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Objective: Acute otitis media (AOM), a common middle ear infection, can lead to severe
complications if not properly managed. The coronavirus disease 2019 (COVID-19) pandemic
significantly impacted healthcare delivery and disease management. This study aimed to evaluate
the incidence of complicated AOM cases from the pre-pandemic to post-pandemic period.

Abstractp

Methods: A retrospective review was conducted at Necmettin Erbakan University, Department
of Otolaryngology, on patients diagnosed with complicated AOM in the period from January
2014 to February 2024. Patients were categorized into three periods: pre-pandemic (2014-2020),
pandemic (2020-2022), and post-pandemic (2023-2024). Clinical data, including demographics,
types of AOM complications, and treatment methods, were analyzed.

Results: A total of 32 patients (20 females and 12 males) with AOM complications were identified.
Mastoiditis was the most common complication, seen in 43.75% of the patients, with increased
incidences of 64.3% in the post-pandemic period. Subperiosteal abscess was noted in 12.5 %
of the patients, exclusively in the pandemic and post-pandemic periods. Facial nerve paralysis
(12.5%) and labyrinthitis (9.3%) were noted only in the post-pandemic period. Meningitis was
noted in 15.6% of the patients, with increased incidences in the post-pandemic period. Observed
during the post-pandemic period, sigmoid sinus thrombosis was noted in only one patient (3.1%).

Conclusion: Despite the reduced AOM incidence rates during the early pandemic, a surge was
seen in complicated AOM cases in the post-pandemic period. This increase could be linked to
COVID-19’s impact on the immune system, pathogen virulence changes, and disruptions in
vaccination protocols. These findings highlight the need for improved surveillance of AOM cases
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Acute otitis media (AOM) is the infection
of the middle ear caused by bacterial or
viral pathogens leading to inflammation
and fluid buildup behind the eardrum.
AOM is one of the most common
diagnoses seen in childhood. It affects

prescribed with antibiotics in pediatric
patients (1). Although it is accepted as
a benign condition with treatment and
preventive options, it can progress to
complications, particularly if left untreated
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or inadequately managed. The complications of AOM have
a broad range, from intratemporal to intracranial, and could
result in life threatening conditions. The most common
intratemporal complication is mastoiditis, while the most
commonly seen intracranial complication is meningitis (2).
Accessibility to antibiotics and generalized application of
vaccination has dramatically decreased the frequency of these
complications of AOM. Whereas a shortage of specialists in
underdeveloped countries and long waiting lists in developed
countries are of public health concern in preventing these
complications.

The emergence of the coronavirus disease 2019 (COVID-19)
pandemic led to significant disruptions in healthcare systems
worldwide, profoundly affecting the epidemiology and
management of infectious diseases. Non-pharmaceutical
interventions such as social restrictions, universal masking,
social distancing, and national lockdowns were implemented
to reduce COVID-19-related morbidity and mortality. These
social restrictions also contributed to a noticeable decrease
in hospital admissions for AOM, acute tracheitis, and
acute laryngitis which are caused by other microorganisms
(3). However, during the post-pandemic period with the
relaxation of the social restrictions, there was a subsequent
increase in severe upper respiratory infections which led
to complications that required surgical intervention (2).
Infections, which decreased throughout the pandemic,
began to reappear in increasing numbers, revealing more
complicated consequences in the post-pandemic period.

The increase in complicated infections observed in the post-
pandemic period is believed to be linked to the effects of the
pandemic itself, as well as to the changes in the virulence of
the causative microorganisms. One key factor is the disruption
of the immune system caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus. A study by
Hopkins et al. (4) has shown that SARS-CoV-2 could impair
the development of long-term immune responses, potentially
weakening the body’s ability to effectively combat infections,
including AOM, and increasing the risk of complications.

