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Purpose: This study aimed to investigate the clinical characteristics of acute epiglottitis (AE) patients in East China and examine the
correlation between the incidence of AE and the 24 solar terms (24 STs).

Methods: A retrospective, observational study was conducted on patients diagnosed with AE between January 2014 and
December 2021 at a single-center medical institution in East China. The clinical characteristics of patients with AE and their
correlation with the 24 STs were investigated.

Results: A total of 287 patients with AE were included in this study, among which there were 179 males (62.37%) and 108 females
(37.63%), with a mean age of 47.79 + 13.83 years (range 16-87 years). Of these patients, 100 (34.84%) had at least one comorbidity
and the most common comorbidities were hypertension, smoking and type 2 diabetes. The duration of hospitalization was 3 days (IQR,
1-16 days). All patients, except for one who required tracheal intubation, were cured with intravenous antibiotic administration and the
combined use of corticosteroids. The incidence of AE showed significant fluctuations between the 24 STs and the highest number of
cases occurred during the Summer solstice (24 cases, 8.36%).

Conclusion: The incidence of AE was seen to increase annually in this study. The main features of AE are sore throat, dysphagia,
odynophagia and fever, which may be accompanied by inflammation in surrounding areas. A clear correlation exists between the
incidence of AE and the fluctuations within the 24 STs, notably with the peak incidence observed during the Summer solstice, which
approximately corresponds to June 21 to July 7 in the Gregorian calendar.
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Introduction

Acute epiglottitis (AE) is a potentially life-threatening condition characterized by inflammation of the epiglottis and adjacent
supraglottic structures.' The inflamed epiglottis can swell to the point of airway obstruction and subsequent respiratory
distress within hours." While AE is primarily caused by bacterial infections, it can also result from fungal or viral infections.’
Additionally, AE can be non-infectious, from thermal or chemical burns or ingesting foreign bodies.* Haemophilus influenza
is the most frequent cause of AE, a potentially dangerous bacterium that can also lead to other life-threatening conditions such
as meningitis, pneumonia, and others.” After the COVID-19 pandemic, AE related to SARS-CoV-2 has been recorded.®
Following the implementation of the Haemophilus influenzae type B vaccine, the occurrence of AE in pediatric populations
was significantly reduced.” As a result, the onset of AE is now primarily seen in adults, which differs from the manifestation in

children.® Moreover, the occurrence of AE in adults exhibited seasonal patterns.” !
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The 24 Solar terms (24 STs), a unique traditional Chinese calendar, were established by ancient Chinese scholars over
2000 years ago.'? In 2016, the “24 STs” were recognized and included on the Representative List of the Intangible
Cultural Heritage of Humanity by the United Nations Educational, Scientific and Cultural Organization (UNESCO)."?
The 24 STs divide the ecliptic into 24 equal segments, following the sun’s path along the ecliptic.'* Figure 1 illustrates
the Gregorian calendar dates corresponding to each of the 24 STs. The 24 STs are a unique Chinese system of temporal
knowledge and social customs guiding people’s agricultural pursuits, daily routines, and healthcare practices from
antiquity to the present.'>'® Recent studies have revealed a distinct correlation between the onset of certain illnesses,
such as ischemic stroke, Parkinson’s disease, and acute myocardial infarction, as well as variations in the 24 STs.!7 19
However, there are no studies on the correlation between the onset of AE and the 24 STs.

This study aimed to describe the clinical features of patients with AE in Eastern China and investigate the correlation
between the incidence of AE and the 24 STs.

Patients and Methods

Patients

The digitized medical records of patients discharged from the Department of Otolaryngology, Wuxi Huishan District People’s
Hospital, Wuxi, China, with the diagnosis of AE (International Classification of Diseases, Tenth Revision [ICD-10] J05.1)
between January 1, 2014, and December 31, 2021, were reviewed. In this study, comorbidities identified included
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Figure | The figure shows the Gregorian calendar dates corresponding to each of the 24 STs.
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hypertension (I110), type 2 diabetes (Z11.9), hypokalemia (E87.5), anemia (D64), hepatic impairment (K76.9), pulmonary
infections (J98.4), coronary heart disease (125.9), reflux esophagitis (K21.0), hyperthyroidism (E05.9), emphysema (J43.9),
cor pulmonale (127.9), premature atrial contractions (I49.1), bronchiectasis (J47.0), asthma (J45.9), lymphoma (C85.9),
leukocytosis (D72.8), nasopharyngeal carcinoma (C11.9), and epiglottic cyst (J38.1). These conditions were examined to offer
a detailed assessment of patient health status and investigate their potential associations with outcomes of AE. The inclusion of
patients was not restricted by age. Exclusion criteria were patients who were not admitted to the department of otolaryngology
with AE as the primary diagnosis, but who were hospitalized in other departments of the hospital for other systemic diseases
and confirmed to have AE by a consultant otolaryngologist. All included patients underwent an electronic laryngoscopy and
were graded as mild, moderate, or severe according to the degree of epiglottic edema.?

