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Introduction: The relationship that vaccination against corona virus disease 19 (COVID-19) or

recovery from the acute form of the illness may have with the incidence or severity of

acute appendicitis (AA) has not been explored. The aim of this study was to evaluate this

relationship.

Methods: A single centre retrospective study of all consecutive adult patients presenting

with AA in the 6 mo after the initiation of a national vaccination program was performed.

The presenting characteristics and pathological data of patients who had either been

vaccinated against or recovered from COVID-19 were compared with those who had not. In

addition, historical data from the equivalent period 12 and 24 mo beforehand was also

extracted. The incidence of AA was compared between each of these time-frames.

Results: Of the 258 patients initially identified, 255 were included in the analysis of which

156 had either been vaccinated and/or recovered from COVID-19 (61.2%) whilst 99 (38.8%)

patients had not. When comparing these two groups, there were no significant differences

in the presenting characteristics, operative findings or postoperative courses. There was

also no significant change in the incidence of AA when comparing the study dates with

historical data (median weekly incidence of AA 8.0 versus 8.0 versus 8.0 respectively,

P ¼ 0.672).

Conclusions: Based on the data presented here, we failed to find a relationship between a

national vaccination program and both the nature and incidence of AA presenting to a

busy urban hospital.

ª 2022 Elsevier Inc. All rights reserved.
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also noted.3,4 A concurrent increase in the proportion of

delayed presentations and the incidence of complicated

disease has also been described.5-8 These changes, as well

as concerns for the safety of those operating on COVID-19

positive patients, have ushered in a trend towards man-

aging AA nonoperatively with antibiotics as opposed to with

surgery.9,10

The impact of COVID-19 has also been felt in other areas of

general surgery. For instance, delays in diagnosing cancer as a

result of lockdowns is associated with greater disease burden

and poorer overall survival.11 Finally, some cancer patients

were offered nonsurgical intervention for resectable disease

to prevent a delay in intervention caused by a reduction in

resources during the pandemic.12

It has been postulated that patient’s fear of contracting

COVID-19 is partly responsible for the increase in the number

of patients with suspected AA delaying or avoiding their pre-

sentation to the department of emergency medicine (ED).2

However, the growing availability of vaccines effective

against COVID-19 may represent an opportunity to mitigate

these concerns.13 This reflects evidence that vaccination

against COVID-19 reduces the incidence of infection with se-

vere forms of the disease.14,15 In addition, recovery from

COVID-19 is thought to provide a degree of protection from

future re-infection and as such, may also affect healthcare

seeking behaviours.16

As a large number of people are willing to accept the

vaccine if offered and an increasing number of people are

recovering from acute COVID-19 infection, the incidence and

severity of AA may similarly be affected as patients may no

longer fear attending the ED.13,17 Moreover, as some coun-

tries have started rolling back public health measures aimed

at curbing the spread of COVID-19, access to healthcare for

this group of patients may well be improved. The aim of this

study was to explore whether vaccination against COVID-19

or recovery from the acute illness was associated with a

change in the incidence, presenting characteristics and

severity of AA.
Materials and Methods

Setting

This retrospective single centre study was performed in a

general surgery department based in a busy urban university

affiliated hospital. Whilst this hospital is one of three within

close geographical proximity, it houses the most active

regional acute surgical service. Referral to the acute surgical

service can either be via primary care physicians or self-

presentation to the ED.

Patient selection

Institutional ethics board approval was sought and obtained

and the requirement for informed consent waived in light of

the anonymous nature of the study. Using the ICD-9

diagnostic codes for appendicitis (540-542), all consecutive

patients who presented via the ED between the 1st of January

and the 31st of July 2021 were identified. These dates were
chosen as they covered the period of time that a national

vaccination program opened to all adults aged 18 y and over

was being rolled out administering over 150,000 doses daily.18

Although there was no formal algorithm for diagnosis AA at

our centre, patients rarely proceed to surgery without radio-

logical findings in keeping with AA. The decision to perform

either abdominal ultrasonography or computed tomography

was based on clinical suspicion and/or raised inflammatory

markers.

