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Abstract
Background: This study aimed to investigate the characteristics, severity, and treatment of patients with acute appendicitis
in Korea over a 2-year period during the coronavirus disease (COVID-19) pandemic compared to those before the
pandemic. We also investigated whether there were any changes in clinical characteristics of acute appendicitis before
and after vaccination against the coronavirus.

Methods: We retrospectively reviewed the medical records of patients who were diagnosed with acute appendicitis at our
institution between March 1, 2019, and August 31, 2021. We divided the patients into three groups (pre-pandemic, before
vaccination, and after vaccination) and analyzed the clinical outcomes.

Results: The time from symptom onset to hospital arrival and the time from symptom onset to operation increased during
the COVID-19 pandemic period compared to the pre-pandemic period. The rate of complicated appendicitis during the
pandemic was higher than that before the pandemic. In addition, the number of new daily cases showed a positive
correlation with the time from symptom onset to hospital arrival (OR, 0.03; 95% CI, 0.02 to 0.04; P<0.001) and complicated
appendicitis (OR, 1.002; 95% CI, 1.001–1.002; P=0.0017). The vaccination rate showed a negative correlation with the time
from symptom onset to hospital arrival (OR, -2.26; 95% CI, -3.42 to -1.11; P<0.001) and complicated appendicitis (OR,
0.915; 95% CI, 0.84 to 0.996; P=0.0404).

Conclusions: Employing hospital-wide efforts, such as screening by rapid PCR testing, to avoid further time delays, and
nationwide efforts, such as vaccination, to shorten the time from symptom onset to hospital arrival, are necessary to
maintain the quality of treatment of acute appendicitis during an infectious disease pandemic. 

Introduction
Coronavirus disease (COVID-19) is an infectious disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and was �rst reported in Wuhan, Hubei, China in December 2019 [1]. The virus, which can spread through
direct contact, aerosols, and airborne droplets, mainly affects the upper respiratory tract and can cause pneumonia in
severe cases. This highly contagious virus spread all over the world in a short time, leading the World Health Organization
to declare COVID-19 a pandemic on March 11, 2020 [2]. With the spread of COVID-19, many countries declared a state of
emergency and instituted partial or full restrictions on social activities [3]. Furthermore, this global social
atmosphere impacted the medical �eld as non-urgent medical services were recommended to be postponed [4]. Some
studies have reported a signi�cant reduction in the number of patient visits to hospitals, including emergency
clinics, during the pandemic [5, 6]. However, there are still inevitable and emergent clinical situations that require immediate
treatment.

Acute appendicitis is one of the most common acute abdominal diseases requiring emergency treatment, and the lifetime
risk of developing acute appendicitis is approximately 7-8% worldwide [7, 8]. Emergency appendectomy is the treatment of
choice, but there is still debate about its suitability in this pandemic era because several articles have reported that non-
surgical management, such as antibiotic therapy, is non-inferior to appendectomy [9, 10]. In addition, it has been reported
that initial non-surgical management, such as antibiotics, with or without percutaneous drainage followed by interval
appendectomy in complicated cases such as periappendiceal abscess is effective and reduces postoperative
complications compared to immediate appendectomy [11]. Moreover, a change in the main treatment strategy has been
observed in some countries. In the UK, the antibiotic-�rst pathway has been accepted and implemented as the main
treatment strategy for acute appendicitis in the era of the COVID-19 pandemic [12]. Other changes associated with the
management of appendicitis during the COVID-19 pandemic were also reported in several studies; the number of patients
visiting the hospital for acute appendicitis decreased and the time from symptom onset to hospital arrival (TSH) increased,
resulting in an increase in complicated cases [13-15]. Further, the risk of complications such as perforation increased as
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the time from symptom onset to treatment became longer than 24 h [16]. However, most of these studies are reports on the
initial situation of the pandemic outbreak and do not re�ect the post-vaccination changes or the
current ongoing situation due to the mutant virus. 

Therefore, this study aimed to investigate the changes in the characteristics, severity, and treatment of patients with acute
appendicitis in Korea for 2 years following the advent of the COVID-19 pandemic compared to those during the pre-
pandemic period. We also investigated the impact of the vaccinations against the coronavirus on the characteristics,
severity, and treatment of patients with acute appendicitis. Furthermore, we investigated the factors associated with the
outcomes.

