The Journal of
International

Advanced

Otology

J Int Adv Otol 2023; 19(3): 228-233 e DOI: 10.5152/ia0.2023.22937

Original Article

Vertigo and Dizziness After Coronavirus Disease-2019
Vaccination: A Nationwide Analysis

Sang Hoon Kim'®, Dong Keon Yon?®, Yong Sung Choi*®, Jinseok Lee*®, Ki-Ho Park>®,
Young Ju Lee®®, Dong Choon Park’®, Sung Soo Kim®®, Hwa Sung Rim'®, Seung Geun Yeo'

'Department of Otorhinolaryngology Head & Neck Surgery, Kyung Hee University School of Medicine, Kyung Hee University Medical Center, Seoul,
Korea

2Center for Digital Health, Medical Science Research Institute, Kyung Hee University School of Medicine, Kyung Hee University Medical Center, Seoul,
Korea

3Department of Pediatrics, Kyung Hee University School of Medicine, Kyung Hee University Medical Center, Seoul, Korea

“Department of Biomedical Engineering, Kyung Hee University, Youngin, South Korea

*Division of Infectious Diseases, Department of Internal Medicine, Kyung Hee University School of Medicine, Kyung Hee University Medical Center,
Seoul, Korea

SDepartment of Obstetrics and Gynecology, Kyung Hee University School of Medicine, Kyung Hee University Medical Center, Seoul, Korea
’Department of Obstetrics and Gynecology, St. Vincent's Hospital, The Catholic University of Korea, Suwon, Korea

8Department of Biochemistry and Molecular Biology, College of Medicine, Kyung Hee University, Seoul, Korea

ORCID IDs of the authors: S.H.K. 0000-0001-5045-5060, D.K.Y. 0000-0003-1628-9948, Y.S.C. 0000-0001-9181-7849, J.L. 0000-0002-8580-490X,
K.-H.P. 0000-0003-0000-9016, Y.J.L. 0000-0001-5294-7368, D.C.P. 0000-0001-6259-5319, S.S.K. 0000-0003-1638-5526, H.S.R. 0000-0003-3794-
151X, S.G.Y. 0000-0001-8021-1024.

Cite this article as: Hoon Kim S, Keon Yon D, Sung Choi Y, et al. Vertigo and dizziness after coronavirus disease-2019 vaccination: A nationwide
analysis. J Int Adv Otol. 2023;19(3):228-233.

BACKGROUND: Side effects occurring after COVID-19 vaccination can include vertigo and dizziness. Despite its high incidence, few studies to
date have assessed dizziness/vertigo after vaccination. The present study investigated the incidence of dizziness/vertigo after COVID-19 vaccina-
tion in South Korea.

METHODS: Adverse reactions to COVID-19 vaccination reported to the Korea Disease Control and Prevention Agency from February 26, 2021,
to July 31, 2022 (week 74) were analyzed. The incidence rates of dizziness/vertigo in subjects vaccinated with 5 COVID-19 vaccines, AZD1222
(AstraZeneca), BNT162b2 (Pfizer-BioNTech), JNJ-78436735 (Janssen), mRNA-1273 (Moderna), and NVX-CoV2373 (Novavax), were determined.

RESULTS: A total of 126 725 952 doses of COVID-19 vaccine were administered, with 473 755 suspected adverse reactions (374 per 100 000 vac-
cinations) reported. Vertigo/dizziness was reported after the administration of 68 759 doses, or 54.3 per 100 000 vaccinations, making it the third
most common adverse reaction after headache and muscle pain.

CONCLUSION: Dizziness/vertigo was generally a mild adverse reaction after COVID-19 vaccination, but it was the third most common adverse
reaction in Korea. Studies are necessary to clarify the causal relationship between vaccination and dizziness/vertigo and to prepare subjects for
this possible adverse reaction.
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INTRODUCTION

The coronavirus disease-2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
prompted an unprecedented effort to develop and disseminate vaccines worldwide. Although these vaccines have been shown
to be safe and effective, they have given rise to various unexpected side effects. Although most of these adverse effects have been
mild, some have been severe. Because their benefits in protecting individuals from COVID-19 generally outweigh any possible side
effects of COVID-19 vaccines, vaccination is recommended.'?