Once identified, these patients were verified according to

the following inclusion criteria: Patients must have been aged

18 y or older; must have presented emergently via the ED;

have had their surgery performed for a clinically or radiolog-

ically presumed AA; and have medical records available for

review including documentation of their COVID-19 immuni-

zation or recovery status. Patients could have been treated

surgically with either a laparoscopic or open appendectomy or

conservatively with intravenous antibiotics. Patients who

underwent surgery for a presumed AA in whom a normal

appendix was ultimately found were also included in the

study.

Data extraction

The data extracted from the patients’ electronic hospital re-

cords included patient age and gender and the length of

symptoms before presentation to the ED. The incidence of

delayed presentation was noted and defined as presentation

to the ED � 72 h following the onset of symptoms. The intra-

operative findings were recorded and classified as follows.

Uncomplicated AA referred to acute inflammation of the ap-

pendix whilst complicated AA included gangrene, perforation

or peri-appendicular abscess. A normal appendix was defined

by the absence of gross inflammation. The length of hospital

stay was extracted and recorded in days. In addition, patients

whowere given antibiotics following discharge for>72 h were

also identified. Finally, post-operative complications of

Clavien-Dindo grade �3 that occurred within 30 d following

surgery were also recorded.

The primary aim of the study was to compare whether

immunization status or recovery from COVID-19 affected the

presenting characteristics and severity of AA presenting to the

ED. The secondary outcome was to assess whether the inci-

dence of AA changed following the implementation of a na-

tional policy of vaccination against COVID-19 in comparison

to historical data.

In order to assess whether vaccination status or recovery

from COVID-19 affected the presenting characteristics or the

severity of AA, all patients identified between the study dates

were stratified according to vaccination or recovery status.

Patients were considered to have been vaccinated if they had

received any brand of vaccination according the prescribed

dosing recommendations. Similarly, only patients with sero-

logical proof of previous COVID-19 infection were counted as

having recovered. Patients who had been both vaccinated and

had serological proof of previous infection were also included

in the analysis. Once allocated to the vaccinated/recovered

group, the clinicopathological and surgical data of these pa-

tients was compared with those who had not been vaccinated

nor recovered from COVID-19.
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With regards to the secondary outcome, the incidence of

patients presenting to hospital during the study period was

compared with historical data from the same institution both

1 and 2 y prior (equivalent to January 1, 2019 until July 31, 2019

and January 1, 2020 until July 31, 2020). A search of these

equivalent time-periods before the study dates enabled a

year-on-year comparison, compensating for seasonal or

temporal changes in the incidence of AA both before and

during the COVID-19 outbreak.

Statistical analysis

All statistical analysis was performed using SPSS version 27

(IBM SPSS Statistics for Windows, Version 21.0. Released 2020.

Armonk, NY: IBM Corp). Descriptive statistics are displayed as

median or N with interquartile range or percentage in

parenthesis unless stated otherwise. Univariate comparisons

between the two groups were performed using Fishers exact

test or Chi squared for ordinal or categorical variables and

Mann Whitney U-test for continuous variables. In order to

compare the incidence of AA before and after COVID-19

vaccination became widely available, a comparison was

made between the average monthly incidence of AA during

the study period with equivalent time periods 12 and 24 mo

beforehand using ANOVA. For all analyses, a P value of <0.05

was considered significant.
Results

Between the study dates, 258 patients were admitted via the

ED with a presumed diagnosis of AA. Data was available for

255 patients (98.8%). In order to assess the primary outcome, a

comparison was made between patients who had either been

vaccinated or recovered from COVID-19 and those who had

not. The results of this analysis are described in Table 1. There

were 156 patients allocated to the vaccinated or recovered

group (61.2%) and 99 (38.8%) patients allocated to the non-

vaccinated or recovered group. In the former, 125 (80.1%) of

patients had been fully vaccinated with greater than 2 wk

elapsing between their second dose and presentation to the

ED. There were no significant differences in terms of the

presenting characteristics, severity or treatment modality

when comparing between the two groups. Furthermore, no

differences were noted neither in terms of the postoperative

length of stay nor the need for postdischarge antibiotic

therapy.