Methods

Study population
We retrospectively reviewed the medical records of patients who were diagnosed with acute appendicitis at Yonsei
University Wonju Severance Christian Hospital, Republic of Korea, from March 1, 2019, to August 31, 2021. During this
period, 659 patients were diagnosed with acute appendicitis in the emergency clinic. Of these, we excluded patients who
were younger than 18 years, pregnant, diagnosed with benign or malignant neoplasm on pathological examination,
referred from other departments or hospitals (e.g., misdiagnosis) and underwent combined operation and those who did
not undergo appendectomy at initial diagnosis. Finally, 484 participants were included in the study (Fig. 1). This study was
approved by the Institutional Review Board of Yonsei University Wonju Severance Christian Hospital (IRB no. CR321177).
Because this study was conducted retrospectively, informed consent was waived. 

COVID-19 pandemic and vaccination in the Republic of Korea
The �rst case of COVID-19 in the Republic of Korea occurred on January 20, 2020, and the �rst outbreak started on
February 18, 2020. Since then, the number of con�rmed cases of COVID-19 has continued to increase; as of August 31,
2021, the cumulative number of con�rmed cases was 253,445. In Korea, vaccination for COVID-19 began on February 26,
2021, and the percentage of fully vaccinated individuals on August 31, 2021, was 31.1% (Fig. 2) [17]. In this study, the
period before the �rst outbreak (February 18, 2020) has been de�ned as pre-pandemic (PP) and that after the �rst outbreak
as pandemic (P). We further divided the pandemic group into the before-vaccination period (P-BV) and after-vaccination
period (P-AV) based on the starting date of vaccinations in Korea. We de�ned the completion of vaccination as up to the
second vaccination.

Data collection
Demographic characteristics of the patients, including age, sex, pulse rate, body temperature at arrival, length of stay after
operation (LOS), operation time, duration of antibiotic use, TSH, time from hospital arrival to operation (THO), time from
symptom onset to operation (TSO), American Society of Anesthesiologists physical status (ASA) score, medical history,
type of operation, whether laparotomy or laparoscopy was performed, whether open conversion during laparoscopy was
performed, whether the drain was inserted after the operation, radiological �ndings (acute in�ammation, periappendiceal
abscess with localized peritonitis, generalized peritonitis), pathological �ndings (acute in�ammation, suppurative,
gangrenous, perforation, abscess), postoperative complications, and re-visit to the emergency department or re-admission
within 30 days after operation, were obtained from medical records. Initial laboratory results including white blood cell
counts (WBC), hemoglobin (Hb), platelet count (PLT), neutrophil count, lymphocyte count, delta neutrophil index (DNI), and
C-reactive protein (CRP) levels were also obtained. The type of operation performed was categorized as follows:
appendectomy, partial cecectomy, ileocecectomy, and right hemicolectomy. To analyze the correlation between
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the transmission rate of COVID-19 and the clinical features of appendicitis, the number of daily con�rmed cases of COVID-
19 and the vaccination rates on the day of hospitalization were also investigated using data from the Korea Centers for
Disease Control and Prevention. 

De�nitions
Appendicitis is divided into simple appendicitis and complicated appendicitis. In our study, complicated appendicitis was
de�ned as one or more of the following three �ndings: 1. Cases that underwent additional bowel resection (e.g., partial
cecectomy, ileocecectomy, or right hemicolectomy); 2. Presence of pathological �ndings such as gangrenous
in�ammation, perforation, or periappendiceal abscess; and 3. Presence of radiological �ndings such as localized
peritonitis with abscess formation or generalized peritonitis. 