Dizziness/vertigo is one of the most common side effects following COVID-19 vaccination; however, to date, little is known about
the incidence and intensity of dizziness/vertigo after COVID-19 vaccination. The present study therefore evaluated the nationwide
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incidence and severity of dizziness/vertigo following COVID-19 vac-
cination in South Korea.

METHODS

The records of the Korea Disease Control and Prevention Agency were
reviewed to determine the number of doses of COVID-19 vaccine
administered nationwide in Korea from February 26, 2021, to July 31,
2022 (week 74), as well as the numbers and types of adverse reactions
following vaccination.? Adverse reactions were defined as undesir-
able and unintended signs, symptoms, or diseases occurring after
vaccination, without having a causal relationship with the vaccine.
Data were recorded on the number of people who received 5 COVID-
19 vaccines, AZD1222 (AstraZeneca), BNT162b2 (Pfizer-BioNTech),
JNJ-78436735 (Janssen), mRNA-1273 (Moderna), and NVX-CoV2373
(Novavax), and on their adverse reactions. Four of these vaccines,
AZD1222,BNT162b2, mRNA-1273, and NVX-CoV2373, were adminis-
tered in a 2-dose regimen, whereas JNJ-78436735 was administered
as a single dose.? All information on cases with adverse events was
updated weekly and was available at the website https://ncv.kdc
a.go.kr/eng/. Vaccination data, including vaccine type, epidemiologi-
cal data, symptom onset dates, symptoms, and complications, were
obtained from the Korea Centers for Disease Control and Prevention.*

Adverse events were expressed as numbers per 100 000 inoculations
and stratified by vaccine type. The study protocol was approved
by the Institutional Review Board of Department of Obstetrics
and Gynecology, St. Vincent's Hospital, The Catholic University of
Korea, Suwon, Korea, which waived the requirement for informed
consent because of the retrospective nature of this study (IRB No.
2022-06-042).

RESULTS

From February 26,2021, to July 31,2022, 125 309 520 doses of COVID-
19 vaccine were administered, with 473 775 suspected adverse reac-
tions (374 per 100 000) reported. The numbers and rates of adverse
reactions decreased as the number of doses increased, with 240 226
suspected adverse reactions (536 per 100 000) reported after first
doses, 175 178 (408 per 100 000) after second doses, 54 952 (165
per 100 000) after third doses, and 3399 (61 per 100 000) after fourth
doses (Figure 1).

Of the COVID-19 vaccine doses administered, 62.7% were the
Pfizer vaccine, 19.6% were the Moderna vaccine, 16.1% were the
AstraZeneca vaccine, 1.2% were the Janssen vaccine, and 0.5% were
the Novavax vaccine. Rates of adverse reactions per 100 000 doses
of these 5 vaccines were 305, 452, 541, 587, and 142, respectively
(Figure 2). Dizziness/vertigo was reported following the administra-
tion of 68 759 doses of vaccine (54.3 per 100 000), making dizziness/
vertigo the third most common suspected adverse reaction, after
headache and muscle pain (Figure 3).

In children and adolescents, dizziness/vertigo was reported after
administration of 2859 doses of vaccine (42.6 per 100 000), making
dizziness/vertigo the fourth most frequent adverse event in this age
group, after headache, chest pain, and muscle pain (Figure 4).

Fifty adverse reactions to vaccine were reported in pregnant women,
including 1 death due to a severe adverse reaction, 2 spontaneous
abortions, and 1 congenital malformation. Dizziness/vertigo was
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observed in 5 pregnant women after vaccination, making it the sixth
most common adverse reaction, after headache, abdominal pain,
muscle pain, chest pain, and abnormal uterine bleeding (Figure 5).

DISCUSSION

According to the World Health Organization (WHO), the number
of confirmed cases of COVID-19 worldwide has exceeded 585 950
085, and 6 425 422 persons have died of this disease.® This respira-
tory syndrome is caused by infection with the SARS-CoV-2 RNA virus,
which enters the body via aerosol, blood, and the nervous system.
Three months after the first case was reported in December 2019, the
WHO declared a global pandemic. Although fatality rates vary greatly
by country and age, the global fatality rate is about 2.1%. Elderly
patients, immunocompromised patients, and patients with underly-
ing diseases are particularly susceptible to severe infection and death.