The Chinese Calendar 24 STs online tool was used to confirm the 24 STs matching the hospitalization of the patient.?!
Data were extracted systematically from the Hospital Information System and imported into a well-designed spreadsheet
(Microsoft Excel 2019; Microsoft Inc., Redmond, USA). The following data were included: gender and age, admission
and discharge dates, onset times, potential predisposing factors, grades, comorbidities, treatment, airway management,
outcome, and 24 STs.

The study strictly adhered to the principles of the Declaration of Helsinki, as approved by the Ethics Committee
(Grant number: HYLL20220609001). Personal information was anonymized ahead of time for this study, kept fully
confidential during the statistical analysis and used solely for scientific purposes. Therefore, the requirement for informed
patient consent was waived.

Statistical Analyses

All of the statistical analyses were performed using R statistical software (Version 4.2.2). The categorical variables were
described using absolute frequencies (n) and percentages (%). The continuous variables were assessed for normal
distribution using the histograms and QQ plots. The normally distributed variables were described by the mean and
standard deviation (Mean + SD), whereas non-normally distributed variables were described by the median and
interquartile range (IQR). A linear trend test was used to examine the trend in the number of AE incidences per year
P < 0.05 was considered statistically significant.

Results

Demographics

Initially, 291 patients were included in the study. After more analysis of the patient data, four patients were removed from
the study; two of them were admitted for peritonsillar abscesses with mild epiglottic mucosal edema and the other two
were hospitalized for different systemic disorders before they were diagnosed with AE. Thus, a total of 287 patients were
included in the final analysis.

The patients included 179 males (62.37%) and 108 females (37.63%) with a mean age of 47.79 + 13.83 years (range
16-87 years). The distribution of these patients by age and gender is shown in Figure 2.

The most common potential predisposing factor was fatigue (n = 27, 9.40%), followed by foreign bodies (n = 12,
4.18%) and colds (n =9, 3.13%). In addition, some patients stated that burns, alcohol consumption, surgical infections,
and motor vehicle accidents were the predisposing factors.

Of these patients, 100 (34.84%) had at least one comorbidity, and 19 (6.62%) had two or more comorbidities.
Hypertension was the most common comorbidity (n = 61, 21.25%), followed by smoking (n = 27, 9.41%), type 2
diabetes (n=16, 5.57%) and hypokalemia (n = 6, 2.09%). In addition, some uncommon comorbidities include anemia,
liver function impairment and lung infections. The demographic characteristics, predisposing factors and comorbidities
of patients with AE included in the study are shown in Table 1.

The Incidence by Year, Month and Week
From 2014 to 2021, the number of AE cases per year ranged between 25 and 45 and increased annually (a test for linear
trend, p < 0.01). The number of cases per year is shown in Figure 3B.
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Figure 2 The figure shows the age and gender distribution of patients with acute epiglottitis.
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June had the largest number of cases (n = 39, 13.58%), followed by September (n = 33, 11.49%) and March (n = 31,
10.80%). November was the month with the smallest number of cases, with only 13 reported (4.52%). Figure 3C depicts

the incidence per month.

Table | Demographic Characteristics, Predisposing Factors, and

Comorbidities of Patients with Acute Epiglottitis

No, (%)

Age, yr, median (Mean * SD)
Gender, no, (%)
Male, no, (%)
Female, no, (%)
Predisposing factors, no, (%)
Without an obvious predisposing factor, no, (%)
Fatigue, no, (%)
Foreign bodies, no, (%)
Colds, no, (%)
Others, no, (%)

4779 + 13.83
287(100.00)
179(62.37)
108(37.63)
287(100.00)
233(81.18)
27(9.41)
12(4.18)
9(3.14)
6(2.09)

(Continued)
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Table | (Continued).