Another significant consequence of the pandemic has been
the interruption of routine vaccination programs, even in
developed countries. The reduction in well-child visits during
the pandemic led to fewer opportunities for administering
essential vaccinations, which may have contributed to the
observed rise in infections caused by microorganisms other
than SARS-CoV-2 (5). Moreover, changes in the virulence
of pathogens during this period resulted in weaker immune
responses and reduced the efficacy of medical treatments,
including antibiotics, thereby increasing the incidence of
secondary complications.

In this context, we aimed to investigate the effect of the
COVID 19 pandemic on the incidence of complicated AOM

cases from the pre-pandemic to the post-pandemic period.
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Methods

We retrospectively analyzed the records of AOM patients
who were diagnosed based on the American Academy of
Pediatrics, 2013 AOM Clinical Practice Guideline and
the American Academy of Otolaryngology-Head and
Neck Surgery, 2016 OME Clinical Practice Guideline
(6,7). Patients who were admitted to Department of
Otolaryngology, Necmettin Erbakan University, Turkey
between January 2014 and February 2024 with complicated
AOM were included in the study. A total of 4,207 AOM
cases were analyzed. The inclusion criteria for complicated
otitis media were based on the presence of complications
such as mastoiditis, facial nerve paralysis (FNP), meningitis,
indicating that the infection did not remain confined to the
middle ear but spread to the surrounding tissues, affecting
intracranial and extracranial areas.

In patients who developed complications after AOM, physical
examination, laboratory findings, and imaging methods such
as computed tomography (CT) and magnetic resonance
imaging were used during the diagnostic process. Acute
mastoiditis was diagnosed based on physical examination
findings such as redness and swelling behind the ear, forward
displacement of the auricle, otalgia, and high fever, along with
temporal CT findings showing loss of mastoid bone aeration
and increased soft tissue density. Grading of FNP in patients
performed according to House-Brackmann grading scale.
The diagnosis of meningitis was established by analyzing
the cerebrospinal fluid obtained through lumbar puncture
in patients presenting with symptoms such as high fever,
neck stiffness, headache, and altered consciousness. The
diagnosis of subperiosteal abscess was established in patients
with clinical findings such as prominent swelling, redness,
tenderness behind the ear, and anterior displacement of the
auricle. The diagnosis was confirmed by contrast-enhanced
temporal CT, demonstrating mastoid bone destruction and
fluid accumulation in the periosteal space. The diagnosis of
labyrinthitis was established based on the clinical evaluation
in patients with sudden-onset vertigo, hearing loss, and
tinnitus, confirmed by audiological tests revealing hearing
impairment.

Patients whose information was not available, or incomplete,
were excluded from the study. Patients who had genetic
disorders with immune dysregulation, patients who were
using immune suppression drugs were excluded from the

study.

The pandemic period in Turkiye began in March 2020 with
the arrival and rapid spread of the first COVID-19 case. The
years 2020-2022 were considered the COVID-19 pandemic
period, during which lockdowns, online education, travel
restrictions, and a nationwide vaccination campaign were
implemented. After 2022, with the complete removal of
the mask mandate in indoor spaces and the lifting of other
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restrictions, Tirkiye transitioned into the post-pandemic
period. Therefore, in our study, the periods were divided into
three phases: the pre-pandemic (January 2014-February
2020), the pandemic (March 2020 - December 2022),
and the post-pandemic (January 2023 - February 2024).
Demographic data, clinical findings of the patients, their
complications, treatment modalities, and clinical outcomes
were noted.

This study was approved by the Non-Interventional
Clinical Research Ethics Committee of Necmettin Erbakan
University (approval no: 2024/4910, date: 05.04.2024).
Clinical observation was conducted in accordance with the
principles of good clinical practice.

Statistical Analysis
Data was analyzed using SPSS 22.0 software. The normality

of data distribution was studied using the Kolmogorov-
Smirnov test. Depending on the normality assumption,
the distribution of patients’ demographic characteristics
was presented as mean * standard deviation or median
(minimum-maximum). Categorical variables were expressed
as absolute frequencies and percentages.

No inferential statistical tests were performed, and data
was presented descriptively to provide an overview of the
patient population, complications, and trends across the pre-
pandemic, pandemic, and post-pandemic periods.

