presenting at otolaryngologic clinics or participating in interviews who have
hearing loss as compared to the general population, creating a selection bias [11]. The
results may also be confounded by predisposing otolaryngologic pathologies, which may
explain the hearing loss.
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From the above, there does not appear to be a correlation between SNHL and COVID-
19 vaccination, with the incidence as well as prevalence of SNHL post-vaccination being
low across many large observational studies on different geographical populations. As
such, the burden of SNHL post-vaccination, if any, is low and will likely remain low in
time to come.

While incidence remained low across time and between countries, an observational
study by Wichova et al. noted a pattern of increase in incidence since the pandemic [11].
Following the pandemic onset in early 2020 to the present, there has been a clear increase
in this diagnosis, with a more than two-fold increase to 2.44 and 3.85% in 2020 and 2021,
respectively. While an increased incidence does not by itself prove causation, the trend here
does bring up concern that in some patients, there may be a post-vaccination change in
hearing. One study compared the incidence of SNHL between the different vaccines [24].
Chen et al. identified increased risk for hearing disorder following administration of
COVID-19 vaccines (both mRNA and virus vector) compared to influenza vaccination in
real-world settings [24]. While incidences within each vaccine remain low and insignif-
icant, the inter-vaccine differences could hold immunologic and biological mechanisms
to uncover.

Our systematic review also explored the frequency and distribution of age in SNHL
post-vaccination by comparing the mean age as well as the age range of the study pop-
ulations at the time of vaccination. One intriguing aspect of this discussion is the trend
observed in some studies, suggesting a rise in the age of individuals experiencing SNHL
post-COVID-19 vaccination. Publications reported that the mean age at the time of vaccina-
tion is most prevalent in individuals greater than 45 years old [11,23,25,27,29,31,32]. This is
consistent with the health patterns of the general population, in which SNHL prevalence
increases with age. It is essential to consider age-related hearing loss as a baseline, as older
adults may experience hearing loss coincidentally with receiving the vaccine, making it
challenging to establish a direct causation. This trend raises critical questions about the
interplay between age, vaccination, and hearing health.

There are various case reports and series on patients suffering from SNHL post-COVID-
19 vaccination. Most reported mild to moderate hearing loss with complete recovery after
corticosteroids, but there remained a handful reporting more severe SNHL, which had only
a partial response to treatment. However, these case reports and series were excluded from
our analysis, as these publications are primarily descriptive with no long-term follow-up
data. The level of evidence is low, and it is likely that these reports represent a biased
subgroup, where there is a risk of reporting bias. Our comprehensive study of observational
studies, on the other hand, offers a broader perspective by analyzing patterns and trends
across a larger population. This observational data provides a statistical basis to draw
conclusions about the prevalence and incidence of SNHL post-vaccinations spanning
across diverse demographics and may give a better perspective on the issue of SNHL in
light of these case reports. Nonetheless, case reports are invaluable for elucidating rare
conditions and atypical presentations of hearing deficits post-vaccinations. Kahn et al.
reported on an alarming case of a young, 20-year-old male with bilateral profound SNHL
as part of a multisystem inflammation and organ dysfunction of unknown mechanism after
administration of the Pfizer COVID-19 vaccine [31]. In this patient, acute stroke, pericardial
effusion and tamponade, pleural effusion, and acute kidney injury were described. This
detailed narrative provides a foundation for further investigation and sheds light on the
devastating, albeit rare, complications that can arise post-vaccination. Regardless, case
reports suggest that the prognosis for post-vaccination SNHL was generally favorable, with
frequent reversibility and partial to complete recovery in most cases.

4.2. Limitations of Our Study and Literature

Our systematic review has several limitations that should be acknowledged. For
each vaccine, the number of studies available is limited, with few observational studies.
Nevertheless, there is internal consistency in the overall conclusion of the papers included,
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and no prospective studies or randomized controlled trials exist for inclusion to dissuade
our conclusion.

Another limitation is the inadequate data presented in the included studies. On top
of the inherent bias of such articles evaluated as “moderate”, these large-scale studies do
not describe the severity, duration, and prognosis of SNHL post-vaccination. Importantly,
the time of onset from SNHL. Additionally, another limitation is that, as the above studies
are retrospective in nature, we cannot definitively conclude the causation between the
vaccination and SNHL. Hence, we would recommend large-scale randomized control trials
to support our theory and establish a more concrete understanding of the adverse effects
of vaccines. Future studies and trials of vaccine safety should specifically check for this
complication through objective hearing screening, with confirmation and data registration
with pure tone audiometry in symptomatic patients.

A special consideration highlighted is the use of COVID-19 vaccines in a patient who
previously contracted the COVID-19 virus itself. Avci et al. showed that the incidence of
otolaryngology-specific symptoms such as hearing loss may be higher after inactivated
COVID-19 vaccination in patients who were already previously infected by COVID-19 [22].
It may be prudent to inform such patients of a potentially increased risk relative to the
general population before receiving an inactivated COVID-19 vaccine. The papers studied
in our systematic review did not stratify the population into patients with prior COVID-19
infection compared to those without, and this may be a significant confounder for further
researchers to elucidate its influence, even by non-COVID-19 infective agents.

Fortunately, there is nothing to suggest a direct association between SNHL and the
administering of vaccines themselves, and vaccination campaigns with strong uptake in
vaccination in the name of public health should continue to be encouraged. While there
could be a potential link between vaccinations and SNHL, the evidence is largely anecdotal,
and no correlation has been proven so far. Therefore, the benefit of mass vaccination in the
aftermath of the SARS-CoV-2 pandemic remains unchallenged. As physicians responsible
for the long-term health of our patients, information and the prognosis of the uncommon
SNHL are important for us to aid our patients. While the incidence is fortunately low, future
studies and reports on such complications should include detailed data on the illness for us
to minimize the debilitating effects that deafness could potentially have. Another nuance to
consider is that the available data primarily represents early post-vaccination periods, and
the long-term effects of vaccinations (especially novel ones like COVID-19 vaccinations)
on hearing loss are yet to be fully understood. Additionally, the heterogeneity of vaccine
types, dosages, and booster scheduling across the included reports further complicates the
interpretation of the findings.

4.3. Future Directions

Vaccine development, approval, and public acceptance are often a long process in
which up-to-date and comprehensive data on potential complications and adverse effects
is paramount to protecting society from diseases. We are relieved to have found low
incidences of post-vaccination SNHL. Subsequently, various suggestions are raised to better
elucidate the unknown variables. This can include more detailed logging of the severity
of SNHL as well as its recovery and prognosis. More factors (largely under-recorded)
with utility include the confounding effect of previously infected patients and various
permutations of vaccination status (in terms of the number of booster shots received and
duration between vaccinations). We theorize that deeper analysis of such factors can
uncover unknown associations with adverse effects of vaccinations to better direct vaccine
indications and even scheduling. We look forward to large-scale prospective randomized
controlled trials with meaningful stratification of age, sex, and medical co-morbidities to
conclude a causative effect more strongly between vaccinations and SNHL.
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5. Conclusions

In conclusion, this review of 11 observational studies demonstrated a minimal co-
relationship between vaccinations and SNHL. The incidence, prevalence, and hence burden
of SNHL post-COVID-19 vaccinations remain small across many different nations. The
majority of the observational studies report an incidence that falls within the average
annual incidence of SNHL of 27 per 100,000 person-years for all causes in a large US
study [16]. The prevalence of SNHL remains reassuringly low with the exception of small-
scale observational studies, which can be accounted for by sampling bias and selection bias.
Hence, the burden on SNHL is small and is likely to remain small with time.

Unilateral hearing loss seems to be more common than bilateral, and alert physicians
can rely on the speedy usage of steroids as a safe and reliable treatment for SNHL to likely
ameliorate patients” hearing impairment post-vaccination. Thankfully, the majority of
patients will return to their normal level of hearing within weeks or months. Vaccinations
and their protection for the global community strongly outweigh the weakly related otologic
complications. International collaboration between otolaryngologists, immunologists, and
vaccine researchers would further strengthen our knowledge in the area of post-vaccination
hearing loss.
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Abstract: Background: The administration of the third (or booster) dose of COVID-19 vaccine is
important in maintaining protection against SARS-CoV-2 infection or the severity of the disease. In
Indonesia, health care workers (HCWs) are among the first to receive a booster dose of the COVID-19
vaccine. In this study, we evaluated the antibody response and adverse events following heterologous
booster vaccine using mRNA-1273 among HCWs that were fully vaccinated with inactivated viral
vaccine as the priming doses. Methods: 75 HCWs at Dr. Soetomo General Hospital in Surabaya,
Indonesia, participated in this study. The level of antibody against the SARS-CoV-2 receptor binding
domain was analyzed at 1, 3, and 5 months following the second priming dose and at 1, 3, and
5 months after the booster dose. Results: We found a significantly higher level of antibody response
in subjects receiving a booster dose of the mRNA-1273 vaccine compared to those receiving an
inactivated viral vaccine as a booster. Interestingly, participants with hypertension and a history
of diabetes mellitus showed a lower antibody response following the booster dose. There was a
higher frequency of adverse events following injection with the mRNA-1273 vaccine compared to the
inactivated viral vaccine, although the overall adverse events were considered minor. Conclusions:
A heterologous booster dose using mRNA vaccine resulted in a high antibody response; however,
participants with hypertension and diabetes mellitus displayed a lower antibody response.

Keywords: COVID-19; vaccine; booster; comorbidity; antibody response; healthcare worker; adverse

event; mRNA vaccine; inactivated viral vaccine
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1. Introduction

The national vaccination program for Coronavirus Disease 2019 (COVID-19) in In-
donesia started on 13 January 2021 with health care workers (HCWs) being one of the first
groups of people receiving the vaccine. The success of the vaccination program among
HCWs is crucial to protecting them from the risk of contracting COVID-19 from their work.
Recent reports have shown a considerable high acceptance of the COVID-19 vaccine in
people from low- and middle-income countries (LMIC) [1]. However, other studies have
demonstrated a variability among HCWs in Asia and Africa in terms of willingness to take
the COVID-19 vaccine [2-4]. Our own observation of HCWs in two major hospitals in East
Java, Indonesia, indicated a high uptake of COVID-19 vaccination, i.e., more than 80% have
received two doses of vaccine within the first 3 months after vaccine roll-out [5].

The inactivated viral vaccine was the main type of vaccine used by the Indonesian
authorities at the beginning of vaccination. One of the inactivated SARS-CoV-2 vaccines,
CoronaVac, which was used in the national vaccination program, showed a very good level
of protection against severe COVID-19, hospitalization, and mortality [6,7]. However, recent
published data have demonstrated a waning of antibody levels and protection following
COVID-19 vaccination over time [8-11]. Observations on people who were vaccinated
with the mRNA vaccine have suggested a decrease in serum antibody levels by 38% in
each following month [9]. This might lead to an increase in the incidence of COVID-19
breakthrough infections, as reported elsewhere [11]. Despite a number of observations on
mRNA vaccines, there were fewer reports regarding waning immunity and the reduction
of antibody levels in people vaccinated with inactivated viral vaccines.