No, (%)
Comorbidities, no, (%) 287(100.00)

Hypertension, no, (%) 61(21.25)
Smoking, no, (%) 27(9.41)
Type 2 diabetes, no, (%) 16(5.57)
Hypokalemia, no, (%) 6(2.09)
Anemia, no, (%) 3(1.05)
Hepatic impairment, no, (%) 2(0.70)
Pulmonary infections, no, (%) 2(0.70)
Coronary heart disease, no, (%) 1(0.35)
Reflux esophagitis, no, (%) 1(0.35)
Hyperthyroidism, no, (%) 1(0.35)
Emphysema, no, (%) 1(0.35)
Cor pulmonale, no, (%) 1(0.35)
Premature atrial contractions, no, (%) 1(0.35)
Bronchiectasis, no, (%) 1(0.35)
Asthma, no, (%) 1(0.35)
Lymphoma, no, (%) 1(0.35)
Leukocytosis, no, (%) 1(0.35)
Nasopharyngeal carcinoma, no, (%) 1(0.35)

According to the weekly model, Sunday had the fewest cases (n =26, 9.05%), while the number of cases from Monday to
Saturday varied from 39 to 48 (n = 3948, 13.58-16.72%). Figure 3D illustrates the patient incidence distribution by week.

The Incidence of AE and the 24 STs

Across the 24 STs, the incidence of AE varies dramatically. The Summer solstice had the highest number of cases of AE,
with 24 (8.36%). Moreover, 18 (6.27%) and 17 (5.92%) cases occurred in White dew and the Grain in ear, respectively.
Hoar-frost falls had the fewest occurrences, with only 6 cases (2.09%). Surprisingly, the number of cases of AE declined
precipitously from 24 at the Summer solstice to 8 at the Slight heat (the following solar term), which was a rather low
incidence. Figure 4 shows the association between the number of cases of AE and the 24 STs of the year, which
correspond to spring, summer, autumn and winter.

Clinical Presentation

The most common symptoms were sore throat (n = 287, 100.00%) and dysphagia (n = 233, 81.18%), followed by
odynophagia (n = 93, 32.40%), fever (n = 79, 27.52%) and dyspnea (n = 27, 9.40%). The clinical presentation of patients
with AE throughout the 24 STs is shown in Figure 5. The median duration of symptoms from onset to hospital admission
was 48 hours (IQR, 2—-168) and the frequency density plot is shown in Figure 3A.

Before admission, 59 patients (20.55%) self-administered oral antibiotics (first- and second-generation cephalospor-
ins, or roxithromycin) and/or Chinese patent medicines for clearing fever and detoxification. Twenty-three patients
(8.01%) visited a community health service center and were administered cephalosporin antibiotics intravenously.

Upon admission, all patients received an electronic laryngoscopy. The edema of the epiglottis and adjacent tissues
was rated as mild (n = 66, 22.99%), moderate (n = 142, 49.47%), or severe (n = 79, 27.52%).

Patients with AE also experienced infections and lesions in other areas of the throat, most commonly acute laryngitis
(n = 13, 4.52%), followed by oropharyngeal ulcers (n = 8, 2.78%), peritonsillar abscess (n = 7, 2.43%) and acute
tonsillitis (n = 6, 2.09%). Moreover, parapharyngeal space infections, epiglottic abscess, acute pharyngitis, throat burns,
esophageal foreign bodies, orbital cellulitis, vocal cord palsy, peripheral facial palsy, and submandibular lymphadenitis
were also observed.
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Figure 3 This figure displays a density plot depicting the time between onset and hospitalization for patients with acute epiglottitis, as well as the incidence numbers based
on year, month and week. (A) a density plot illustrating the time elapsed from onset to hospitalization; (B) a bar chart displaying the incidence numbers by year; (C) a bar
chart showing the incidence numbers by month; (D) a bar chart representing the incidence numbers by week.

Laboratory Examinations

On admission, the white blood cell (WBC) counts were available for 281 patients (97.90%) with AE, with a median
count of 5.27x10° (IQR 4.52-28.6). C-reactive protein (CRP) values were obtained in 273 patients (95.12%). Most
patients exhibited elevated CRP levels (27.00, IQR 0.50-200.00).

Treatment and Outcomes

The duration of hospitalization was three days (IQR, 1-16 days). Except for two patients who were transferred to the
intensive care unit (ICU) because their respiratory distress worsened, all patients were treated in the otolaryngology
ward. One of the two patients treated in the ICU underwent tracheal intubation and airway intervention, while the other
was closely monitored without intubation. Fortunately, all patients were cured with no complications.
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Figure 4 The figure illustrates the relationship between the incidence of acute epiglottitis cases and the 24 Solar terms of the year, which correspond to the seasons of
spring, summer, autumn and winter.