Results

The study results have revealed that 32 patients were
diagnosed with complications secondary to AOM in the
study period. These complications included mastoiditis,
subperiosteal abscess, FNP, meningitis, labyrinthitis, and
sigmoid sinus thrombosis. The cohort had a mean age of
27.5+26.7 years, ranging from two months to 75 years. Of
the 32 patients, 20 (62.5%) were female and 12 (37.5%)
were male. Eighteen of the patients were in the pediatric
age group under 18 years, while 14 were over 18 years. The
predominant presenting symptom was otalgia, reported in
85% of the cases. The distribution of diagnoses along with
the years are shown in Table 1 and Figure 1.

During the pre-pandemic period (2014-2020), the number
of AOM cases admitted to our hospital was 2,998, while
the number of complicated AOM cases was Four During
the pandemic period (2020-2022), the number of admitted
AOM cases was 856, with six cases of complicated AOM.
In the post-pandemic period (2023-2024), the number
of admitted AOM cases was 353, while the number of
complicated AOM cases had risen to 22. A significant rise
in the proportion of complicated AOM cases among total
AOM cases was observed, particularly during the pandemic
and post-pandemic periods. The number of total AOM and
complicated AOM cases by years are shown in Figure 2.
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Additionally, while all complicated AOM cases presenting
to our hospital during the pre-pandemic period were adult
patients, the majority of complicated AOM cases during the
pandemic and post-pandemic periods consisted of pediatric
patients. Among the six complicated AOM patients in
the pandemic period, four were in the pediatric age group,
whereas among the 22 complicated AOM patients in the
post-pandemic period, 14 were in the pediatric age group.
Compared to the pre-pandemic period, the incidence of
complicated AOM cases in the pediatric patient population
had significantly increased.

Mastoiditis was the most common complication affecting
14 patients (43.75%). Analysis revealed a notable shift in
the incidence across periods: one patient (7.1%) in the pre-
pandemic period, four patients (28.6%) during the pandemic,
and a substantial increase to nine patients (64.3%) in the
post-pandemic period. Treatment protocols for mastoiditis
predominantly included antibiotic therapy, with additional
surgical interventions such as mastoidectomy (three
patients), local drainage (three patients), and ventilation
tube placement (one patient). All patients diagnosed with

Table 1. Number of patients with complications of AOM across
pre-pandemic, pandemic, and post-pandemic periods

Acute otitis media Pre- . Pandemic Post- )
complications ?;;ﬁi‘;(‘);o) (2020-2022) F;(;IZ(;{I;I(;; "
Mastoiditis 1 4 9
Subperiosteal abscess 0 1 3

Facial nerve paralysis 0 0 4
Meningitis 2 1 2
Labyrinthitis 1 0 3
I S R

Total 4 6 2

AOM: Acute otitis media

Numbers of complicated AOM patients regarding to pandemic periods

o L l’l.

Pre-pandemic (2014-2020) Pandemic (2020-2022) Post-pandemic(2023-2024)

Patient Numbers

Pandemic Periods

m Mastoiditis m Subperioeal Absces m Facial Nerve Paralysis

Meningitis m Labyrinthitis m Smgoid Sinis Thrombosis
Figure 1. Numbers and trends of complicated AOM cases across
pre-pandemic, pandemic, and post-pandemic periods

AOM: Acute otitis media
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mastoiditis recovered without any sequelae after medical and
surgical treatments.

Subperiosteal abscesses were identified in four patients
(12.5%). These abscesses were distributed as follows: one
patient (25%) in the pandemic and three patients (75%)
in the post-pandemic period. Management encompassed
both antibiotic therapy and surgical procedures, including
local drainage (three patients) and mastoidectomy (one
patient). The physical examination findings of a left-sided
subperiosteal abscess in a 2-year-old girl are illustrated in
Figure 3. Additionally, Figure 4 presents the CT scan of a
3-year-old patient with acute mastoiditis complicated by
a subperiosteal abscess in the right ear (axial plane). All
patients diagnosed with subperiosteal abscess recovered
without any sequelae after treatments.