Statistical analysis
The patients were classi�ed into three groups based on their date of visit to the emergency clinic, namely, pre-pandemic
(PP), pandemic (P-BV), or pandemic (P-AV). Continuous variables are expressed as median (interquartile range
[IQR]), and categorical variables are expressed as frequencies and percentages. Continuous data were tested for normal
distribution using the Shapiro-Wilk test and compared using the analysis of variance (ANOVA) test or the Kruskal-Wallis
test, as appropriate. When a signi�cant difference between the three groups was found in the ANOVA test or the Kruskal-
Wallis test, a post-hoc test was performed using the Benjamini-Yekutieli correction. Categorical variables were also tested
for normality and compared using the chi-square test and Fisher's exact test, as appropriate. Binary logistic regression
analysis was performed to identify factors associated with complicated appendicitis. Univariate and multivariate analyses
were performed, and variables were selected automatically using backward stepwise selection. Linear regression analysis
was also performed with TSH, THO, and TSO as dependent variables. Similarly, independent variables were selected for
backward stepwise selection. Statistical signi�cance was set at p<0.05, except Dunn’s post-hoc test by Benjamini-Yekuteili
adjustment. In the post-hoc test, the null hypothesis was rejected when p<0.05/2. Statistical analysis was performed using
R statistical software (version 4.1.0; R Foundation for Statistical Computing, Vienna, Austria).

Results

Comparison of patient characteristics between the three groups
Among the 484 patients diagnosed with acute appendicitis who underwent emergency surgery, 201 and 283 patients
were in the pre-pandemic and pandemic groups, respectively. In the pandemic group, there were 191 patients in the pre-
vaccination period and 92 patients in the post-vaccination period. The median age was 51 years (IQR 38-63), and 102
patients were male (50.7%). General characteristics such as age, sex, ASA score, medical history, and abdominal operation
history did not show signi�cant statistical differences among the three groups. No statistical differences were observed in
body temperature or pulse rate between the three groups at the time of arrival. Laboratory test results at the time of arrival
showed that the DNI value was signi�cantly higher in the pandemic group than in the pre-pandemic group; the other
laboratory parameters did not differ among the three groups. In the post-hoc analysis, the DNI value of the P-AV group was
signi�cantly higher than that of the PP and P-BV groups (P=0.037 and P=0.032, respectively);
there were no differences between the PP and P-BV groups. The median TSH during the pandemic was 24 h, signi�cantly
longer than the 18 h of the pre-pandemic group (P<0.001). However, the THO did not differ between the three groups. The
TSO was 24 h in the pre-pandemic group, 29 h in the P-BV group, and 31 h in the P-AV group, showing a signi�cant
difference among the three groups (Table 1). In the post-hoc analysis, the median TSH and median TSO did not differ
between the P-BV and P-AV groups. Hospital LOS after surgery did not differ between the three groups (Table 2 and Fig. 3).
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Comparison of perioperative characteristics between the three
groups
The type and method of operation did not show a signi�cant difference among the three groups; the operation time was
the longest in the pre-pandemic group, with a median value of 50 min. The proportion of complicated appendicitis in
pathologic report, including gangrenous change, perforation, or periappendiceal abscess, was signi�cantly higher in the
pandemic group than in the pre-pandemic group (P=0.003). In terms of radiological �ndings, the proportion of complicated
cases, such as those with abscess formation or peritonitis, was signi�cantly higher in the pandemic group than in the pre-
pandemic group (P=0.004). There was no difference between the three groups in the number of cases with sepsis that
required treatment in the intensive care unit, and there was no difference in the incidence of postoperative complications
between the three groups. The re-hospitalization rate within 30 days after discharge differed between the three groups, with
the P-AV group showing the highest value than the other groups (Table 3 and Fig. 4).

Factors associated with the time from symptom onset to hospital
arrival
In linear logistic regression analysis, age, WBC, PLT, and CRP were found to be factors associated with the time from
symptom onset to hospital arrival, while multivariate analysis showed that age, daily new cases, vaccination rate, WBC
count, PLT, and CRP were independently related factors for the time from symptom onset to hospital arrival. The number of
daily new cases showed a positive correlation with the time from symptom onset to hospital arrival (OR, 0.03; 95% CI, 0.02
to 0.04; P<0.001), and the vaccination rate showed a negative correlation with the time from symptom onset to hospital
arrival (OR, -2.26; 95% CI, -3.42 to -1.11; P<0.001).

Factors associated with the time from symptom onset to operation
Age, daily new cases, vaccination rate, WBC count, PLT count, and CRP level were independently associated with the time
from symptom onset to operation in multivariate linear regression analysis. The number of daily new cases showed a
positive correlation with the time from symptom onset to operation (OR, 0.03; 95% CI, 0.01 to 0.04; P<0.001), and the
vaccination rate showed a negative correlation with the time from symptom onset to operation (OR, -2.26; 95% CI, -3.41 to
-1.1; P<0.001) (Table 4).