Aerosol transmission involves the movement of SARS-CoV-2 from
one cell to another. Although the pathophysiology of audioves-
tibular disorders due to COVID-19 is unknown, several potential
mechanisms have been suggested. First, SARS-CoV-2 can induce
neuroinflammation, resulting in brainstem damage or dysfunction
and leading to cranial nerve paralysis and motor deficits as well as
defects in the vestibular system.®” Second, virus can invade the inner
ear or vestibular cochlear nerve, giving rise to cochleitis and/or neu-
ritis leading to vertigo, tinnitus, and hearing loss.2 Third, because the
cochlea and semicircular canals are highly susceptible to ischemia
due to their lack of an ancillary blood supply, SARS-CoV-2 infec-
tion of these structures can give rise to vascular disorders. Various
cardiovascular symptoms, including coagulation abnormalities,
have been reported in patients with COVID-19, with the sequelae
of these symptoms leading to thrombosis or hypoxia in the inner
ear®"" Fourth, viruses can damage the blood-labyrinth barrier and
invade inner ear structures through infected and activated mono-
cytes that attack the vasculature. Viral deoxygenation of red blood
cells can also lead to hypoxia and further damage to the inner ear.”'?
Fifth, antibodies or T cells directed against viruses can misidentify
inner ear antigens as viruses and cause accidental damage to the
inner ear.? Sixth, sequelae of immune-mediated disorders, such as
excessive production of proinflammatory cytokines, can negatively
affect the audiovestibular system.’>'> Finally, excess reactive oxy-
gen species and some natural and artificial chemicals can stimu-
late inflammatory processes, inducing the synthesis and secretion
of proinflammatory cytokines, such as interleukin (IL)-6 and IL-1,
and tumor necrosis factor-alpha. Inflammation and oxidative stress
are closely related to pathophysiological processes and are closely
linked to each other.”'¢

As of August 13, 2022, 12 355 390 461 vaccine doses have been
administered worldwide.® Vaccination against COVID-19 is a safe way
to train the body's immune system to acquire immunity and prevent
viral infection. In addition to reducing the risk of infection, vacci-
nation can prevent the progression to serious illness or death. The
COVID-19 vaccine can protect high-risk individuals from contracting
COVID-19, such as medical staff, elderly patients, and patients with
underlying medical conditions, and those at high risk of developing
severe illness when infected."’'®

Adverse events after vaccination against COVID-19 refer to all
unintended symptoms that occurred after vaccination. In the data
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Figure 1. Numbers of suspected adverse reactions to COVID-19 vaccination.
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Figure 2. Rates of suspected adverse reactions to each type of COVID-19 vaccine.
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Figure 3. Rates of each type of adverse reaction to vaccines.Rates were calculated based on information reported by medical institutions of suspected adverse
reactions after vaccination against COVID-19. The diagnostic accuracy of symptoms or the causal relationships between vaccination and adverse reactions were
not determined.
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Figure 4. Rates of each type of adverse reaction to vaccines in children and adolescents. Rates were calculated based on information reported by medical
institutions of suspected adverse reactions after vaccination against COVID-19. The diagnostic accuracy of symptoms and the causal relationships between

vaccination and adverse reactions were not determined.

analyzed in the present study, the rate of dizziness/vertigo after
COVID-19 vaccine was 54.3 per 100 000, making dizziness/vertigo
the third most reported adverse event, after headache and muscle
pain. The onset of symptoms of dizziness/vertigo has been reported
to occur from 1 to 42 days after COVID-19 vaccination.'

Audiovestibular adverse events following immunization (AEFI) with
COVID-19 vaccine are very rare, whereas the rates of sudden sen-
sorineural hearing loss, tinnitus, and vertigo have been reported to
have increased over time. The pathophysiology of audiovestibular
disorders, including dizziness/vertigo, occurring after COVID-19 vac-
cination is unclear, but several potential mechanisms have been sug-
gested. First, mRNA vaccines can induce self-adjuvanting activity,
allowing mRNA to act as antigen and adjuvant simultaneously. This
may result in the induction of an autoimmune response and the pro-
duction of type | interferon, resulting in strong T and B cell responses
and activation of autoreactive lymphocytes.?’ Second, antibodies to
SARS-CoV-2 spike protein may cross-react with inner ear antigens
due to molecular mimicry, resulting in the development of AEF].2"?
Third, viral antigen-antibody complexes can cause hypersensitivity
reactions, leading to local inflammation that damages microves-
sels in the inner ear. Finally, because SARS-CoV-2 spike protein is
an effective activator of the alternative complement pathway, it can
damage endothelium and induce thrombus formation by enhancing
platelet aggregation.?*?