The description of themonthly incidence of AA throughout

the study period is presented in Figure along with the histor-

ical data from the equivalent periods 12 and 24 mo earlier.

This graph shows that there were generally less cases of AA in

the 2020 and 2021 time periods in comparison to 2019, espe-

cially during April. However, these differences were not sus-

tained and the trend appears to be that the incidence of AA

was similar between the three time periods.

To further assess whether there was a difference in the

distribution of the incidence of AA between the study dates in

comparison with historical data, an ANOVA analysis was

performed. The results of this are shown in Table 2. Therewas

no significant difference between the median weekly
incidence of AA when comparing between the three time

periods included in the analysis (P ¼ 0.672).
Discussion

In this study we have shown that, for the cohort presented

here, when comparing patients who had been vaccinated

against or recovered from COVID-19 with those who had not,

there were no differences in terms of their presenting char-

acteristics or severity of their AA. Furthermore, there was no

difference in the incidence of AA following the roll out of a

national vaccination program in comparison with an equiva-

lent pre-COVID-19 period. Considering that previous studies

have described an increase in the incidence of delayed pre-

sentations of AA alongside an overall decrease in the inci-

dence of AA presenting to the ED, we expected that the role

out of a national vaccine program would be associated with a

reverse in this trend.

Whilst the seasonal changes in the incidence of AA have

been previously described with fewer cases in the winter and

a peak in the summer, this was not a trend noted in our

cohort.19 Some of the factors that are thought to underpin

seasonal changes may have been affected by the COVID-19

outbreak. These include national lockdowns, closure of

educational systems and insistence on social distancing as

they may have influenced behavioural and dietary habits

previously been associated with the incidence of AA.20 How-

ever, with regards to other factors associated with the tem-

poral changes in the incidence of AA this may not be the case.

This includes factors such as changes in the weather and

temperature that are less likely to have been affected by

COVID-19.21

Previous studies have described a decline in the inci-

dence of AA during the outbreak of COVID-19 with a con-

current increase in the number of patients presenting with

complicated AA.6-8,10 Several theories have been proposed

to explain these changes. Anxiety regarding patient-to-

patient transmission of COVID-19 may prevent presenta-

tion to the ED.22,23 As such, more patients may be inclined to

treat themselves symptomatically at home only presenting

to hospital when their symptoms fail to resolve.24 Evidence

also suggests that lockdown policies aimed at stemming the

spread of COVID-19 negatively affects access to healthcare

resulting in delayed presentation of common illnesses

due to cancelled appointments due to limited public

transport.25-27

In light of these explanations, it could be expected that

the initiation of a national vaccination program would be

associated with a reverse in the aforementioned trends in

AA noted during COVID-19. However, the data presented

here fails to demonstrate this. There are several possible

reasons why this may be the case. Firstly, there is growing

evidence concerning ‘pandemic fatigue’ and nonadherence

to lock-down policies.28 While intention to adhere to

governmental guidelines remains high,29 up to 92.8% of

people have been found to not adhere to all social

distancing rules.30 As a result, the proposed public health

theories thought to affect the declining incidence of AA may

become less relevant as the pandemic continues. This may

https://doi.org/10.1016/j.jss.2022.06.040
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Fig. e The average monthly incidence of acute appendicitis cases during the study group and historical time periods.

Table 1 e Analysis of the characteristics and severity of AA of patients identified during the study period.