Factors associated with complicated appendicitis
In the binary logistic regression analysis performed to analyze factors associated with complicated appendicitis, age, the
number of daily new cases, DNI, and CRP were identi�ed as relevant factors in the univariate analysis. In the multivariate
analysis, age, number of daily new cases, vaccination rate, DNI, and CRP were identi�ed as independent relevant factors
for complicated appendicitis. The number of daily new cases showed a positive correlation with complicated appendicitis
(OR, 1.002; 95% CI, 1.001–1.002; P=0.0017). The vaccination rate was negatively correlated with complicated appendicitis
(odds ratio [OR], 0.915; 95% CI, 0.84 to 0.996; P=0.0404) (Table 5).

Discussion
In the COVID-19 era, several variables of patients with acute appendicitis worsened compared to those in the pre-pandemic
era. Among them, TSH and TSO �rst increased during the COVID-19 pandemic period compared to the pre-pandemic
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period in this study. In addition, we found no signi�cant differences in postoperative complications despite a delay in TSH
and TSO. Therefore, it is not clear whether the delay itself affects postoperative complications. 

Similar to our �ndings, other studies have also reported a prolonged TSH in the pandemic era [13, 18]. Zheng et al. [13]
suggested that the reason for the delay in TSH was that patients were concerned about COVID-19 transmission at the
hospital. Another study also explained that the reluctance to visit the ER was due to the government’s strong social
distancing policy and patients’ fear of an in-hospital coronavirus infection [19]. These reasons may lead
patients to not see a doctor when they have abdominal pain and other early symptoms of acute appendicitis. The TSO
may be prolonged for the same reasons as the TSH because the TSO in the pandemic era was not prolonged compared to
that in the pre-pandemic era, as observed in this study.

Our study also showed a rise in cases of complicated appendicitis during the pandemic compared to the pre-pandemic
period. This may be associated with delayed TSH. In addition, it also suggests that patients tend to endure symptoms and
visit the hospital later in the pandemic era [20]. This may be associated with the new policies formulated during the COVID-
19 pandemic dealing with social distancing as well as patient fears about contracting the disease from the hospital. Other
studies have also reported an increase in the number of complicated appendicitis cases during the pandemic compared to
that during the pre-pandemic period [14, 18, 21, 22]. These studies de�ned complicated appendicitis using various
methods, such as pathological results, radiological �ndings, or surgical �ndings. A study by Orthopoulos et al. [14] de�ned
complicated appendicitis based on pathological �ndings, while a study by Romero et al. [22] classi�ed CT �ndings into �ve
grades and de�ned a higher grade as higher severity. In another study, complicated appendicitis was de�ned according to
intraoperative �ndings [18]. However, discrepancies may exist between CT �ndings, surgical �ndings, and pathological
results, and complicated appendicitis may not be included in each analysis. Therefore, complicated appendicitis should be
classi�ed by considering radiological, intraoperative, and pathological �ndings simultaneously, as done in the present
study. Our criteria may re�ect the complicated appendicitis criteria that surgeons use for classi�cation in real-world
practice. 

Interestingly, as the COVID-19 pandemic situation worsened, that is, as the number of con�rmed daily cases increases, the
TSH was prolonged and the rate of complicated appendicitis increased. On the other hand, as the cumulative vaccination
rate increased, the TSH and the proportion of complicated appendicitis decreased. The number of con�rmed cases may
negatively in�uence governmental policies for infection control and the social phobia of being infected with COVID-19.
Therefore, hospital arrivals may be delayed, and the number of cases with complicated appendicitis may increase as the
number of con�rmed COVID-19 cases increases. The Korean government strongly recommended vaccination for
individuals, and the vaccine was quickly distributed as a national infection control policy since the �rst vaccination was
started on February 26, 2021. As the cumulative vaccination rate increased, the government’s social distancing policy
gradually relaxed. In addition, as the proportion of those who were vaccinated increased, the fear of coronavirus infection
in the hospital may have gradually decreased. Therefore, patients may feel comfortable visiting the ER without delay after
symptom onset. Vaccination may be one of the factors contributing to a shortening of TSH.