FNP was observed in four patients (12.5%),and all cases were
detected in the post-pandemic period. Three patients had
grade 3 FNP, and one patient had grade 4 FNP. Treatment
strategies included antibiotic treatment, ventilation tube
placement and steroid therapy. One patient, who also had
mastoiditis, required a mastoidectomy. Of the FNP patients,
three achieved complete recovery, while one experienced
persistent grade 2 facial paralysis at 6-month follow-up.

Meningitis was diagnosed in five patients (15.65%). The
distribution of meningitis cases across the periods was two
patients (40%) in the pre-pandemic period, one patient (20%)
during the pandemic, and two patients (40%) in the post-
pandemic period. All patients received antibiotic therapy,
and one patient also underwent ventilation tube placement.
Notably, the most recent addition was an 18-year-old male
diagnosed with meningitis in the post-pandemic period, who
was managed with antibiotic therapy. He was diagnosed with
bilateral AOM and was started on oral antibiotic therapy.
Even though early antibiotic treatment was initiated-
one day after the diagnosis-the case progressed to clinical
meningitis, and the disease was brought under control after
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Figure 2. Annual distribution of total AOM and complicated AOM
cases, illustrating the increase in complications post-pandemic

AOM: Acute otitis media
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hospitalization and broad-spectrum antibiotic treatment. All
patients diagnosed with meningitis recovered without any
sequelae with treatments.

Labyrinthitis was observed in four patients (12.5%). The
distribution of labyrinthitis cases was one patient (25%) in
the pre-pandemic period and three patients (75%) in the
post-pandemic period. All individuals who were affected
developed sensorineural hearing loss. Treatment for
labyrinthitis varied; two patients with concurrent mastoiditis
underwent mastoidectomy in addition to medical treatment,
while one patient received myringotomy and ventilation
tube placement along with medical management. After

Figure 3. Physical examination showing left subperiosteal abscess
in a 2-year-old girl

Figure 4. CT scan of a 3-year-old patient with acute mastoiditis
complicated by a subperiosteal abscess in the right ear (axial plane)
CT: Computed tomography
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completing the treatment of patients with labyrinthitis,
the sensorineural hearing loss that occurred in the patients
continued as moderate to severe in the control audiograms.

Sigmoid sinus thrombosis was noted in one patient (3.1%),
identified during the post-pandemic period, and managed
with both antibiotic therapy and ventilation tube placement.
In the patient’s long-term follow-up, no sequelac were
observed.

Discussion

Our study highlights a significant increase in the number of
AOM-related complications during the pandemic and post-
pandemic periods, although they define a shorter period
of time. More severe complications such as mastoiditis,
subperiosteal abscesses, FNP, and meningitis, were seen
particularly in the post-pandemic period. These results
reveal a potential impact of the pandemic on AOM cases and
related complications. Previous studies in the literature have
investigated the effects of COVID-19 on the development of
otitis media and its association with an increased incidence of
acute mastoiditis (8-10). However, unlike other studies, our
study aimed to contribute to the literature by comprehensively
evaluating the increase in other complications, alongside
acute mastoiditis, associated with AOM, specifically in the
post-pandemic period. Additionally, our study is the first on
this topic conducted in Tiirkiye, and its findings serve as a
valuable contribution to and support for studies conducted
in the other regions worldwide.