Future analyses of dizziness/vertigo following COVID-19 vaccination
should determine whether dizziness is due to peripheral vertigo,
central vertigo, or vertigo caused by other diseases. Otoneurological
evaluation, along with a dizziness test, of 33 patients with “acute
vertigo” after COVID-19 vaccination showed that 16 (48.5%) had
symptoms of objective vertigo, 16 (48.5%) had subjective vertigo, 14
(42.4%) had vertigo, and 3 (9.1%) had dizziness. On bedside exami-
nation, 7 (21.2%) and 9 (27.3%) patients had horizontal and rota-
tory nystagmus, respectively, and 17 (51.5%) had vertical or oblique
nystagmus. Although the patient sample was small, these results
suggested that 51.5% of those with “acute vertigo” after COVID-19
vaccination did not have peripheral vestibular dysfunction.'

It is also necessary to determine whether dizziness/vertigo occur-
ring after COVID-19 vaccination was due to the vaccine itself or to
exacerbation of existing conditions. A study of 30 subjects with oto-
logic conditions after COVID-19 vaccination showed that 6 (20%) had
Meniere's disease, 2 (6.7%) had autoimmune inner ear disease (AIED),
and 3 (10%) had a history of simultaneous treatment for Meniere's
disease and AIED.%

It is also important to analyze vertigo and dizziness separately.
Most previous studies of dizziness/vertigo have been based on
self-reported questionnaires without detailed history taking and

Adverse reactions reported by pregnant women (cases)
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Figure 5. Rates of each type of adverse reaction to vaccines in pregnant women.Rates were calculated based on information reported by medical institutions
of suspected adverse reactions after vaccination against COVID-19. The diagnostic accuracy of symptoms and the causal relationships between vaccination and

adverse reactions were not determined.
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examinations for dizziness/vertigo and most reported the combined
prevalence of vertigo and dizziness. Because dizziness is commonly
reported in COVID-19 patients and because it is not of vestibular
origin, it is necessary to separately study vertigo of pure vestibular
origin. Moreover, it is important to accurately determine the causes
of dizziness/vertigo. Because anxiety and stress can also trigger ver-
tigo attacks, vertigo is not likely a side effect of COVID-19 vaccination.
Prospective, large-scale studies that include accurate diagnoses of
dizziness and vertigo are needed to determine the causal relation-
ship of the vaccine with dizziness/vertigo. The present study had
several limitations. First, this study included only numerical data on
subject reports of dizziness/vertigo after vaccination, but there is no
information on telephone interviews, bedside examinations, ques-
tionnaires, the side effects incidence shown for decades of age in the
studied population, objective test results, and accurate diagnoses
of dizziness/vertigo. Second, because immunity is usually acquired
2 or more weeks after vaccination, it is possible to become infected
with COVID-19 immediately after vaccination. Therefore, the number
of subjects with dizziness/vertigo after vaccination injection may
include subjects with dizziness/vertigo due to COVID-19 or another
upper respiratory tract infection, suggesting that, in these subjects,
dizziness/vertigo was not a side effect of the vaccine. Third, this
study combined vertigo and dizziness as a side effect of COVID-19
vaccination. Future studies are needed to separately evaluate rates
of vertigo of vestibular origin and dizziness of non-vestibular origin.
Fourth, because the reported rates of adverse effects were influenced
by various factors, such as subject age at inoculation, gender, and
awareness of vaccines, it was not possible to analyze the incidence
of dizziness/vertigo related to each vaccine or the time of occurrence
after inoculation.

CONCLUSION

Dizziness/vertigo was generally a mild adverse reaction after COVID-
19 vaccination, but it was the third most common adverse reaction
in Korea. Studies are necessary to clarify the causal relationship
between vaccination and dizziness/vertigo and to prepare subjects
for this possible adverse reaction.
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