While our study reported that the THO was not prolonged during the study period, other studies reported that the THO was
prolonged due to the PCR test for COVID-19 screening [20, 23]. In our institution, standard real-time reverse transcription-
polymerase chain reaction (RT-PCR) was performed for patients who needed to be admitted to general wards or the
intensive care unit (ICU) via the ER; however, Xpert Xpress SARS-Cov-2 (Cepheid, USA), which is an automated diagnostic
test for the qualitative detection of nucleic acid from SARS-CoV-2, was performed for patients who needed emergency
surgery. The standard RT-PCR takes about 6-8 h, while the Xpert test takes about 30 min to 1 hour on average, with an
excellent test performance [24]. CT scans are used to diagnose acute appendicitis in Korea after checking creatinine levels.
Because it took at least 30 to 60 min to report the serum creatinine level and the result of Xpert was normally reported
within that time, the THO may not have increased in our study. The use of rapid PCR tests such as Xpert may help prevent
time delay in the treatment of acute appendicitis.  
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In the present study, the proportion of patients who received antibiotic therapy with or without percutaneous drainage
followed by interval appendectomy increased during the pandemic period, in particular, the 2nd year of the pandemic
(2021) compared with that during the pre-pandemic period (PP 2.9%, P-BV 1.6%, P-AV 10.7%, P=0.06, data not shown). The
incidence of interval appendectomy may be increased due to the increase in cases of complicated appendicitis resulting
from delayed time from symptom onset to ER visit. According to previous studies, interval appendectomy was not inferior
to the initial surgical approach in terms of reducing postoperative morbidity [11, 25]. Although the initial surgical approach
was still preferred in South Korea, interval appendectomy increased as the proportion of complicated
appendicitis cases increased during the pandemic. However, conservative management as an initial treatment for acute
appendicitis has been recommended in the UK during the COVID-19 pandemic era [12]. The recommendation in the UK and
the results of other studies showed that antibiotic application was also effective and non-inferior compared to the initial
surgical approach [10, 26]. A randomized controlled trial with a large number of patients suggested that initial antibiotic
therapy was non-inferior to appendectomy based on symptom resolution and the results of a standard health status
measure using the European Quality of Life-5 Dimensions (EQ-5D). However, care should be taken in interpretation
because an appendectomy was performed in 29% of the antibiotic group within 90 days, and complications were more
common in the antibiotic group in the study [10]. In addition, Sceats et al. [9] demonstrated that the non-operative
management of acute appendicitis was associated with higher rates of abscess, readmission, and overall cost of care.
Therefore, there is still a debate between the surgical approach and conservative management as initial treatment, and the
change in the treatment algorithm for acute appendicitis in the UK could be a great challenge and an inevitable choice in
the event of a medical resource shortage during the COVID-19 pandemic. Although it is not possible to determine which is
correct because in- and out-of-hospital circumstances are different, some efforts to maintain the mainstream of previous
practice, such as the use of a rapid PCR test and rapid distribution of vaccines, are necessary to maintain the quality of
treatment for acute appendicitis. 

This study has several limitations. First, there was an inevitable selection bias due to its retrospective nature. Second, there
may also be a bias due to the heterogeneous decision on treatment and surgical strategy for each surgeon. Third, because
this study was conducted based on data from only single institution, it may not re�ect the overall trend. Fourth, since the
vaccination history of each patient could not be retrospectively con�rmed with the medical record, a direct relationship
between the actual vaccination history and disease characteristics could not be con�rmed.

Despite these limitations, this study is meaningful because we con�rmed the trend for 2 years during the pandemic. To our
knowledge, this is the �rst study to include an analysis of the difference in outcomes before and after vaccination and to
report the correlation of the number of daily con�rmed cases and the cumulative vaccination rate with the outcomes. In
addition, this study has an important strength because we classi�ed complicated appendicitis by using radiological,
intraoperative, and pathological �ndings simultaneously to adjust the discrepancies between the results.