AOM typically arises from the ascent of pathogens from
the nasopharynx through the Eustachian tube, leading to
inflammation and fluid accumulation in the middle ear.
While most cases of AOM resolve spontaneously or with
appropriate medical management, complications such
as mastoiditis, subperiosteal abscess, labyrinthitis, FNP,
and meningitis can occur. These cases necessitate prompt
recognition and intervention to prevent serious sequelae.
In general, with the introduction of antibiotics, the rate of
complications after AOM had decreased significantly (11).
Complications after AOM were limited to areas where
access to antibiotics is difficult and in cases where antibiotics
are not used properly. However, as our results have revealed

this has changed with the COVID-19 pandemic.
The COVID-19 pandemic had a significant impact on

respiratory infections overall. A greater incidence of complex
upper respiratory tract infections may have resulted from
the relaxation of COVID-19-related limitations (2). SARS-
CoV-2 infection has been shown to induce prolonged
changes in the immune system, including impaired T-cell
response, dendritic cell depletion, and alterations in myeloid
surface markers (4,12). These alterations are suggested to
contribute to long-term immune dysfunction, which may

increase susceptibility to infections such as AOM. Although
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these alterations are not directly assessed in our study, they
represent potential mechanisms that could contribute to the
increased incidence of complicated AOM cases during the
post-pandemic period. Apart from the immune dysregulation
caused by the COVID-19 infection, several other factors
may have contributed to the rise in complicated AOM cases.
These include a weakened immune system due to reduced
exposure to pathogens and slower immune maturation
(12,15). Additionally, changes in pathogen virulence may
also play a role. Furthermore, during the pandemic, access to
well child visits was limited, potentially leading to disruptions
in vaccination programs (15-17). These factors are believed
to be the key reasons for the increase in complicated AOM
cases, especially among pediatric populations, in the post-
pandemic period.

Non-pharmaceutical interventions during the pandemic
reduced the spread of respiratory pathogens, including AOM.
However, the lifting of these restrictions led to a rebound
effect, with a marked increase in AOM cases, likely due
to sudden re-exposure to pathogens (13,14). According to
Cohen et al. (15) extended periods of low microbial exposure
raise the likelihood of subsequent epidemics because of the
population's induced immunity debt and the number of
vulnerable people. The idea of trained immunity refers to a
long-term, pathogen-stimulated functional reprogramming
of innate immune cells that would result in a reinforced
response after sustained exposures. The host defense
would greatly benefit from this procedure (16). Due to the
pandemic’s hygienic efforts, there were fewer infectious
contacts, which may have weakened children’s immune
systems and increased their vulnerability to infections.

Before the pandemic, infant and young children vaccination
coverage rates were acceptable in our country and many
other countries owing to national vaccination programs.
The COVID-19 pandemic affected vaccine coverage rates
across the board, with some seeing a severe decline, especially
during the lockdown periods, and a partial recovery after
that (17). A significant decline in doctor visits, including
well-baby visits, was noted during the initial lockdown that
began in March 2020. Paker et al. (18) revealed that the
most common causative agent of AOM changed over time
and there was a significant improvement in the antibacterial
sensitivity of antibiotics after the vaccination program. Global
coverage of vaccines such as diphtheria-tetanus-pertussis
3, measles-containing vaccines (MCV1 and MCV2), and
meningococcal groups A, C, W, and Y saw substantial
decreases during the pandemic (19). These reductions left
many children unprotected against severe complications
from preventable diseases. Notably, pneumococcal conjugate
vaccines and Haemophilus influenzae type b vaccinations,
which are critical in preventing respiratory infections and
AOM, were particularly impacted. Although our study did
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not include individual patient-level vaccination data, recent
studies have demonstrated that reductions in pneumococcal
vaccination rates during the pandemic were associated with
increased incidences of AOM and its complications (20).
These findings indicate that maintaining high vaccination
rates is critical for preventing otitis media and its related
complications in pediatric populations. Therefore, while
the observed surge in complicated AOM cases may align
with disruptions in vaccination programs, further studies
incorporating patient-specific vaccination records are
required to confirm this association and understand its
impact on disease severity.