The importance of the COVID-19 vaccine booster is evident. It has been demonstrated
that a third (booster) dose enhanced both humoral and cellular immunity regardless of the
type of the priming doses and the type of the booster dose itself [12]. Moreover, the side
effects of booster doses seem acceptable, as shown by the relatively non-severe adverse
effects in people receiving booster vaccines, as reported in a previous publication [12].

We have evaluated the serum antibody levels against SARS-CoV-2 among HCWs in
East Java, Indonesia, following vaccination using inactivated virus. We observed a signifi-
cant increase in the serum antibody level [13]. However, we discovered that participants
with hypertension displayed lower serum antibody levels compared to those with normal
blood pressure [13].

In this present study we performed a follow up analysis of the same cohort of HCWs
as described above, who received a booster dose of SARS-CoV-2 vaccine at 5 months
following the priming dose. Most of the participants received the mRNA-1273 vaccine
(Moderna) as a booster dose following recommendations from the Indonesian Health
Authority, while a few of them opted to receive a booster dose using an inactivated viral
vaccine (CoronaVac). Here we assessed the antibody response, the adverse effects of the
vaccine, and the association of the antibody response with hypertension following the third
(booster) dose of vaccines in our cohort of HCWs.

2. Materials and Methods
2.1. Study Participants

This is a follow-up observation on our previously reported study [13]. We recruited
non-pregnant health care workers (HCWs) at Dr. Soetomo General Hospital in Surabaya,
Indonesia. Apart from chronic underlying conditions such as diabetes, hypertension,
and allergic diseases, the participants did not have any other diseases at the beginning
of the study. All of the participants were tested for the presence of antibodies against
SARS-CoV-2 before the start of the study. Participants with a detectable level of serum IgG
against SARS-CoV-2 RBD before the first dose of vaccination and those who contracted
COVID-19 (confirmed by PCR test) during the course of the study were excluded from
the study since any infection with SARS-CoV-2 virus before or during the study might
affect the serum antibody level against SARS-CoV-2 virus and hence confound the data.
From 101 individuals who were originally involved in the study, 8 had positive serum IgG

114



Vaccines 2023, 11, 1160

against SARS-CoV-2 before the priming dose of vaccination, 18 contracted SARS-CoV-2
infection during the course of the study, and 2 dropped out due to unwillingness to undergo
follow-up examination. Thus, 75 participants fulfilled the criteria and were included in
the analysis.

2.2. COVID-19 Vaccination

All participants received two doses of the inactivated SARS-CoV-2 vaccine (CoronaVac)
as the priming doses. An analysis of serum samples was conducted at 1, 3, and 5 months
after the second dose of vaccination. All participants were offered a booster dose with
either the mRNA-1273 vaccine (Moderna) or the inactivated viral vaccine (CoronaVac) at
5-6 months following the second dose. Serum samples were again analyzed at 1, 3, and
5 months after the booster dose.

2.3. Serology Assay

We used a commercially available kit (Elecsys Anti-SARS-CoV-2 S, Roche Diagnostics,
Mannheim, Germany) to examine the level of IgG against the SARS-CoV-2 receptor-binding
domain (RBD) in the serum samples. We followed the protocol as recommended by
the manufacturer.

2.4. Demographic and Adverse Events Data Collection

At the beginning of the study, we interviewed participants regarding demographic
data and the presence or history of comorbidities (i.e., diabetes mellitus, cardiovascular
disease, and allergic disease). Blood pressure was also measured at the beginning of the
study and during follow-up visits. During the follow-up visits, participants were also
asked about the presence of vaccine adverse reactions.

2.5. Statistical Analysis

The serum IgG level is presented as geometric mean titres and 95% confidence intervals
(CI). To analyze the difference in IgG level between booster vaccination with mRNA
vs. inactivated viral vaccine, we used a non-parametric multiple comparisons (Mann—
Whitney U) test. The same test was also used to analyze the effects of comorbidities on the
antibody response. A p value less than 0.05 was considered statistically significant. We used
GraphPad Prism ver. 9 (GraphPad Software, LLC, Boston, MA, USA) to analyze the data.
To control for the possible confounding effects of each comorbidity, a multivariate logistic
regression analysis was performed with inclusion of histories of hypertension, diabetes
mellitus, and cardiovascular diseases.

3. Results
3.1. Study Participants

This is a follow-up observation on our previously reported study [13]. However, in
the present analysis, we only included HCWs who have never been infected with SARS-
CoV-2 and have an undetectable level of serum IgG against the SARS-CoV-2 receptor
binding domain (RBD) before the first dose of vaccination. Participants who contracted
COVID-19 (confirmed by PCR test) during the course of the study and those who had
baseline IgG levels against SARS-CoV-2 RBD were excluded from the study. A total of
75 HCWs who fulfilled these criteria were included in the analysis. The mean age of
participants was 50.95 years old, and 60% of them were male. Hypertension was detected
in 29.3% of participants. Some of the participants have a history of diabetes mellitus (21.3%),
cardiovascular diseases (14.7%), and allergic diseases (42.7%) (Table 1).
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Table 1. Characteristics of study participants.

Participants Included in This Study (n = 75)

Sex
Male 45 (60%)
Female 30 (40%)
Age at vaccination (y)
Mean + SD 50.95 £ 19.55
Median 57
Blood pressure
Non-hypertension 53 (70.7%)
Hypertension (BP > 140/90) 22 (29.3%)
History of diabetes mellitus
No 59 (78.7%)
Yes 16 (21.3%)
History of cardiovascular diseases
No 64 (85.3%)
Yes 11 (14.7%)
History of allergic diseases
No 43 (57.3%)
Yes 32 (42.7%)

SD—standard deviation; BP—blood pressure.

3.2. Serum IgG Level against SARS-CoV-2 Receptor Binding Domain (RBD)

All of the participants received inactivated viral vaccine (CoronaVac) as the priming
doses (first and second doses). Of the 75 HCWs in our cohort, 69 of them received the
mRNA-1273 vaccine (Moderna) as a booster (third dose), whereas 6 subjects opted to have
an inactivated viral vaccine (CoronaVac) for the booster dose. We analyzed serum IgG
levels against the RBD domain at 1, 3, and 5 months following the 2nd dose of priming
vaccine and at 1, 3, and 5 months after receiving the booster dose. As shown in Figure 1,
we observed a marked increase in serum IgG levels following priming doses. Interestingly,
the level of serum IgG did not significantly decrease up to 5 months after the priming
doses. A marked increase in antibody levels was observed in all participants following the
booster dose. The level of serum IgG against SARS-CoV-2 seemed higher in participants
receiving the mRNA-1273 vaccine compared to those who had an inactivated viral vaccine
as a booster (Figure 1). Although the difference reached statistical significance, it needs to
be interpreted cautiously since the number of subjects receiving boosters with inactivated
vaccines was very low.

3.3. Antibody Response in Participants with Comorbidities

Our previous observation has suggested that subjects with hypertension display a
lower antibody response against the priming doses of inactivated viral vaccine [13]. To
understand if hypertension affected the response to the booster dose using the mRNA-
1273 vaccine, we compared serum IgG levels between participants with hypertension
(BP > 140/90) and those without hypertension. Interestingly, we found a consistent finding
that participants with high BP showed a lower antibody response following booster doses
using the mRNA-1273 vaccine (Figure 2A).
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Figure 1. Serum antibody levels (IgG) against the SARS-CoV-2 receptor binding domain (RBD) at
1-5 months following priming (1st and 2nd doses) vaccination and at 1-5 months after the booster
dose of COVID-19 vaccination. All of the participants (1 = 75) received an inactivated viral vaccine
for the priming dose. A total of 69 participants received the mRNA-1273 vaccine as a booster, whereas
6 participants received an inactivated viral vaccine as a booster. The data are presented as GMT
and 95% CI. *** p < 0.001, multiple non-parametric test (Mann-Whitney U test), InV = inactivated
viral vaccine.

The antibody response in participants with histories of diabetes mellitus (DM) and
allergic diseases was also analyzed. Similar to participants with hypertension, we ob-
served significantly lower antibody levels in subjects with a history of diabetes mellitus
at 1-5 months following booster vaccination (Figure 2B). However, in contrast with the
finding above, participants with allergic diseases displayed comparable levels of serum
IgG following boosters compared to those without allergic diseases (Figure 2C).

To analyze the possible confounding effect between these three comorbidities, we
conducted a multivariate linear regression analysis. Data presented in Tables 2—4 suggested
that hypertension showed the strongest association with serum IgG level post-booster
vaccination and remained significantly associated with antibody response, in particular
at 1 month and 3 months after booster vaccination (Tables 2 and 3). History of diabetes
mellitus showed a trend of significance at 1 month post-booster vaccination, whereas
there was no significant association between history of allergic disease and serum IgG
level. Overall, our finding showed that among co-morbidities, hypertension significantly
influences the antibody response following a booster dose of the mRNA vaccine.
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Figure 2. Antibody response following booster dose in participants with comorbidities. (A) Serum
IgG levels against SARS-CoV-2 RBD in participants with hypertension (blood pressure/BP > 140/90)
compared to subjects with normal blood pressure. On average, the IgG levels of participants with
hypertension were 30-43% lower compared to subjects without hypertension. (B) IgG levels in
participants with a history of diabetes mellitus. On average, the IgG levels of participants with
diabetes mellitus were 40-60% lower compared to subjects without hypertension. (C) IgG levels
in participants with a history of allergic diseases. The serum IgG levels were comparable between
subjects with and without allergic diseases. Multiple non-parametric tests (the Mann-Whitney U test)
were used to compare the differences.

Table 2. Multivariate regression analysis of serum IgG level at 1 month post-booster dose.

Variable Regression Coefficient p Value
Hypertension —0.235 0.05
History off Diabetes Mellitus ~ —0.232 0.07
History of allergic disease 0.006 0.96

Variable with significant association is written in bold.

Table 3. Multivariate regression analysis of serum IgG level at 3 months post-booster dose.

Variable Regression Coefficient p Value
Hypertension —0.246 0.05
History off Diabetes Mellitus ~ —0.185 0.16
History of allergic disease 0.114 0.38

Variable with significant association is written in bold.
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Table 4. Multivariate regression analysis of serum IgG level at 5 months post-booster dose.