Piperacillin-sulbactam (3.0g every 12 hours) was administered intravenously to 258 patients (89.89%), whereas
clindamycin (0.6g every 12 hours) or levofloxacin (0.5g once daily) was administered to the other patients. In 192
(66.89%) patients, ornidazole (0.5g every 12 hours) was administered as an antibiotic combination.

All but three patients received glucocorticoid therapy. Glucocorticoids were administered intravenously in 279
patients (97.21%) except for five, who were treated with aerosol inhalation of budesonide suspension. Intravenous
dexamethasone (10mg once daily) was administered in 271 cases (94.42%), intravenous methylprednisolone (40mg once
daily) was administered in 105 cases (36.58%) and aerosol inhalation of budesonide suspension (1.0mg every 12 hours)
was administered in 246 cases (85.71%). Most patients were given a combination of glucocorticoids.
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Figure 5 This figure depicts the clinical characteristics of patients with acute epiglottitis throughout all 24 Solar terms.

Discussion

In the present study, we retrospectively analyzed AE’s clinical characteristics and treatment outcomes during an eight-
year period at a tertiary care hospital in Eastern China. Sore throat, dysphagia, odynophagia, and fever were the most
frequently experienced symptoms among the patients included in this study. We found a strong correlation between the
occurrence of AE and alterations in the 24 STs. Out of the 24 STs, the Summer solstice had the highest number of
recorded cases of AE, with 24 incidents. White dew and Grain in ear followed closely with 18 and 17 cases, respectively.
The solar term with the lowest frequency of AE was Hoar-frost Falls, with only six recorded cases.

Our study revealed that the prevalence of AE in Eastern China is rising annually. This could be linked to
industrialization-related factors, such as the ensuing air pollution. A recent study has shown a positive correlation
between the occurrence of AE and exposure to nitrogen dioxide, a consequence of air pollution.”” Even during the
COVID-19 pandemic of 2020-2021, epidemic prevention and control measures, such as city lockdowns, maintaining
social distancing, and wearing masks, had little impact on the incidence of AE. The low number of patients hospitalized
on Sundays in this study may be attributed to the fact that people travel during weekends and cannot promptly seek
medical treatment.

In this study, male patients accounted for 62.37%, which is consistent with previous studies.®**** This could be
related to unfavorable lifestyle habits in men, such as smoking and alcohol consumption. The mean age of our patients
upon admission was 47.79 years, which is comparable to other published data.®**-** In our study, 34.84% of the patients
exhibited comorbidities, including hypertension, smoking, and type 2 diabetes, potentially influencing the development
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of AE. Besides the epiglottis infection, some patients also displayed coexisting infections in the adjacent areas, such as
acute laryngitis, oropharyngeal ulcers, peritonsillar abscesses and acute tonsillitis. Shapira Galitz et al also noticed that
AE might be accompanied by concomitant infections, comparable to our findings.”

Except for one patient who underwent tracheal intubation in the ICU, no patients received airway intervention and all
achieved favorable outcomes, which may be attributed to several factors. First, the short interval from symptom onset to
hospitalization, with a mean of 48 hours, ensured timely treatment for the patients. Second, the most common symptoms among
patients were sore throat and dysphagia, with only 9.40% of patients experiencing dyspnea. Severe respiratory distress indicates
the need for airway intervention, but it rarely occurred in the patients included in our study. Third, all patients received timely
treatment with antibiotics and glucocorticoids upon admission to the hospital. Furthermore, the combination of steroid admin-
istration of intravenous dexamethasone and nebulized budesonide suspension has expedited the regression of epiglottic edema.
A nationwide retrospective cohort study, including thousands of cases, showed that systemic corticosteroids might benefit
patients with AE requiring airway intervention.”

Yoon et al found that 29 of the 117 cases of AE were caused by the infection of pre-existing epiglottic cysts.”> AE patients
with epiglottic cysts were more likely to require airway intervention than those without.? In this way, prompt surgical treatment
is appropriate for patients with epiglottic cysts detected during outpatient laryngoscopy. The videolaryngoscope-assisted
coblation of epiglottic cysts is a preferred surgical technique due to its safety, effectiveness, and low complication rate.”®
However, this characteristic was not observed in our study. Our study revealed that fatigue, foreign bodies and colds are potential
triggers for AE. This may be related to factors such as the fast-paced lifestyle and preference for fish among the local residents.