Conclusions
In conclusion, patient hospital arrivals were delayed in the COVID-19 pandemic period compared to those in the pre-
pandemic period. This result may be due to the fear of contracting COVID-19 and the government's stringent social
distancing policy. The proportion of complicated appendicitis during the pandemic was higher than that before the
pandemic, which may be due to the delayed time to hospital arrival. In addition, with the increase in the number of daily
con�rmed cases, TSH has been prolonged, and the rate of complicated appendicitis has increased. On the other hand, with
the increase in vaccination rate, the TSH decreased, and the rate of complicated appendicitis decreased, possibly due to
relaxation of the social distancing policy and reduced fear of visiting the hospital. Following the ER visit, surgery for the
patients was not delayed because we used a rapid PCR test for screening. Therefore, in-hospital efforts to avoid further
time delay, such as applying rapid PCR tests, and nationwide efforts to shorten the TSH, such as vaccination and creating
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a social atmosphere in which people with symptoms do not hesitate to visit the hospital, are necessary to maintain the
quality of treatment for acute appendicitis during an infectious disease pandemic.
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Tables
Table 1. Demographic characteristics of enrolled patients.
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  Pre-pandemic Pandemic (BV) Pandemic (AV) P value

  (N=201) (N=191) (N=92)

Age 51.0 [38.0; 63.0] 49.0 [32.0; 63.0] 52.0 [36.5; 63.5] 0.626

Sex       0.770

Male 102 (50.7%) 103 (53.9%) 50 (54.3%)  

Female 99 (49.3%) 88 (46.1%) 42 (45.7%)  

ASA physical status       0.501

1 58 (28.9) 51 (26.7) 23 (25.0)  

2 104 (51.7) 114 (59.7) 50 (54.3)  

3 38 (18.9) 26 (13.6) 19 (20.7)  

4 1 (0.5) 0 (0.0) 0 (0.0)  

Medical history 71 (35.3) 82 (42.9) 36 (39.1) 0.304

Abdominal operation history 23 (11.4) 22 (11.5) 7 (7.6) 0.559

Body temperature (℃) 37.0 [36.7; 37.5] 37.1 [36.6; 37.7] 37.2 [36.8; 37.6] 0.686

Pulse rate (beats/minute) 83.0 [71.0; 95.0] 86.0 [76.0; 98.5] 86.0 [77.0; 98.0] 0.148

White blood cell count (109/L) 11.0 [8.4; 14.1] 12.4 [9.0; 15.1] 12.3 [9.8; 15.1] 0.142

Hemoglobin (g/dL) 14.0 [13.0; 15.1] 14.2 [13.0; 15.3] 14.0 [13.1; 14.8] 0.564

Platelet count (1011/L) 2.3 [2.0; 2.7] 2.4 [2.0; 2.9] 2.3 [1.9; 2.7] 0.564

Neutrophil count (109/L) 8.7 [6.2; 12.2] 9.9 [6.6; 13.0] 9.9 [7.5; 12.5] 0.113

Lymphocyte count (109/L) 1.3 [0.9; 1.9] 1.4 [0.9; 1.9] 1.3 [0.9; 1.8] 0.851

Delta neutrophil index (%) 0.3 [0.0; 2.2] 0.4 [0.0; 2.2] 1.2 [0.2; 2.5] 0.034

C-reactive protein (mg/dL) 2.9 [0.6; 10.2] 3.5 [0.4; 9.8] 2.6 [0.6; 8.4] 0.768

Duration of antibiotics use 4.0 [3.0; 6.0] 4.0 [2.0; 7.0] 4.0 [2.0; 5.5] 0.069

Time from symptom onset to hospital visit (hours) 18.0 [8.0; 29.0] 24.0 [10.0; 48.0] 24.0 [12.0; 48.0] <0.001

Time from hospital visit to operation (hours) 5.0 [4.0; 8.0] 5.0 [4.0; 7.0] 5.0 [4.0; 6.0] 0.068

Time from symptom onset to operation (hours) 24.0 [15.0; 39.0] 29.0 [16.0; 54.5] 31.0 [17.0; 52.0] 0.005

LOS after operation (days) 3.0 [2.0; 6.0] 4.0 [2.0; 7.0] 3.0 [2.0; 5.0] 0.412

Data expressed as median [�rst quartile; third quartile] for continuous variables and n (%)/ for nominal variables, BV;
Before-vaccination period, AV; After-vaccination period, Hospital LOS; Hospital length of stay,