Variable Regression Coefficient p Value
Hypertension —0.168 0.18
History off Diabetes Mellitus ~ —0.139 0.28
History of allergic disease —0.060 0.64

3.4. Adverse Reactions following Vaccination

The pattern of the adverse effects is depicted in Figure 3A,B. In total, there were
26 events of adverse reactions reported after first dose of priming vaccination, 18 reactions
following the second dose of priming vaccine, and 48 reactions after the booster dose of
vaccination. It is clear that booster injections using the mRNA-1273 vaccine triggered more
frequent adverse effects than the priming doses using inactivated viral vaccine. The most
frequent adverse effect following a booster dose was pain at the injection site, which was
reported by 20 participants (25.4%), followed by fever (10 participants, 12.7%) and muscle
pain (6 participants, 6.3%). The adverse effects of the first and second priming doses using
inactivated viral vaccine were less frequent. For example, only 10-12% reported local pain
following injection, whereas other side effects occurred in less than 5% of the participants.
However, despite the higher frequency of adverse effects following booster vaccination, the
majority of them were non-severe and transient. None of the participants required hospital
treatment due to the side effects of the vaccine.
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Figure 3. Adverse events following priming and booster doses of COVID-19 vaccination. (A) Number
of adverse events following the 1st and 2nd doses of inactivated viral vaccine and booster doses of
mRNA vaccine. (B) Radial graph showing the frequency of adverse events comparing the 1st, 2nd,
and booster doses of vaccination.
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4. Discussion

The main finding of this study is that a heterologous booster dose of the mRNA-1273
vaccine induces a strong antibody response in individuals who have been vaccinated with
an inactivated viral vaccine. This data is in line with previous reports and adds to the
growing body of evidence showing the effectiveness of heterologous booster vaccination in
enhancing antibody levels against SARS-CoV-2 [12,14-16]. Another important finding of
our study is that participants with hypertension and a history of diabetes mellitus (DM)
exhibited a lower antibody response following the booster dose compared to those with
normal blood pressure or without DM history.

The effectiveness of mRNA vaccines as booster doses in enhancing antibody titers is
evident. When compared to other platforms of COVID-19 vaccine, for example, adenovirus,
recombinant protein, and inactivated viral vaccine, the mRNA vaccine showed superiority
in terms of the level of antibody response [12]. Based on a study by Zhang et al,, it was
stated that the long-term antibody levels following vaccination with inactivated viral
vaccine at 11-12 months post-vaccination are very low. Consequently, people who were
vaccinated with an inactivated viral vaccine might still be susceptible to SARS-CoV-2
infection, although they have a lower severity of COVID-19 infection than those who
were not vaccinated [17]. Our present data is in line with previous reports indicating a
strong antibody response to the mRNA vaccine as a booster, regardless of the type of the
priming vaccine. Importantly, we also found a significantly enhanced antibody response in
participants who received inactivated viral vaccine as a booster dose, although it was at a
significantly lower level than the response against mRNA booster vaccine. However, it is
important to note that the number of subjects in this category was very small.

One novel finding of this study is that the antibody response against the booster dose is
significantly lower in participants with hypertension (BP > 140/90) and those with a history
of DM compared to subjects without these comorbidities. Previous observations have
indicated a reduction in antibody response following the COVID-19 vaccine in subjects with
hypertension [13,18-22] and diabetes mellitus [21-26]. These phenomena were reported on
subjects who received inactivated viral vaccines [13,18], mRNA vaccines [19,20,22,24] and
adenoviral vaccine [25] as the priming doses. Our present data indicate that (i) subjects with
hypertension and diabetes mellitus also showed reduced antibody responses following the
third or booster dose, and (ii) the reduction of the response occurred following heterologous
booster vaccination with mRNA vaccine. This further supports the idea that hypertension
and diabetes mellitus may play a very important role in determining antibody responses
against vaccination. Indeed, the association between hypertension, diabetes mellitus, and
dysregulation of immune response has been widely documented previously [27,28], and
our study has added to the line of evidence in terms of vaccine response. Further studies to
delineate the precise mechanism are needed in order to better understand this phenomenon
and find strategies to minimize the detrimental effect of high blood pressure in reducing
vaccine response.

It is important to note that the median age of the participants was relatively high
(57 years). Interestingly, the proportion of participants with hypertension in our cohort was
lower compared to the prevalence of hypertension in the Indonesian population within
the age group of 55-64 years old [29]. However, the prevalence of diabetes in our cohort
seemed comparable to the prevalence in the general population at a similar age (19.6%) [29].

The other important finding of this study was that the antibody response to the booster
dose declined over time. Our analysis suggested that the antibody titer at 5 months after
the booster dose declined by more than 70% compared to the antibody titer at 1 month
post-booster. Evidence showing the waning immunity following priming doses of COVID
vaccine is accumulating [8,10], and this has become one of the main reasons for the impor-
tance of having a booster dose. Our data provide new evidence that the serum antibody
level is also declining following a booster dose. We do not have evidence whether this
decline will result in a reduction in protection since we did not assess the incidence of
breakthrough infections in our cohort. The status of the cellular immunity, which is associ-
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ated with protection against disease severity, also needs to be evaluated to understand if
the protection following a booster dose is also reduced over time. However, it is important
to note that recent observations suggested that people with a lower antibody response were
more prone to breakthrough infections against the new Omicron variants [30].

In addition to antibody response, another important aspect that needs to be assessed
is the effectiveness of controlling the incidence and severity of COVID-19. In our previous
observation, we analyzed the incidence and severity of COVID-19 among a cohort of HCWs
who received vaccination with an inactivated viral vaccine [5]. We assessed COVID-19
incidence and severity by comparing the period before and after the start of the national
vaccination program. We found a significant reduction in COVID-19 hospitalizations in
the period after vaccination compared to before vaccination. However, we still observed a
higher incidence of infection in the fully vaccinated cohort at the time when a new variant
circulated in the population [5]. The incidence of breakthrough SARS-CoV-2 infection due
to a new variant (in the case of our cohort, the Delta variant) indicated that an appropriate
strategy for booster vaccination is necessary to control COVID-19 incidence and severity in
the future. Equally important, the use of multivalent COVID-19 vaccines should always be
considered given the occurrence of multiple SARS-CoV-2 variants in Indonesia, as indicated
by data in the GISAID database [31].

The mRNA vaccine has been widely associated with more side effects compared to
other types of vaccines [12,32]. Our data concur with previous studies, in which we found
more frequent adverse effects, both systemic and local, following vaccination using mRNA
vaccine compared to the effects after vaccination with inactivated viral vaccine. However, it
is important to note that most of the adverse effects in our cohort were temporary, and none
of them required hospitalization. This indicates that the booster vaccination using mRNA
vaccine is generally safe for people who have received inactivated viral vaccine before.

Our present study has several limitations. First, we only examined humoral responses
by assessing serum IgG levels. As mentioned previously, cellular immunity is important
in protecting against disease severity. Further studies are needed to understand whether
cellular immunity is enhanced following a heterologous primary vaccine-booster combi-
nation of inactivated viral vaccine with mRNA vaccine and whether cellular immunity is
waning over time following booster. Second, we only have a small number of participants
in this study. It is important to note that a number of study subjects were excluded due to
infection with the SARS-CoV-2 virus during the study period. We recruited infection-naive
subjects, and so some of the participants who had detectable antibodies at the beginning of
the study were excluded. Another limitation was the possibility of asymptomatic SARS-
CoV-2 infection among the participants following the priming doses, which might affect
the level of serum IgG antibody. We did not perform an analysis of anti-nucleocapsid
antibodies, which could detect asymptomatic infection, due to limited resources. However,
we closely monitored for the presence of COVID-19 symptoms among all the participants
and followed this up with a PCR test during the study, so the possibility of asymptomatic
SAS-CoV-2 infection was probably minimal. The detection of anti-nucleocapsid antibody
may also be useful in comparing antibody responses against inactivated virus vs. mRNA
vaccines, since inactivated viral vaccines may contain N-proteins in addition to S-proteins,
whereas mRNA vaccines only contain S-antigens. Studies to focus on this aspect are needed
in the future.

It is clear that HCWSs need to be protected against COVID-19 since they may have
higher exposure to the virus due to possible contacts with patients. In our recent observa-
tion, we found a higher incidence of COVID-19 in medical staff (i.e., physicians and nurses)
compared to non-medical hospital workers, such as administrative staff, during the first
year of the COVID-19 pandemic in 2020 [5]. This is in line with other reports that showed
a higher risk of healthcare workers contracting the SARS-CoV-2 infection [33-36]. This
underlines the importance of giving healthcare workers appropriate protection, including
protective clothing and booster doses of vaccines.
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In summary, our findings show that heterologous booster doses using mRNA vaccine
in a cohort of HCWs who received priming vaccine with inactivated virus induce a higher
antibody response than homologous booster vaccine with inactivated SARS-CoV2. How-
ever, the level of serum IgG waned over time and participants with hypertension displayed
a lower antibody response. Our data adds to the growing body of evidence showing the
importance of the COVID-19 booster vaccination to improve protection against the disease.
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Abstract: The Kingdom of Saudi Arabia was one of the countries earliest affected by the coronavirus
2019 (COVID-19) pandemic and had taken precautions including compulsory COVID-19 vaccination.
Both the ChAdOx1 nCoV-19 vaccine (Oxford AstraZeneca) and the BNT162b2 vaccine (Pfizer) were
approved by the Saudi Ministry of Health, followed by mRNA-1273 (Moderna), all of which were
used for population-wide vaccination. This study aimed to assess the short-term side effects following
the COVID-19 vaccinations among participants who had received all three doses in the western
region of Saudi Arabia. An online survey was distributed to the participants who received either
BNT162b2, ChAdOx1 nCoV-19, or mRNA-1273 vaccines, and the type of side effects and their severity
were evaluated. Fatigue and headache, pain at the site of the injection and muscle pain were the most
common side effects in all three doses. However, the severity depending on the type of vaccination
was significant only for the first and second dose, but not the third dose. In contrast, there was a
higher percentage of participants who encountered severe side effects from the third dose compared
to the first and second. Nevertheless, the majority of participants described all three doses’ side
effects to be moderately severe. A future evaluation could be made to access the individual types
of vaccination and compare between the side effects of the BNT162b2, ChAdOx1 nCoV-19, and
mRNA-1273 vaccines specifically for the booster dose.