Climate factors such as temperature and humidity may have a role in the onset of AE. Previous studies have noted
that AE occurs seasonally, with a higher frequency during a specific time of the year. Navarrete et al documented a cohort
of 58 Spanish patients with AE exhibiting a distinct seasonal pattern of onset, with the highest incidence occurring in the
autumn and summer seasons and the peak number of cases being recorded in November.'® An analysis of data from 599
Japanese hospitals involving 6072 AE patients showed that although admissions peaked during the summer, seasonality
had no significant impact on the severity of AE.?” Kass et al similarly found that summer boasts the highest prevalence of
AE.? Contrarily, Wong et al discovered that 41% of Australian patients with AE occurred in September, which marks the
beginning of spring in the southern hemisphere.!' However, these studies measured the incidence of AE based on broad
time frames such as season or month, limiting the precision of the incidence data for each specific time period.

In contemporary astronomy, a solar term refers to the duration taken for the sun to travel 15 degrees from zero
longitudes.'* Due to its 360-degree journey, it experiences 24 STs annually.'* Typically, a solar term lasts for 15 days;
however, this is not a rigid rule, as there may be instances where it lasts for 14 or 16 days. As a result, figures depicting
the incidence of AE using the shorter time frame of 24 STs offer a more precise representation of the disease’s frequency.

The higher incidence of AE during the Summer solstice may be attributable to the hot and humid weather. The Summer
solstice occurs on June 21st or 22nd of each Gregorian year, which marks the beginning of summer, characterized by the longest
days and shortest nights of the year.'> As the temperature rises, the rate of bacterial reproduction increases. Our hospital is located
in Wuxi City, which belongs to the subtropical monsoon climate zone, with abundant heat and plentiful precipitation.”® The
Summer solstice typically coincides with the plum rain season in this region. This is scientifically referred to as the East Asian
rainy season and provides an ideal environment for mold growth due to the high temperatures and humidity levels in indoor and
outdoor spaces during the prolonged rainy days of this season.>* Molds and their metabolites can harm human health, particularly
by contributing to the development of respiratory diseases such as asthma and allergies.’ These respiratory conditions either
directly or indirectly contribute to the development of AE. Furthermore, fungal infections may potentially trigger AE.*

To the best of our knowledge, our study is the inaugural exploration of the correlation between the 24 STs and AE
incidence, merging traditional calendar systems with contemporary epidemiological analysis. This unique blend underscores
the pivotal influence of cultural and environmental factors on health outcomes and advocates for a multidisciplinary approach
in healthcare planning and public health policies. The insights gained from understanding the dynamics between these
elements are instrumental in enhancing disease prediction and management, potentially paving the way for more efficacious
prevention strategies and optimized healthcare resource distribution. Highlighting AE’s epidemiology within China’s
distinctive cultural and environmental milieu, our research pioneers integrating traditional knowledge with modern health
science, championing a comprehensive perspective in medical research and practice.
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Our study is limited by its retrospective design and the focus on a single center, which may restrict the extrapolation
of our findings. Specifically, it explores the association between AE incidence and the 24 STs in Eastern China, indicating
potential regional limitations in applying our results. The analysis did not account comprehensively for potential
confounding factors, such as environmental variations or changes in healthcare services, that could affect AE incidence.
Additionally, the COVID-19 pandemic, during the study’s final years, added complexity by impacting various otolar-
yngology conditions, including AE, and disrupting healthcare services, which could have influenced our results.®**'—7
Furthermore, aside from recognizing environmental factors like temperature and humidity, there is still insufficient
knowledge about the underlying mechanisms driving the diverse incidence patterns of AE throughout the 24 STs.

Moving forward, we aim to conduct a multi-center, prospective study in East China to investigate the relationship
between AE and the 24 STs more thoroughly. This future research will include various confounding factors and delve
into the underlying mechanisms of AE’s seasonal patterns. By overcoming the current study’s limitations and utilizing

our findings for prediction and management, we seek to enhance the understanding and outcomes of AE patients.

Conclusion

The incidence of AE is rising yearly in Eastern China, with primary symptoms including sore throat, dysphagia,
odynophagia and fever. AE may also be accompanied by infections in other areas of the throat, such as acute laryngitis.
At least one or more comorbidities existed in 34.84% of AE patients, with hypertension being the most common. If
patients with AE can promptly seek medical attention and receive timely intravenous antibiotics and combined
glucocorticoid therapy, most can avoid airway intervention and achieve a satisfactory outcome. There is a clear
correlation between the incidence of AE and the changes in the 24 STs, with the peak number of cases occurring during
the Summer solstice, aligning with the period from June 21 to July 7 in the Gregorian calendar.

Abbreviations
AE, Acute epiglottitis; ICU, Intensive care unit; 24STs, 24 Solar terms.
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