Table 2. P values of Kruskal-Wallis rank sum test and Dunn’s Post-hoc test by Benjamini-Yekuteili adjustment.
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Variable Kruskal-Wallis rank sum
test

Dunn’s Post-hoc test (Benjamini-Yekuteili
adjustment)

PP vs PBV PP vs PAV PBV vs PAV

Delta neutrophil index 0.034 0.757 0.037 0.032

Time from symptom to arrival <0.001 0.001 0.007 0.886

Time from arrival to operation 0.068 0.563 0.062 0.086

Time from symptom to
operation

0.005 0.007 0.028 0.832

In Dunn’s post-hoc test by Benjamini-Yekuteili adjustment, the null hypothesis can be rejected when p<0.05/2, PP; Pre-
pandemic, PBV; Before-vaccination period in pandemic, PAV; After-vaccination period in pandemic

Table 3. Therapeutic characteristics of enrolled patients.
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  Pre-pandemic Pandemic (BV) Pandemic (AV) P value

  (N=201) (N=191) (N=92)

Operation type (range)       0.727

Appendectomy 170 (84.6) 157 (82.2) 76 (82.6)  

Partial cecectomy 29 (14.4) 28 (14.7) 15 (16.3)  

Ileocecectomy 1 (0.5) 3 (1.6) 1 (1.1)  

Right hemicolectomy 1 (0.5) 3 (1.6) 0 (0.0)  

Operation type (method)       0.149

Laparoscopy 191 (95.0) 170 (89.0) 87 (94.6)  

Open conversion 5 (2.5) 13 (6.8) 2 (2.2)  

Laparotomy 5 (2.5) 8 (4.2) 3 (3.3)  

Operation time (minutes) 50.0 [35.0; 65.0] 40.0 [30.0; 55.0] 45.0 [25.0; 65.0] 0.015

Pathological type       0.031

Normal appendix 4 (2.0) 2 (1.0) 3 (3.3)  

Simple appendicitis 48 (23.9) 24 (12.6) 15 (16.3)  

Suppurative appendicitis 95 (47.3) 84 (44.0) 37 (40.2)  

Gangrenous appendicitis 4 (2.0) 4 (2.1) 4 (4.3)  

Perforated appendicitis 38 (18.9) 51 (26.7) 22 (23.9)  

Periappendiceal abscess 12 (6.0) 26 (13.6) 11 (12.0)  

Radiological �ndings       <0.001

Normal appendix 7 (3.5) 3 (1.6) 2 (2.2)  

Simple appendicitis 153 (76.1) 129 (67.5) 55 (59.8)  

Abscess, localized peritonitis 37 (18.4) 51 (26.7) 14 (15.2)  

Generalized peritonitis 4 (2.0) 8 (4.2) 21 (22.8)  

Complicated appendicitis 65 (32.3) 93 (48.7) 51 (55.4) 0.003

Criteria for complicated appendicitis        

Operation type 31 (15.4) 34 (17.8) 16 (17.4) 0.806

Pathological type 54 (26.9) 81 (42.4) 37 (40.2) 0.003

Radiological type 41 (20.4) 59 (30.9) 35 (38.0) 0.004

Numbers that meet the criteria       <0.001

1 22 (10.9) 37 (19.4) 23 (25.0)  

2 25 (12.4) 31 (16.2) 19 (20.7)  

3 18 (9.0) 25 (13.1) 9 (9.8)  

Admission to ICU 9 (4.5) 12 (6.3) 4 (4.3) 0.668
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Complication       0.490

Surgical site infection 19 (9.5) 26 (13.6) 13 (14.1)  

Intra-abdominal abscess 4 (2.0) 5 (2.6) 2 (2.2)  

Postoperative ileus 11 (5.5) 17 (8.9) 3 (3.3)  

Pulmonary complication 2 (1.0) 4 (2.1) 0 (0.0)  

Enteritis 1 (0.5) 3 (1.6) 0 (0.0)  

Myocardial infarction 0 (0.0) 0 (0.0) 1 (1.1)  

Re-admission after discharge 5 (2.5) 4 (2.1) 7 (7.7) 0.035

Data expressed as n (%) for nominal variables, BV; Before-vaccination period, AV; After-vaccination period, ICU; Intensive
care unit.