Keywords: vaccines; COVID-19; coronavirus; infectious diseases; adverse events

1. Introduction

Despite many lockdowns and long-term infection control measures implemented in
most countries, the 2019 coronavirus (COVID-19) pandemic, which started in China in
December 2019, is still spreading [1-3]. Since the beginning of the COVID-19 pandemic,
both hospital and community infection control efforts have been employed to minimize the
risk of infection spread and some safe vaccines have been generated [4]. Several vaccination
options have been accessible for use and found to be safe and effective. By the end of
2020, many countries, including Gulf countries, employed vaccination campaigns due
to the promising effectiveness of the COVID-19 vaccines. However, all of the vaccines
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proposed by the World Health Organization do not provide complete immunization against
the disease [4,5]. Therefore, administering more than one dose was proposed in many
countries [6]. Comparing COVID-19 infections with seasonal influenza, it was found that
the influenza vaccine contributed to lower rates of hospitalization and mortality, while the
COVID-19 vaccination significantly reduced death and hospitalization rates in the elderly
group only [7]. COVID-19 vaccination campaigns have been introduced to reach the public
and private sectors in many countries. Furthermore, some countries made it mandatory
to be vaccinated in order to enter the country [8]. The Kingdom of Saudi Arabia was
one of the first countries to take precautionary actions including compulsory COVID-19
vaccination for the first, followed by the second and third dosage of vaccination [9,10].
More importantly, to lessen the impact of the disease, Saudi health officials implemented
early, unprecedented preventive measures and precautionary strategies, including the can-
cellation of social events, prohibiting international flights, closing schools and universities,
work-from-home mandates, curfews, and placing the entire nation under complete lock-
down [5,9]. These approaches were incredibly effective. These initiatives did not include
reliable test and contact tracing protocols. As a result, a second wave of the virus hit nu-
merous Arab Gulf nations, prompting additional lockdowns [5]. However, in the absence
of an approved antiviral treatment for COVID-19, several vaccine development studies
were quickly launched in hopes of bringing the pandemic under control [6]. As a result,
immunization programs started in developed countries and then expanded to other parts of
the world, but the administrative problems of manufacturing, transporting, and managing
billions of doses on a global scale presented unprecedented challenges, and these challenges
had to be addressed while assessing the short-term and long-term effects of the vaccines [5].
The adoption of vaccines has been demonstrated to be challenging, and vaccinations alone
have been shown to be insufficient to shift the pandemic from its acute to its chronic phase.
Continuing unprecedented preventive measures and precautionary strategies should be
included alongside vaccination campaigns, especially to avoid the long-term spread of the
virus and the emergence of new variants [5]. In early 2021, different international health
authorities declared various vaccines to have emergency use authorization [9,11,12]. The
first vaccines that were introduced and approved in the Kingdom of Saudi Arabia were the
ChAdOx1 nCoV-19 (also known as Oxford AstraZeneca) vaccine and the BNT162b2 (also
known as Pfizer) vaccine [6]. The Food and Drug Authority approved the two vaccines.
BNT162b2 is a nucleic acid vaccine based on a modified mRNA molecule that encodes
for the spike protein of SARS-CoV-2. ChAdOx1 nCoV-19 is a modified viral-vector based
vaccine derived from the chimpanzee adenovirus, ChAdOx1, and encodes the SARS-CoV-2
spike protein, BNT162b2ChAdOx1 nCoV-19 [13].

On 16 July 2021, the mRNA-1273 (also known as Moderna) vaccine was added to the
list of approved vaccines in the Kingdom of Saudi Arabia [14]. Several mild to moderate
side effects, such as headaches, pain, swelling, and redness at the injection site, as well
as muscle and joint aches, were associated with the side effects of the COVID-19 vaccina-
tions [9,15,16]. In the eastern region of Saudi Arabia, similar common side effects during
the first and second dose were reported such as fatigue, headache, and fever. Unusual
side effects that have been previously reported include palpitations and irregular men-
struation [14,17]. Further side effects such as pain at the injection site, feeling tired, and
headaches were reported in Riyadh (the capital city of Saudi Arabia) [18].

There is limited literature regarding the third dose vaccination’s side effects in the
general population [19], and in the population of Saudi Arabia [20], in particular, the
western region of Saudi Arabia. Describing the consequences following the third vacci-
nation dose, also known as the booster vaccination, compared with the first and second
vaccination doses will aid in enhancing the understanding of the safety profile of the third
dose compared to the first and second dose of the COVID-19 vaccinations and improve
the vaccination process against COVID-19 [21,22]. Thus, this study aims to evaluate the
short-term adverse effects of the third COVID-19 vaccination dose compared with the first
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and second vaccination doses in the Kingdom of Saudi Arabia among participants in the
western region.

2. Materials and Methods

An online survey was distributed using a Google form with dual language (Arabic
and English) for a cross-sectional study and was distributed to participants who were
vaccinated with the BNT162b2, ChAdOx1 nCoV-19 and mRNA-1273 vaccines. The side
effects were reported following the participants’ vaccinations. The survey was distributed
in the western region of the Kingdom of Saudi Arabia (mainly in Makkah, Taif, and Jeddah)
between the period of 26 January and 8 March 2022. The survey was revised by all authors
to provide feedback on the survey sections and recommend any edits if needed.

The online questionnaire was designed and distributed on social media platforms
including WhatsApp and Twitter; emails were also circulated to public health and univer-
sity staff. Following entry to the online questionnaire, participants were asked to carefully
read the comprehensive explanation of the purpose of the study prior to giving consent
on a compulsory electronic consent form, comprising the data for voluntary participation
and anonymity. An e-mail address was generated to facilitate communication between
the participants and study researchers. Upon completion of the online survey, the data
was anonymously collected and stored in a safe file. The structured online questionnaire
contained two sections: The first section aimed to explore the participants” demographical
information (gender, age, nationality, and education) alongside their SARS-CoV-2 infection
status (chronic conditions, previous infection with COVID-19, consumed medications and
antibiotics). The second section aimed to investigate the type of vaccine received, the
side effects post vaccination (first, second, or third dose), the duration of the encountered
side effects, and any analgesics consumed to reduce the severity of the side effects. In
addition, on days 1, 2, 3, and 4 following immunizations, the participants were requested to
illustrate the intensity degree of each symptom, ranging from mild to severe. Additionally,
the participants were asked about the average timing of the onset of side effects. All
the participants who declined to take part, or who were not vaccinated with three doses,
and participants who received vaccines other than BNT162b2, -ChAdOx1 nCoV-19, or
mRNA-1273 were excluded. The sample size was calculated through raosoft.com, which
indicated 385 participants as a sufficient sample size to achieve a 5.35% margin of error and
95% confidence.

2.1. Statistical Analysis

For the data, the statistical analysis was performed using Statistics Package Social
Science (SPSS) Version 25 (IBM Armonk, New York, NY, USA). Descriptive statistics were
used as qualitative data with a p-value < 0.05 was considered significant. The descriptive
statistics were expressed as qualitative data to compare the symptoms between the types of
vaccines and their side effect. Using the Mann—Whitney U test, the researchers conducted
dimensional comparisons between the groups described herein.

2.2. Ethical Approval

The committee of the Institutional Review Board (IRB) at Imam Mohammad ibn Saud
Islamic University has reviewed and approved this research with project number 167-2021,
dated 20 December 2021. The IRB-approved study was titled, ‘Evaluate the Side Effect
Associated with Three Dosage of the Covid-19 Vaccine on Adults in western Region, Saudi
Arabia: A Cross-Sectional Study’.

3. Results
3.1. Demographic Characteristics of the Participants and Medical History

In this study, 574 participants were involved, but 161 were eliminated, because they
did not meet the inclusion criteria. Therefore, the final sample size was reduced to
413 participants. The majority of participants were between 18 and 25 years of age (n = 138,
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33.4%), followed by 41 and 60 years (n = 119, 28.8%), then 31 and 40 years (n = 78, 18.8%),
then 26 and 30 years (n = 70, 16.9%), and only eight (1.9%) participants were >60 years
of age. In terms of nationalities, 344 (83.2%) were Saudi Arabian, while the remaining 69
(16.7%) were non-Saudi Arabian participants (Table 1). The applicants’ general history was
summarized in Table 1, with 84.3% of participants declaring no clinical history, while 44
(10.7%) reported a chronic disease and 21 (5.1%) reported previous health problems.

Table 1. Overview of participant demographics and medical history.

Variables Patient Number Percent (%)
Gender
Male 262 63.4
Female 151 36.6
Age groups
18-25 138 33.4
26-30 70 9.4
31-40 78 344
41-60 119 29.1
>60 8 3.5
Nationality
Saudi 344 83.3
Non-Saudi 69 16.7
Education
Teacher 136 33.4
Student 111 26.8
Non-student/Unemployed 90 21.7
Other employment 76 18.4
Health status
Good health 348 84.3
Health problem 21 5.1
Chronic disease 44 10.7

Diagnosed with coronavirus infection before you

received the first dose of the coronavirus vaccine 4l 17:3

Not diagnosed with coronavirus infection before
. . . . 196 82.7

you received the first dose of the coronavirus vaccine

Receiving antimicrobial agents 6 1.2
Not receiving antimicrobial agents 407 98.5
Taking any medications to treat any disease 96 23.2
Not taking any medications to treat any disease 317 76.8

3.2. Participants’ Side Effects per Dose

In Table 2, the side effects were reported for the first, second, and third doses of the
COVID-19 vaccinations (ChAdOx1 nCoV-19, mRNA-1273, and BNT162b2).

First doses: Most participants received BNT162b2 BioNTech (71.4%), followed by
Oxford-ChAdOx1 nCoV-19 (27.3%), and mRNA-1273 (0.7%) (Table 2). Nearly 38% of the
participants experienced side effects the day after vaccination. In comparison, 43.6 % of
participants showed adverse effects on the second and third days after vaccination. The
most reported adverse effects among the trial participants were injection site pain (54%),
followed by muscle and/or joint pain (36.3%), then fatigue and headache (35.1%). However,
menstrual disorder, dizziness, vomiting, breathing congestion, chest pain, hair loss, and
skin itching or rash were less commonly reported by the study participants (Tables 2 and 3).
A total of 74% of participants indicated that the severity of the side effects was mild or
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moderately severe; leaving only 11.9% who suffered from severe adverse side effects. Most
participants consumed pain relief medication to reduce the side effects’ severity (64.9%). In
contrast, only 16.9% of participants indicated that there were no adverse effects following
the first vaccination.

Table 2. COVID-19 vaccination and the side effects encountered with BNT16b2, ChAdOx1 nCoV-19

and mRNA-1273.