Virulence, the degree to which a pathogen harms its host,
is dynamic and context-dependent, making it challenging
to predict its impact on host proliferation and population
spread (21). Depending on this evolution in the virulence
of the pathogen, the response of the host’s immune system
to the pathogen and the effectiveness of the antibiotics and
other medical treatments change. Recent studies suggest
that the increase in complicated AOM cases observed after
the pandemic may be linked to the shifts in the subtypes
of pathogens responsible for AOM, as well as the changes
in host response and treatment efficacy, potentially driven
by pathogen virulence dynamics (20). Shifts in the serotype
distribution of Streptococcus  pneumoniae and increased
oxacillin resistance during the pandemic may have altered
the microbiological profile of AOM (22). These findings
indicate that the pandemic may have changed the pathogen
subtypes of upper respiratory tract infections, potentially
altering clinical outcomes and complication rates of AOM in
the post-pandemic era. Although our study did not include
microbiological evaluations to confirm these alterations,
the observed rise in complicated AOM cases highlights the
necessity for future research to explore these mechanisms in
depth and to assess pathogen dynamics in the post-pandemic
era.

Previous studies in the literature have investigated the effects
of COVID-19 on the development of otitis media and its
association with an increased incidence of acute mastoiditis
(8,9). In this research, the results showed that there was an
increase in complications during the post-pandemic period
and this research gives you an idea that AOM cases, which
are considered innocent, may become complicated due to
changes in the immune system, disruptions in vaccination
programs during the pandemic, and changes in the virulence
of pathogens. Considering the increase in complications,
especially in the post-pandemic period, it is important to
treat AOM cases more effectively and seriously. Our study
gives an idea about this increase and future research is
necessary to elucidate the underlying reasons for this trend.

Our study has some limitations that should be acknowledged.
First, the retrospective nature of the study and its reliance
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on existing data may introduce selection bias, potentially
affecting the validity of the results. Second, as the study was
conducted at a single tertiary referral center, the findings
may not be generalizable to other regions or healthcare
settings. Third, the observed increase in complicated AOM
cases may be linked to decreased vaccination rates during the
pandemic, which could have altered pathogen distribution
and antibiotic sensitivity. However, it is important to note
that our study did not include microbiological evaluations,
individual vaccination data, or detailed immunological
assessments. Due to these limitations, while our proposed
mechanisms are supported by existing literature, further
validation through well-designed prospective studies is
necessary. Additionally, to better evaluate the effect of
COVID-19 on the development of complicated otitis
media, it is essential to document the history of COVID-19
infection and vaccination status in future studies. Our study
did not include definitive, objective data regarding the
patients’ retrospective vaccination status or whether they
had contracted COVID-19. Including such data in future
research would enhance the accuracy and generalizability of

the findings.

Despite these limitations, our study provides valuable insights
into the post-pandemic increase in complicated AOM cases,
highlighting the importance of maintaining vigilant clinical
practices and conducting more comprehensive studies to
elucidate the underlying mechanisms.

Conclusion

The significant rise in complicated AOM cases during the
post-pandemic period highlights potential lasting impacts
of the COVID-19 pandemic. Factors contributing to this
increase may include the long-term immune dysregulation
induced by SARS-CoV-2, shifts in pathogen virulence,
and the interruption of routine vaccination programs.
These findings suggest a need for continued research into
the pathophysiology of complicated AOM and underscore
the importance of comprehensive treatment strategies and
vigilant public health measures to prevent severe outcomes.
Addressing these challenges requires a collaborative effort
from healthcare providers, public health officials, and
researchers to improve patient care and outcomes in the
post-pandemic era. Additionally, studies incorporating
microbiological evaluations, presenting the COVID-19
infection and vaccination status of patients, and covering
broader geographic and demographic samples are needed for
a more comprehensive understanding of this phenomenon.
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Main Points

* A significant increase in complicated acute otitis media (AOM)
cases was observed in the post-pandemic period compared
to pre-pandemic years, despite an overall reduction in AOM
incidence during the pandemic.

* Mastoiditis, subperiosteal abscess, facial nerve paralysis,
meningitis, and labyrinthitis became more prevalent in the
post-pandemic era, especially among pediatric patients.

* The surge in complications may be associated with immune
dysregulation caused by severe acute respiratory syndrome
coronavirus 2, interrupted vaccination schedules, and increased
pathogen virulence following the coronavirus disease 2019
pandemic.
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