Table 4. Linear regression for time from symptom onset to hospitalization and time from symptom onset to operation.

  Time from symptom onset to hospitalization   Time from symptom onset to operation

  Univariate   Multivariate   Univariate   Multivariate

  OR (95%
CI)

P
value

  OR (95%
CI)

P
value

  OR (95%
CI)

P
value

  OR (95%
CI)

P
value

Age 0.39 (0.21,
0.57)

<
0.001

  0.25 (0.07,
0.42)

0.006   0.39 (0.21,
0.56)

<
0.001

  0.25 (0.08,
0.43)

0.005

Sex                      

Male (Reference)     (Reference)     (Reference)     (Reference)  

Female -1.19
(-8.07,
5.68)

0.734   -4.26
(-10.59,
2.07)

0.188   -1.21
(-8.08,
5.65)

0.729   -4.29
(-10.64,
2.06)

0.186

Daily new
cases

0.00 (0.00,
0.01)

0.254   0.03 (0.02,
0.04)

<
0.001

  0.00 (0.00,
0.01)

0.316   0.03 (0.01,
0.04)

<
0.001

Vaccinated
rate

-0.20
(-0.89,
0.50)

0.578   -2.26
(-3.42,
-1.11)

<
0.001

  -0.24
(-0.93,
0.45)

0.496   -2.26
(-3.41, -1.1)

<
0.001

WBC count -0.94
(-1.78,
-0.10)

0.028   -1.53
(-2.32,
-0.74)

<
0.001

  -0.89
(-1.73,
-0.05)

0.038   -1.47
(-2.26,
-0.67)

<
0.001

Platelet
count

0.07 (0.02,
0.12)

0.004   0.13 (0.08,
0.17)

<
0.001

  0.07 (0.02,
0.12)

0.004   0.13 (0.08,
0.17)

<
0.001

CRP 1.49 (1.09,
1.88)

<
0.001

  1.51 (1.11,
1.90)

<
0.001

  1.44 (1.05,
1.84)

<
0.001

  1.45 (1.05,
1.85)

<
0.001

OR; Odd ratio, CI; Con�dence interval, WBC; White blood cells, CRP; C-reactive protein

Table 5. Univariate & Multivariate binary logistic regression for complicated appendicitis and Ordinal regression for
numbers that meet the criteria for complicated appendicitis.
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  Univariate   Multivariate

  Binary logistic regression

OR (95% CI) P value   OR (95% CI) P value

Age 1.035 (1.024,1.046) < 0.001   1.024 (1.011,1.037) < 0.001

Sex          

Male (Reference)     (Reference)  

Female 0.868 (0.604,1.246) 0.443   0.857 (0.545,1.347) 0.504

Daily new cases 1.001 (1.000,1.001) 0.022   1.002 (1.001,1.002) 0.0017

Vaccinated rate 1.024 (0.987,1.062) 0.2018   0.915 (0.84,0.996) 0.0404

WBC count 1.017 (0.973,1.063) 0.4594   1.01 (0.952,1.072) 0.7318

Platelet count 0.999 (0.996,1.001) 0.3162   1.003 (0.999,1.006) 0.1304

DNI 1.293 (1.182,1.416) < 0.001   1.115 (1.012,1.228) 0.0272

CRP 1.188 (1.144,1.234) < 0.001   1.159 (1.114,1.206) < 0.001

Hosmer & Lemeshow goodness of �t test P = 0.509

AUC of ROC curve (95% CI) 0.828 (0.791-0.866)

OR; Odd ratio, CI; Con�dence interval, WBC; White blood cells, DNI; Delta neutrophil index, CRP; C-reactive protein, AUC; Area
under curve, ROC; Receiver operating characteristic

Figures
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Figure 1

Patients included in the study
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Figure 2

Daily con�rmed cases of COVID-19 and percentage of fully vaccinated individuals until August 31, 2021 
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Figure 3

Hospital length of stay between the three groups 
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Figure 4

Re-hospitalization rate within 30 days after discharge between the three groups 