First Dose Number (%) Second Dose Number (%) Third Dose Number (%)
Type of vaccine
BNT162b2 295 (71.4) 322 (78) 353 (85.5)
ChAdOx1 nCoV-19
mRNA-1273 113 (27.3) 75 (18.2) 18 (4.4)
Diagnosed with coronavirus infection before 3(0.7) 15 (3.5) 42 (10.1)
receiving the COVID-19 vaccination 41(17.3) 0(0) 46 (11.1)
Common side effects after vaccination
Fatigue and/or headache 145 (35.1) 174 (42.1) 187 (45.3)
Pain at the site of injection 223 (54) 238 (57.6) 229 (55.4)
Muscle and/or joint pain 150 (36.3) 136 (32.9) 134 (32.4)
High temperature and shivering 56 (13.6) 174 (42.1) 118 (28.6)
Dizziness 223 (54) 238 (57.6) 60 (14.5)
Menstrual disorder 150 (36.3) 136 (32.9) 33 (8)
No side effects 138 (33.4) 48 (29.5) 139 (33.7)
Severity of side effects
Mild 56 (13.6) 48 (11.6) 116 (28.1)
Moderate 51 (12.3) 44 (10.7) 157 (38)
Severe 69 (16.9) 70 (16.94) 89 (21.5)
When did you feel the side effects after the first dose of the coronavirus vaccine?
First day 157 (38) 169 (40.9) 185 (44.8)
Second day 180 (43.6) 167 (40.4) 157 (38)
Third day 15 (3.6) 13 (3.1) 16 (3.9)
How long did the side effect last after vaccination?
One—two days 226 (54.7) 243 (58.8) 224 (54.2)
Three days 97 (23.5) 77 (18.6) 77 (18.6)
Four days or more 36 (8.7) 34(8.2) 56 (13.6)
Any medication taken?
Medication taken to reduce the severity of the
No medication taken to reduce the severity of the 145 (35.1) 156 (37.8) 155 (37.5)
side effects.
Table 3. Less common side effects after vaccine.
Less Common Side Effect First Dose Number (%) Second Dose Number (%) Third Dose Number (%)
Vomiting 8(1.9) 15 (3.6) 22 (5.3)
Breathing congestion 20 (4.8) 18 (4.4) 25 (6.1)
Skin itching or rash 20 (4.8) 21 (5.1) 25 (6.1)
Drop in sugar level 1(0.2) 0(0) 1(0.2)
Chest pain 2 (0.5) 2 (0.5) 2 (0.5)

Second dose: Most participants received BNT162b2 (78%), followed by ChAdOx1
nCoV-19 (18.2%), and mRNA-1273 (3.6%) (Table 2). Nearly 40.9% of the participants expe-
rienced side effects on the next vaccination day. A total of 40.4% of participants showed
adverse effects on the second and third days after vaccination. In particular, the most
reported adverse effects among the trial participants were pain at the injection site (57.6%),
fatigue and headache (42.1%), and muscle and/or joint pain (32.9%). However, dizziness,
menstrual disorder, vomiting, breathing problems, hair loss, chest pain, and skin rashes and
itching were reported less frequently by study participants (Tables 2 and 3). Only 13.8% of
participants encountered severe side effects. However, 62% of the participants consumed
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some medication to reduce the severity of the side effects. Only 16.9% of participants
indicated that there were no adverse effects following the second vaccination.

Third dose: Most participants were vaccinated with BNT162b2 (85.5%), followed
by mRNA-1273 (10.1%), and ChAdOx1 nCoV-19 (4.4%) (Table 2). Almost 44.8% of the
participants experienced side effects on the day after vaccination. In comparison, 38% of
participants showed adverse effects on the second and third days after vaccination. In
particular, the most reported adverse effects among the trial participants were injection site
pain (55.4%), fatigue and headache (45.3%), and muscle and/or joint pain (32.4%). Less
commonly and rarely reported side effects were menstrual disorder, vomiting, breathing
congestion, hair loss, chest pain, and skin itching or rash. A total of 62.5% of participants
received some medication to reduce the severity of the side effects.

Table 4 shows the differences in the severe symptoms depending on the type of
COVID-19 vaccination. In fact, it was found that there were high significant differences
(p value < 0.01) between those who received the BNT162b2 vaccine and those who took the
ChAdOx1 nCoV-19 vaccine and mRNA-1273 vaccine in terms of the severity of symptoms
after the first and second doses (p value of 0.0001 and 0.006, respectively). While there
were no significant differences in the severity of symptoms after the third dose (p value of
0.867) (Table 4).

Table 4. The significance of symptoms” severity depending on the type of vaccination for the
three doses.

Type of COVID-19 Vaccine N Mean Rank Kruskal-Wallis H p Value
BNT162b2 295 192.57
Side effects’ ChAdOx1 nCoV-19 113 244.66
severity following 17.746 0.0001
the first dose mRNA-1273 5 207.50
Total 413
BNT162b2 322 205.65
Side effects’ ChAdOx1 nCoV-19 75 194.64
severity following 10.115 0.006
the second dose mRNA-1273 16 292.06
Total 413
BNT162b2 353 205.93
Side effects’ ChAdOx1 nCoV-19 18 219.31
severity following 0.286 0.867
the third dose mRNA-1273 42 210.71
Total 413

4. Discussion

Most countries have taken precautions to limit the spread of SARS-CoV-2 since the
COVID-19 pandemic started in December 2019 [9,10]. Saudi Arabia was one of the earliest
countries to initiate early immunization efforts after COVID-19 vaccination approval by
the Saudi Ministry of Health and the World Health Organization [9]. At the start of 2021, a
number of vaccine candidates were authorized for emergency use by several international
health organizations [9,11,12,23]. Initially, Saudi Arabia authorized the use of BNT162b2,
followed by the vaccine developed by Oxford AstraZeneca, ChAdOx1 nCoV-19 [9], then
the mRNA-1273 vaccine [14]. Consequently, in this study, participants who received three
doses of the COVID-19 vaccine in the western Saudi Arabian region were evaluated for
any short-term adverse events of the third COVID-19 vaccination dose compared to the
first and second vaccination doses. In this study, most participants received BNT162b2,
followed by ChAdOx1 nCoV-19 vaccines. Nevertheless, it was found that more participants
encountered severe side effects with ChAdOx1 nCoV-19 for the first and second doses
compare to BNT162b2-BioNTech and mRNA-1273. Alghamdi et al. also demonstrated
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that the severity of the side effects from ChAdOx1 nCoV-19 was higher compared to
BNT162b2 in both the first and second doses. The incidence of mild adverse events was
30.1%, and 29.7% for severe side effects following the administration of the ChAdOx1
vaccination [14]. In comparison, the majority of participants who received BNT162b2
vaccinations only experienced mild side effects (63.92%); only 7.68% experienced severe
side effects. However, our findings suggest that the severity of ChAdOx1 side effects were
not significantly different compared with those for BNT162b2.

Patients who received the third COVID-19 vaccination dose encountered side effects
such as pain at the site of injection, fatigue and headache, which were closely similar in
percentage to the side effects following the second dose. Indeed, the most common systemic
and local side effects of the COVID-19 vaccination were fatigue and tenderness [24]. It
was found that the most common three side effects in all three dosages were fatigue
and headache, pain at the injection site, and muscle and joint pain. These side effects
were mostly common despite the difference in vaccination type. In contrast, the rare side
effects reported included vomiting, breathing congestion, a skin rash, chest pain, and a
drop in sugar level, showed very similar percentages between patients for all three doses.
Supporting our findings, it was previously reported that the most common side effects
included discomfort at the injection site, fever, headache, fatigue, and flu-like symptom:s,
while sleepiness, difficulty breathing, and body aches were less prevalent [25].

Our results showed that the most reported level of severity of the side effects was
moderate. Unlike previous findings, a mild level of severity of symptoms was outstand-
ing [14,21]. The majority of the findings concluded that the severity of the COVID-19
vaccinations ranged between moderate and mild, which supports the safety profile for
the COVID-19 vaccines approved by the Saudi Arabian Ministry of Health [22]. Most
of the participants reported that each dose’s adverse effects lasted one—two days and
took medication to decrease the severity of symptoms [25]. Similarly, the duration of
symptoms after the first and second doses lasted for one—two days, which was highly
reported previously [9,14,19].

The results demonstrated that there was a difference between genders in terms of the
severity of symptoms for the first, second, and third doses, and the averages showed that
the severity of symptoms was higher in females. This data supports previous research
and indicates that females were considerably more likely than men to experience side
effects following vaccination [14,15,20,26]. This might indicate that the Covid-19 vaccines
function by stimulating the immune system, which can impact females more due to gender-
based differences in the immune response, as observed in vaccines for diseases such
as measles, mumps, and many others [24]. Furthermore, this may be attributable to
hormonal variations. Since ACE2 expression is coded by the X chromosome, it is possible
that males and females experience distinct patterns of its regulation [27]. In the past, it
was revealed that women have lower levels of ACE2 expression in the lung, which led
researchers to hypothesize that estrogen might decrease ACE2 expression [27]. Androgen
also upregulates the mucosa-specific serine protease TMPRSS2, which helps viruses enter
human host cells [28]. One of the enzymes that aids virus entry is TMPRSS2 [29]. This
adds to the evidence that implies sex hormones may make it easier for males to become
infected with COVID-19. Furthermore, several studies have shown that women develop
stronger antibodies in response to infection and vaccination than men. For example,
estrogens were shown to upregulate antibody development in mice, whereas testosterone
suppressed antibody production. Furthermore, men with higher testosterone levels had a
lower immune response to influenza vaccination than men with normal testosterone levels
and women [30]. Several clinical trials have explored the application of hormone therapy
to treat COVID-19 [31]. Because men are more likely to develop severe illness and die
from the virus, researchers wondered if treating acute COVID-19 infection with female sex
hormones could improve disease outcomes [6].

Furthermore, we found that there were statistically significant differences (p < 0.001)
in the severity of symptoms between those who has taken analgesics to reduce the severity
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of their symptoms and those who did not after the three doses and found that the severity
of the symptoms was greater in those who took analgesics.

Our study is the first Saudi Arabian western region-based investigation of COVID-19
vaccination adverse effects; however, this study had a few limitations. These include
variations in patient interpretation and tolerance levels, and the fact that the outcomes
of the questionnaire, which was circulated in the western region of Saudi Arabia, were
self-reported by vaccinated participants and have not been clinically validated by expert
clinicians. Heterogeneity in participant responses may have been caused by using a
subjective scale rather than an objective standard to classify the severity of symptoms, such
as mild, moderate, or severe. In addition, when completing the survey more than five
days after vaccination, the participants were susceptible to recall bias, which hindered
the accuracy of their memories. In addition, the survey did not question the incidence of
immediate allergic reaction after vaccination for three doses. In order to comprehend the
relationship between risk factors and developing side effects, larger participant studies
need to be performed to widely evaluate the side-effects severity difference of the third dose
compared to the first and second doses, depending on the type of vaccine administered.
Moreover, many confounding variables may influence the interpretation of the data.

5. Conclusions

In conclusion, Saudi Arabia was one of the first countries to begin the administration
of booster vaccinations for the whole Saudi Arabian population. Our cross-sectional study
was concentrated in the western region of Saudi Arabia to evaluate the severity of side-
effects for the third dose in comparison with the first and second vaccination doses. We
found that the third dose had higher severe frequency of side effects as described by
patients, which was not dependent on the type of immunization vaccine. In addition, there
were no significant differences between the type of side effects reported for the three doses,
including the rare side effects encountered in our study. These results indicate that the
incidence of severe side effects following the third dose vaccination is frequent, while there
are no differences between side effects for the first, second, and third doses after vaccination.
Follow-up studies on larger populations are needed to assess vaccine efficacy in controlling
and preventing COVID-19 infections, as well as the long- and short-term side effects.
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Abstract: At present, the COVID-19 pandemic is still ongoing globally and the virus is constantly
mutating. The herd immunity barrier established by past infections or vaccinations is gradually
weakening and reinfections are occurring. To evaluate the pandemic fatigue and vaccine hesitancy
among people who have recovered from COVID-19 in the post-pandemic era, we conducted an
anonymous cross-sectional survey study in China from 4 July to 11 August 2023, nearly 6 months
after the last large-scale nationwide infection. Basic sociodemographic characteristics, health-related
factors (smoking, drinking, and chronic disease history), COVID-19 vaccination history, and self-
reported long COVID were obtained as potential covariates. A series of logistic regression models
were performed to examine the association between pandemic fatigue and vaccine hesitancy toward
check for the next dose of COVID-19 vaccines via crude relative risks (cORs) and adjusted relative risks (aORs)

updates with 95% Cls. According to our results, of the 2942 participants, 1242 (42.2%) were hesitant (unwilling
Citation: Qin, C.; Deng, J.; Du, M,; or not sure) to receive the next dose of COVID-19 vaccines. The average score on the Pandemic
Liu, Q; Wang, Y.; Yan, W.; Liu, M.; Fatigue Scale was 21.67 + 8.86, in which the scores of all items in the vaccine-hesitant group were
Liu, J. Pandemic Fatigue and Vaccine  significantly higher than those in the vaccine-accepting group. Additionally, the higher the pandemic
Hesitancy among People Who Have fatigue level among people who have recovered from COVID-19, the more likely they were to be
Recovered from COVID-19 Infection hesitant to receive the next dose of the COVID-19 vaccines (moderate: aOR = 2.94, 95% CI: 2.46-3.53;

in the Post-Pandemic Era: high: aOR = 6.88, 95% CI: 5.49-8.64). Overall, more than 40% of the recovered participants were
Cross-Sectional Study in China.
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unwilling or uncertain about the next vaccine dose, with varying degrees of pandemic fatigue.
Pandemic fatigue is a potentially relevant factor for vaccine hesitancy and may hinder the translation
of vaccination intention into behavior. Considering the ongoing reinfection situation, implementing a
Academic Editor: Kay Choong See health education plan to reduce pandemic fatigue and prioritizing vaccination issues for people who
have recovered from COVID-19 may be key to promoting the reduction of the COVID-19 disease
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1. Introduction

The coronavirus disease 2019 (COVID-19) has been raging continuously for three
years, indicating a great threat to human health [1]. As of 21 August 2023, there have
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2022, trying to gradually bring people’s lives back to normal [3,4]. From late 2022 to early
2023, China experienced a nationwide Omicron variant infection, and over 80% of the
whole population was estimated to be infected [3,4]. Due to high asymptomatic infection
rates and limited testing capabilities, the actual number of global infections may be much
higher than the reported data [2]. On 5th May 2023, the Director-General of the World
Health Organization (WHO) announced that COVID-19 no longer constitutes a public
health emergency of international concern (PHEIC), lifting the highest-level alert issued
on 30 January 2020 in Geneva [5]. However, the COVID-19 pandemic is not yet over and
has become an ongoing global health problem [5]. The evolution of SARS-CoV-2 remains
uncertain [5].

Vaccination, a vital weapon to actively prevent infectious diseases, is a milestone
development in the history of human civilization [6,7]. Building a herd immunity barrier
and minimizing infections, severe cases, and deaths through vaccination is an important
guarantee for ensuring the normal operation of society under the current situation [6-8].
Vaccine hesitancy is defined as refusing or delaying vaccination when available [9]. As
one of the top ten health threats announced by the WHO in 2019, vaccine hesitancy still
cannot be ignored in the case of large-scale infections worldwide in 2023, especially since
this acquired immunity is not permanent [9-11]. Since previous infections do not necessarily
protect individuals from reinfection, it is essential for people who have recovered from
COVID-19 to prevent reinfection by receiving the next dose of COVID-19 vaccines in time.
However, we seem to have overlooked the vaccine hesitancy among people with a history of
COVID-19 [11]. Early studies have shown that people who have recovered from COVID-19
were more likely to be unwilling or uncertain to receive the next dose of COVID-19 vaccines
than those who have not been infected, but there is a lack of recent Chinese-specific research
evidence [8,12,13]. Therefore, vaccine hesitancy among this group of people in China is an
important issue that deserves early research.

As the 4-year mark is approaching since the commencement of the COVID-19 pan-
demic (November 2019), during which a “waxing and waning” battle trajectory has been
observed almost globally and affected most aspects of human life, the concept of “pan-
demic fatigue” has become widely recognized in both academic and popular discourse [14].
Pandemic fatigue, defined by the WHO as “distress which can result in demotivation to
follow recommended protective behaviors, emerging gradually over time and affected by
several emotions, experiences, and perceptions”, has been determined as an additional
hurdle and risk factor to adherence to health-protective behavior by the public [15,16].
Originally developed by Lilleholt et al., the Pandemic Fatigue Scale (PES) is a subjective
questionnaire that has been used to measure subjects’ fatigue from the COVID-19 pandemic
as well as from the beginning of future pandemics [17]. Many factors affect vaccine hesi-
tancy, such as basic demographic characteristics, trust in the government, risk perception
of the pandemic, knowledge of COVID-19 and vaccines, and trust in the safety and efficacy
of vaccines [11,18-21]. However, few studies are focusing on the attitudes towards the
pandemic after a national epidemic and its impact on the vaccination intention among
recovered people in China.

At present, the COVID-19 pandemic is still ongoing globally and the virus is constantly
mutating [1]. Herd immunity established by infections or vaccinations is gradually weaken-
ing, and reinfections are occurring [9-11]. Therefore, it is essential to understand the status
and correlates of pandemic fatigue and vaccine hesitancy toward the next dose among
people who have been infected before. These findings will help government authorities
and relevant parties to promote future vaccination policies and strategies in an orderly and
precise manner, avoid complacency, and ensure the health and well-being of the population.

2. Methods
2.1. Study Design and Participants

To evaluate pandemic fatigue and vaccine hesitancy among people who have recov-
ered from COVID-19 in the post-pandemic era, we conducted an anonymous cross-sectional
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survey in China from 4 July to 11 August 2023, nearly 6 months after the last large-scale na-
tionwide SARS-CoV-2 infection [3,4]. This online survey was performed by a professional
scientific data platform (Changsha Ranxing Information Technology Co., Ltd., Changsha,
China) with nearly 300 million users every month [22]. It can accurately send the electronic
questionnaire to our expected representative respondents based on the clear personal in-
formation (such as age, gender, and residence) of registered members [22]. Recruitment
criteria were as follows: (1) agree to fill in the questionnaire carefully; (2) >18 years old;
and (3) complete the survey for more than 300 s. Informed consent was embedded, and all
respondents provided consent for anonymized data use for academic purposes.

Based on previous survey experience [19,20,23], to obtain sufficient participants with
a history of COVID-19, we used a quota sampling method based on the population pro-
portion of provinces reported in the Seventh National Census to allocate a total sample size
of 3000 people. The predetermined sample size was obtained using a random sampling
method in each province. After excluding unqualified replies and verifying the sufficient
power of the test under « as 0.05 and the confidence interval width as 0.1 p (p = hesitancy
rate in this study), 2942 participants with COVID-19 infection history were ultimately
included in our analysis (Table S1).

2.2. Pandemic Fatigue

The Pandemic Fatigue Scale (PFS) is a subjective questionnaire that has been used as
a tool to measure subjects’ fatigue from the COVID-19 pandemic, which has been used
cross-culturally with good validity and internal consistency [16,24]. After conducting
translation into Chinese and back translation into English, we used an adapted PFS in
Chinese in our questionnaire to ensure “linguistic and conceptual equivalence” [25]. The
PES comprises six items, grouped into two distinct yet highly correlated factors—behavioral
and information fatigue—which both add to people’s overall experience of pandemic
fatigue [16]. Participants rank their agreement with each item on a 7-point Likert scale
ranging from 1 (strongly disagree) to 7 (strongly agree) [16]. All items were combined with
equal weighting, and the total score ranged from 6 to 42 points. Higher scores indicate
more pronounced pandemic fatigue. For ease of statistical analysis, we divided pandemic
fatigue into “Low (6-18 points)”, “Moderate (19-30 points)”, and “High (31-42 points)”
levels based on the total scores. In the present study, the PFS exhibited acceptable internal
consistency (« coefficient = 0.791).

2.3. Attitude toward the Next Dose of COVID-19 Vaccines

To determine the attitude of participants with a history of COVID-19 infection towards
receiving the next dose of COVID-19 vaccines, we set a question as “Are you willing to
receive the next dose of COVID-19 vaccine if available?”. The answer was progressively set
on a 5-point Likert scale (1 = very willing, 2 = willing, 3 = not sure, 4 = reluctant, 5 = very
reluctant). We defined vaccine hesitancy as reluctance or uncertainty about receiving the
next dose of COVID-19 vaccines, and then further asked for specific reasons for hesitancy.

2.4. Covariates

Sociodemographic characteristics (sex, age, location, education, relationship status),
health-related factors (smoking, drinking, chronic disease history), and COVID-19 vacci-
nation history were obtained as potential covariates. Risk perception items of COVID-19
reinfection were adapted from the Health Belief Model and involved two parts: perceived
susceptibility and perceived severity [26]. Participants were asked “How likely do you
think you are to be reinfected with COVID-19?” and “If you are reinfected with COVID-19,
how severe do you think it will be?”. The 5-point scale answers (1 = very low, 2 = low,
3 = moderate, 4 = high, 5 = very high) were divided into “Low”, “Moderate”, and “High”
levels. In addition, we also included self-reported long COVID symptoms and set it as a
binary variable (yes or no).
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2.5. Statistics Analysis

Statistical descriptions of all quantitative variables were reported as frequencies,
percentages, means (M), and standard deviations (SD). We used the Chi-square test and
t-test to compare the group differences among basic characteristics of vaccine hesitancy
and pandemic fatigue. A series of logistic regression models were performed to examine
the association between pandemic fatigue and vaccine hesitancy via crude relative risks
(cORs) and adjusted relative risks (aORs) with 95% ClIs. Model A was unadjusted. We
controlled sociodemographic factors (gender, age, location, and education) in model B, and
then plus health factors (drinking and chronic disease history) in model C. Risk perception
factors (perceived susceptibility and perceived severity) were additionally added to model
D. Model E adjusted for all covariates that were significantly unequally distributed across
three pandemic fatigue levels. On the basis of Model E, subgroup analyses were performed
among participants with different characteristics. All statistical analyses were conducted
by Software SPSS 26.0 (IBM SPSS Inc., New York, NY, USA), and we set the significance
level at a two-sided p value of <0.05.

3. Results
3.1. Characteristics of Participants

Of the 2942 participants who have recovered from COVID-19 (Table 1), 1185 (40.3%)
were male, 2180 (74.1%) were <34 years old, 2662 (90.5%) lived in urban areas, and 2178
(74%) had at least a bachelor’s degree. Among them, a vast majority of participants were
current non-smokers and only 33.6% struggled with chronic diseases. It is worth noting
that less than 10% of respondents received a COVID-19 vaccination in the past six months,
and 2150 (73.1%) of participants self-reported long COVID symptoms. In addition, 46.2%
of all respondents believed that they had a low risk of reinfection, and more than 90% of
them believed that the consequences of reinfection would not be severe.

Table 1. Characteristics and COVID-19 vaccine hesitancy among 2942 participants recovered from
COVID-19 in China.

Hesitancy Toward the Next Dose of

Characteristics t Number (%) COVID-19 Vaccine
n (%) 95% CI p Value
Total 2942 (100) 1242 (42.2) 40.4-44.0
Sex 0.06
Male 1185 (40.3) 525 (44.3) 41.5-47.1
Female 1757 (59.7) 717 (40.8) 38.5-43.1
Age (years) 0.502
<30 1390 (47.2) 575 (41.4) 38.8-44.0
30-34 790 (26.9) 337 (42.7) 39.2-46.1
35-39 421 (14.3) 174 (41.3) 36.7-46.1
>40 341 (11.6) 156 (45.7) 40.5-51.1
Location 0.629
Urban 2662 (90.5) 1120 (42.1) 40.2-44.0
Rural 280 (9.5) 122 (43.6) 37.9-494
Education 0.960
High school and below 765 (26.0) 324 (42.4) 38.9-45.9
Bachelor’s degree 1928 (65.5) 811 (42.1) 39.9-44.3
Master’s degree 249 (8.5) 107 (43.0) 36.9-49.2
Relationship status 0.001 *
Without partner 627 (21.3) 301 (48.0) 44.1-51.9
With partner 2315 (78.7) 941 (40.6) 38.7-42.7
Smoking 0.019*
No 2493 (84.7) 1075 (43.1) 41.2-45.1
Yes 449 (15.3) 167 (37.2) 32.8-41.7
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Table 1. Cont.

Hesitancy Toward the Next Dose of

Characteristics t Number (%) COVID-19 Vaccine
n (%) 95% CI p Value
Drinking 0.488
No 1660 (56.4) 710 (42.8) 40.4-45.2
Yes 1282 (43.6) 532 (41.5) 38.8-44.2
Chronic disease 0.880
No 1954 (66.4) 823 (42.1) 39.9-44.3
Yes 988 (33.6) 419 (42.4) 39.4-45.5
Perceived susceptibility 0.056
Low 1358 (46.2) 540 (39.8) 37.2-42.4
Moderate 1204 (40.9) 531 (44.1) 41.3-46.9
High 380 (12.9) 171 (45.0) 40.1-50.0
Perceived severity 0.038 *
Low 1657 (56.3) 706 (42.6) 40.2-45.0
Moderate 1000 (34.0) 439 (43.9) 40.8-47.0
High 285 (9.7) 97 (34.0) 28.7-39.7
Time of the most recent vaccination <0.001 *
<6 months 255 (8.7) 60 (23.5) 18.6-29.0
6-12 months 1245 (42.3) 482 (38.7) 36.0-41.4
12-24 months 1260 (42.8) 586 (46.5) 43.8-49.3
>24 months 182 (6.2) 114 (62.6) 55.5-69.4
Self-reported long COVID 0.031 *
No 792 (26.9) 360 (45.5) 42.0-48.9
Yes 2150 (73.1) 882 (41.0) 39.0-43.1
Pandemic fatigue <0.001 *
Low 1196 (40.7) 290 (24.2) 21.9-26.7
Moderate 1166 (39.6) 560 (48.0) 45.2-50.9
High 580 (19.7) 392 (67.6) 63.7-71.3

* A p-value less than 0.05 is considered to be statistically significant;  location” included urban areas (defined
as main urban areas, urban—rural junction, and peri-urban areas) and rural areas (defined as townships and
villages); “high school and below” included high school and below, technical secondary school, junior college
and undergraduate students; master candidates were also included in the “Master’s degree”. For “relationship
status”, we divided participants into two categories based on the presence or absence of a lover or cohabiting
spouse, with married but separated being considered unpartnered.

3.2. Pandemic Fatigue in the Post-Pandemic Era

As is shown in Figure 1, the average score of 2942 participants in PFS was 21.67 + 8.86.
The vaccine-hesitant group obtained a fatigue score of 25.26 + 8.52, while that of the vaccine-
accepting group was 19.04 & 8.17. Disparities between the two groups were statistically
significant (p < 0.05), including three information fatigue items and three behavioral fatigue
items. The scores of six items in the vaccine-hesitant group were all significantly higher
than those in the vaccine-accepting group.

Table 2 shows the characteristics across three pandemic fatigue groups. Only 1196
(40.7%) respondents reported a low level of pandemic fatigue. A higher level of pandemic
fatigue clustered in people who are male, living in urban areas, smoking, drinking, strug-
gling with chronic disease, higher perceived susceptibility, longer time since the most
recent vaccination, and have self-reported long COVID. Moreover, this fatigue is unevenly
distributed among people with different characteristics, except for relationship status and
smoking history.
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Figure 1. Pandemic Fatigue Scale item scores. * A p-value less than 0.05 is considered to be statistically significant.

Table 2. Pandemic fatigue characteristics of 2942 participants recovered from COVID-19 in China.

Pandemic Low Moderate High
Characteristics + Fatigue p Value Pandemic Fatigue Pandemic Fatigue Pandemic Fatigue p Value
(M £ SD) n (%) n (%) n (%)
Sex <0.001 * 0.007 *
Male 22.58 +9.01 448 (37.8) 475 (40.1) 262 (22.1)
Female 21.05 £+ 8.71 748 (42.6) 691 (39.3) 318 (18.1)
Age (years) 0.447 0.019 *
<30 21.68 £ 8.68 538 (38.7) 598 (43.0) 254 (18.3)
30-34 21.93 £+ 8.99 324 (41.0) 291 (36.8) 175 (22.2)
35-39 21.10 +£9.18 189 (44.9) 149 (35.4) 83 (19.7)
>40 21.73 +£8.93 145 (42.5) 128 (37.5) 68 (19.9)
Location 0.004 * 0.043 *
Urban 21.81 £+ 8.90 1067 (40.1) 1056 (39.7) 539 (20.2)
Rural 20.28 £+ 8.39 129 (46.1) 110 (39.3) 41 (14.6)
Education 0.160 0.030 *
High school and below 21.26 +8.74 306 (40.0) 330 (43.1) 129 (16.9)
Bachelor’s degree 21.73 £ 8.90 795 (41.2) 744 (38.6) 389 (20.2)
Master’s degree 22.45 4+ 8.93 95 (38.2) 92 (36.9) 62 (24.9)
Relationship status 0.251 0.545
Without partner 21.31 +8.95 258 (41.1) 255 (40.7) 114 (18.2)
With partner 21.77 - 8.84 938 (40.5) 911 (39.4) 466 (20.1)
Smoking 0.002 * 0.060
No 21.45 4+ 8.84 1035 (41.5) 979 (39.3) 479 (19.2)
Yes 22.86 + 8.89 161 (35.9) 187 (41.6) 101 (22.5)
Drinking <0.001 * 0.001*
No 21.00 £ 8.80 712 (42.9) 658 (39.6) 290 (17.5)
Yes 22.53 +8.88 484 (37.8) 508 (39.6) 290 (22.6)
Chronic disease <0.001 * <0.001 *
No 21.14 +8.82 837 (42.8) 780 (39.9) 337 (17.2)
Yes 22.72 +8.85 359 (36.3) 386 (39.1) 243 (24.6)
Perceived susceptibility <0.001 * <0.001 *
Low 21.01 £+ 8.97 594 (43.7) 512 (37.7) 252 (18.6)
Moderate 21.78 4 8.56 474 (39.4) 509 (42.3) 221 (18.4)
High 23.67 £9.14 128 (33.7) 145 (38.2) 107 (28.2)
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Table 2. Cont.

Pandemic Low Moderate High
Characteristics + Fatigue p Value Pandemic Fatigue Pandemic Fatigue Pandemic Fatigue p Value
(M + SD) n (%) n (%) n (%)
Perceived severity 0.944 0.011*
Low 21.63 £9.17 692 (41.8) 616 (37.2) 349 (21.1)
Moderate 21.69 £ 8.38 385 (38.5) 440 (44.0) 175 (17.5)
High 21.81 + 8.73 119 (41.8) 110 (38.6) 56 (19.6)
Time of the most recent vaccination <0.001 * 0.001 *
<6 months 19.80 £ 8.99 129 (50.6) 87 (34.1) 39 (15.3)
6-12 months 21.62 +8.74 510 (41.0) 495 (39.8) 240 (19.3)
12-24 months 21.78 + 8.87 505 (40.1) 502 (39.8) 253 (20.1)
>24 months 23.83 £9.03 52 (28.6) 82 (45.1) 48 (26.4)
Self'rg%o\r/tfg long <0.001 * <0.001 *
No 20.34 £ 9.05 386 (48.7) 266 (33.6) 140 (17.7)
Yes 22.16 = 8.75 810 (37.7) 900 (41.9) 440 (20.5)
Vaccine hesitancy <0.001 * <0.001 *
No 19.04 £ 8.17 906 (53.3) 606 (35.6) 188 (11.1)
Yes 25.26 +8.52 290 (23.3) 560 (45.1) 392 (31.6)

* A p-value less than 0.05 is considered to be statistically significant; + “location” included urban areas (defined
as main urban areas, urban-rural junctions, and peri-urban areas) and rural areas (defined as townships and
villages); “high school and below” included high school and below, technical secondary school, junior college and
undergraduate student; master candidates were also included in the “Master’s degree”. For “relationship status”,
we divided participants into two categories based on the presence or absence of a lover or cohabiting spouse, with
married but separated being considered unpartnered.

3.3. Vaccine Hesitancy toward the Next Dose of COVID-19 Vaccines

Table 1 and Figure 2 demonstrate the vaccine hesitancy toward the next dose of
COVID-19 vaccines. Of the 2942 participants, 1242 (42.2%) were hesitant (unwilling or not
sure) to receive the next dose of COVID-19 vaccines, if available. A total of 835 (28.3%) par-
ticipants marked “not sure” as the answer to the question about the intention to vaccinate
against COVID-19, which accounted for 67.2% of the vaccine-hesitant group. As is shown
in Table 1, among people with a history of COVID-19, those who are single, non-smokers,
have low perceived severity after reinfection, did not report long COVID symptoms, and
have a longer time since their last COVID-19 vaccination were more likely to be vaccine hes-
itant (p < 0.05). As the level of pandemic fatigue increased among the population, vaccine
hesitancy also increased significantly. There was no significant difference in vaccination
intention among people grouped by sex, age, location, education, drinking habits, chronic
disease history, and perceived susceptibility to COVID-19 reinfection.

.. . .‘ . . . ‘. E= 619 (21.04%) Very willing to vaccinate the next dose
.......... [ 1081 (36.74%) Willing to vaccinate the next dose
Q0000000 O@® m 835(28.38%)Notsure
“..‘..‘.. 0 291 (9.89%) Reluctant to vaccinate the next dose
. . . . ' . . . . . = 116 (3.94%) Very reluctant to vaccinate the next dose
0000000000
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Figure 2. Willingness to receive the next dose of COVID-19 vaccines in recovered people (n = 2942).
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3.4. Association between Pandemic Fatigue and Vaccine Hesitancy toward the Next Dose of
COVID-19 Vaccines

The associations between pandemic fatigue and hesitancy toward the next dose of
COVID-19 vaccines among people who have recovered from COVID-19 remained stable in
a series of models (Table 3). In model A, controlling for no covariates, perceived moderate
(cOR = 2.89, 95% CI: 2.42-3.44) or high (cOR = 6.51, 95% CI: 5.24-8.11) pandemic fatigue
among people with a history of COVID-19 infection may lead to higher vaccine hesitancy.
After adjusting for sociodemographic characteristics (gender, age, location, and education)
in model B, the positive association between pandemic fatigue and vaccine hesitancy
remained significant (moderate: aOR = 2.91, 95% CI: 2.44-3.47; high: aOR = 6.56, 95%
CI: 5.27-8.17). We obtained similar results after adding health factors (drinking and chronic
disease history) in multivariable logistic regression model C. The perceived susceptibility
and severity of COVID-19 reinfection, which has been shown to affect vaccination intention
in previous studies [27,28], were included in model D. The results showed that people with
moderate and high levels of pandemic fatigue were 2.92 (95%CI: 2.45,-3.49) times and 6.80
(95%CI: 5.44-8.50) times more hesitant to receive the next dose of vaccine than those with
low levels of fatigue, respectively. Furthermore, we adjusted for all covariates that were
significantly unevenly distributed in pandemic fatigue in model E, in which the higher
the level of pandemic fatigue among people with a history of COVID-19 infection, the
more likely they were to be unwilling to receive the next dose of the COVID-19 vaccine
(moderate: aOR = 2.94, 95% CI: 2.46-3.53; high: aOR = 6.88, 95% CI: 5.49-8.64).

Table 3. ORs (95%CI) for the hesitancy toward the next dose of COVID-19 vaccines according to
pandemic fatigue.

Low Pandemic Fatigue = Moderate Pandemic Fatigue = High Pandemic Fatigue

Models

OR (95%CI) OR (95%CI) OR (95%CI)
Model A 1 (Reference) 2.89 (2.42, 3.44) * 6.51 (5.24,8.11) *
Model B 1 (Reference) 291 (2.44,347)* 6.56 (5.27,8.17) *
Model C 1 (Reference) 2.96 (2.48, 3.53) * 6.79 (5.4, 8.48) *
Model D 1 (Reference) 2.92(2.45,3.49) * 6.80 (5.44, 8.50) *
Model E 1 (Reference) 2.94 (2.46, 3.53) * 6.88 (5.49, 8.64) *

* A p-value less than 0.05 is considered to be statistically significant. Model A: unadjusted. Model B: adjusted
for sociodemographic factors (gender, age, location, and education). Model C: model B plus health factors
(drinking and chronic disease history). Model D: model C plus risk perception factors (perceived susceptibility
and perceived severity). Model E: model D plus COVID-19 vaccination history and self-reported long COVID.

3.5. Subgroup Analyses

Subgroup analyses were exhibited in Table S2, and no modification was found in
most subgroups (all p for interaction > 0.05), except for people stratified by education
and smoking history. The association between pandemic fatigue and vaccine hesitancy
weakened gradually with increasing education levels but remained significant. In the
subgroup with the lowest education level, people who perceived high pandemic fatigue
were 10.97 times more likely to be vaccine-hesitant than those with low pandemic fatigue,
while it decreased to 3.88 times in the Master’s degree subgroup. Furthermore, the impact of
pandemic fatigue on vaccination intention was more pronounced in the smoking subgroup
(moderate: aOR = 3.57, 95% CI: 2.09-6.09; high: aOR = 10.47, 95% CI: 5.60-19.57) than in
the non-smoking subgroup (moderate: aOR = 2.94, 95% CI: 2.42-3.57; high: aOR = 6.60,
95% CI: 5.15-8.45).

4. Discussion

China experienced a nationwide Omicron variant outbreak from late 2022 to early
2023 [3,4]. To our knowledge, this is the first study to explore the COVID-19 vaccination
intention and pandemic fatigue among people with a history of COVID-19 nearly six
months after that event. According to our results, of the 2942 participants, 1242 (42.2%)
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were hesitant to receive the next dose of COVID-19 vaccines, and 67.2% of the vaccine-
hesitant participants were marked as “not sure”. Only 40.7% of respondents reported
a low level of pandemic fatigue, and the scores of all six pandemic fatigue items in the
vaccine-hesitant group were significantly higher than those in the vaccine-accepting group.
Based on the results of a series of regression models, people with moderate and high levels
of pandemic fatigue were more likely to be hesitant to receive the next dose of COVID-19
vaccines than those with low levels of fatigue. These findings will help government
authorities and relevant parties to take the potential threat behind the pandemic fatigue
and vaccine hesitancy seriously, and promote future vaccination policies among infected
people in an orderly and precise manner, thus ensuring the health and well-being of the
population to the greatest extent possible.

In contrast to high COVID-19 vaccine acceptance in the general population, our
findings found that 42.2% of the 2942 participants were hesitant to receive the next dose
of COVID-19 vaccines [27,29-32]. A growing number of studies have demonstrated that
patients who have recovered from COVID-19 have lower vaccination coverage and vaccine
intention than the general population [8,13,33]. The Household Pulse Survey in the United
States, which collected information on vaccination status (at least one dose) and vaccination
intention of 63,266 people from 21 July to 2 August 2021, found that people with previously
diagnosed COVID-19 had lower vaccine coverage (aPR = 0.88, 95%CI: 0.86-0.91) [13]. In
terms of willingness to be vaccinated, people with a history of COVID-19 were more
likely to be unwilling to receive the next dose of vaccine than uninfected people [13].
Gerussi et al. surveyed COVID-19 vaccine hesitancy in Italian patients who had recovered
from COVID-19 in 2021 and found that 34.2% and 24.9%, respectively, were undecided or
unwilling to receive COVID-19 vaccines [33]. In Wuhan, China, 1422 recovered patients had
a 37.8% rate of COVID-19 vaccine hesitancy, since they believed they already had enough
antibodies [8]. In addition, according to our results, those who are single, non-smokers,
have low perceived severity after reinfection and did not report long COVID symptoms
were more likely to be vaccine hesitant. Previous studies have also confirmed the relatively
lower rate of hesitancy among people with more severe illness, high perceived severity,
and the perception that they may develop sequelae [8,33,34]. These findings point to the
need to focus on educating and confidence-building interventions for adults at the time of
COVID-19 diagnosis, at clinic visits, or hospital discharge, as well as to better educate the
public about the value of vaccination.

The direct and indirect effects of COVID-19 have caused great stress to the population
and led to poor mental health outcomes [35]. According to our study, more than three
years after COVID-19 raged, all participants showed varying degrees of pandemic fatigue,
including information fatigue and health protection-related behavioral fatigue. Compared
with a survey conducted in China in early 2022 [16], the average scores of the six items of
PFS in our study were significantly higher, which may be related to the different survey
times and respondents, but may also imply more obvious fatigue and reduced cooperation
for epidemic prevention and control at present. In this study, a higher level of pandemic
fatigue clustered in people who are male, living in urban areas, smoking, drinking, strug-
gling with chronic disease, higher perceived susceptibility, longer time since the most
recent vaccination, and have self-reported long COVID. Such an unexpected, prolonged
pandemic will further worsen people’s mental health and ability to cope with the situation,
thus leading to mental fatigue, which is thought to be a natural psychological response
of individuals through overexposure to negative information related to the pandemic
and repeated implementation of behavioral restrictions [36]. On 5 May 2023, the World
Health Organization declared that COVID-19 no longer constituted a PHEIC, but had
transformed into an established and ongoing global health problem. Many people have
generally negative attitudes toward chronic public health crises and have less motivation to
engage in protective behaviors [36]. Yue et al. investigated fatigue during the three waves
of the epidemic in China and showed that with the development of the epidemic, people
experienced different degrees of pandemic fatigue, which may affect the occurrence of
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psychosomatic symptoms and perceived stress, reminding government authorities to pay
attention to this phenomenon to avoid the occurrence of potential crises [36].

Across a range of models, pandemic fatigue was consistently positively associated
with vaccine hesitation rates among those recovering from COVID-19, which became more
significant with increasing adjustment. Previous studies in different populations have also
reached similar conclusions [18,37]. Ali-Saleh et al. surveyed 2843 Arab parents and found
that pandemic fatigue was indirectly associated with parents’ less positive attitudes toward
vaccinating their children [37]. An anonymous cross-sectional study of general adults in
Malaysia found that those with a lower pandemic fatigue score were more willing to be
vaccinated against COVID-19 (OR = 2.34, 95% CI: 1.75-3.22) [18]. Pandemic fatigue is an
expected and natural response to a prolonged public health crisis [18,38]. The concept of
behavioral fatigue related to compliance with COVID-19 restrictions or pandemic fatigue
is a social issue. During this pandemic, the impact of mental fatigue has started to have
a cascading impact on vaccination efforts [39]. Fatigue may begin to cast doubt on the
effectiveness of COVID-19 mitigation strategies and reluctance to take steps to end the
pandemic, including vaccination [18]. Thus, pandemic fatigue is a potential correlate of
vaccine acceptance and may impede the translation of vaccination intentions into behaviors.
Addressing pandemic fatigue requires a robust multipronged response that addresses
motivation in terms of the costs and benefits of mitigation [18].

This is a nationwide study encompassing all provinces in mainland China, which is
representative and statistically efficacious. However, as described in the Methods section,
this is a cross-sectional study and caution is needed when making causal inferences. Second,
only those with access to the Internet were able to participate in this survey, which to
some extent ignores the remaining portion of the population and may lead to selection
bias. Third, we did not adjust for social media use, income, occupation, and vaccine
production information when analyzing the association between pandemic fatigue and
vaccine hesitancy, and there is a possibility that the level of association was misestimated.
Additionally, it is important to note that this study was conducted only in patients who had
recovered from COVID-19, so the levels of pandemic fatigue and vaccine hesitancy in this
study were not representative of the general population. Future studies with longitudinal
or experimental designs are encouraged to confirm our findings and elucidate potential
mechanisms and interventions to reduce pandemic fatigue and vaccine hesitancy.

5. Conclusions

In this study, 42.2% of participants with a history of COVID-19 were hesitant to
receive the next dose of COVID-19 vaccines, and only 40.7% of respondents reported a
low level of pandemic fatigue. People with higher levels of pandemic fatigue were more
likely to be hesitant to receive the next dose of COVID-19 vaccines. Therefore, given the
ongoing reinfections, implementing a health education plan to reduce pandemic fatigue
and prioritizing vaccination issues for people with a history of COVID-19 may be vital
in promoting the reduction of the COVID-19 disease burden and ensuring the health and
well-being of the population.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/vaccines11101570/s1, Table S1: collection of valid questionnaires
by region in mainland China; Table S2: subgroup analysis of the association between pandemic fatigue
and COVID-19 vaccine hesitancy among 2942 participants who have recovered from COVID-19
in China.
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