Variable Vaccinated/recovered Non-vaccinated/non-recovered P value

N ¼ 156 N ¼ 99

N/median (%/IQR) N/median (%/IQR)

Vaccinated 125 (80.1%) - -

Gender:

Male 78 (50.0%) 50 (50.5%)

Female 78 (50.0%) 49 (49.5%) 0.937

Age (y) 28.0 (15.5) 29.0 (17.0) 0.701

Length of symptoms (d) 1.0 (1.0) 1.0 (1.0) 0.250

Delayed presentation (>3 d) 13 (8.3%) 9 (9.1%) 0.834

Leucocytosis (�109/L) 13.2 (6.3) 12.8 (7.6) 0.511

C Reactive protein (1 mg/L) 1.9 (5.0) 1.5 (2.9) 0.780

Non-surgical treatment 3 (1.9%) 2 (2.0%) 0.957

Severity of appendicitis:

Normal appendix 0 (0.0%) 2 (2.0%)

Uncomplicated appendicitis 117 (75.0%) 75 (75.8%)

Complicated appendicitis 39 (25.0%) 22 (22.2%) 0.748

Laparoscopic appendectomy 152 (97.4%) 95 (96.0%) 0.927

Percutaneous/laparoscopic drainage of

peri-appendicular abscess

2 (1.3%) 1 (1.0%) >0.999

Length of surgery (min) 37.0 (22.0) 33.5 (23.5) 0.373

Post-operative peritoneal drain 21 (13.5%) 5 (5.1%) 0.316

Length of stay (d) 1.0 (1.0) 1.0 (1.0) 0.121

Patients given antibiotic treatment on discharge 21 (13.5%) 15 (15.2%) 0.532

Post-operative complication 0 (0.0%) 1 (1.0%) >0.999
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Table 2 e A comparison of the weekly incidence of AA
presenting to the department of emergency medicine
during the study period with historical data.

Time period Median weekly incidence
of AA (IQR)

P value

January 01, 2021-July

01, 2021

8.0 (4.0)

January 01, 2020-July

31, 2020

8.0 (4.25)

January 01, 2019-July

31, 2020

8.0 (5.0) 0.672
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also explain why the incidence of AA presented here, almost

a year after the onset of COVID-19, is so similar to the his-

torical data from 24 mo previously.

Secondly, the current literature that explores the rela-

tionship between COVID-19 and the changing nature of AA

does not consider the impact successful vaccination or post-

infection status on the incidence or characteristics of AA.

There is preliminary evidence that suggests that adherence

to hygiene behaviours fluctuates with the incidence of

COVID-19.31 Similarly, as the incidence of COVID-19 de-

clines, the fear of transmission may be lessened. Further-

more, the fear of transmission is maximal amongst a group

of patients who tend not to suffer from AA. Those found to

be most at fear include the elderly, the unemployed, and

those with a history of psychiatric illness.26 We propose that

a potential change in public perception, possibly reinforced

following vaccination or recovery from COVID-19 may also,

to an extent, explain why there was also no difference in the

presenting characteristics or severity of AA in the cohort

presented here.

It is important to differentiate whether the changes in the

incidence of AA that have been observed elsewhere are due to

the changes in the incidence of COVID-19 or due to the effect

of a national lockdown. Understanding this differentiation is

important for healthcare resource planning and allocation as

it may affect the timing of when acute care services are

restored. If acute surgical care has been rationalized during

the pandemic, restoration of these services will need to be

timed for either downturns in the prevalence of COVID-19 or

the ending of national lockdowns aimed at stemming the

spread of COVID-19. This is vital to ensure appropriate pro-

vision of acute surgical care services for the projected future

work-load at the appropriate time.

There are several limitations to this study. The data was

collected retrospectively and was limited to the experience of

a single centre. Although this study was performed in an

urban hospital housing a busy acute surgical service, as hos-

pitals within close geographic proximity were not included in

the study a degree of referral bias will have been introduced.

The datawas also further limited by only exploring AA and did

not include other acute surgical illnesses. In addition, other

variables that could have been useful in understanding

changes in patient behaviour, such as COVID-19 fear of

transmission scale were not collected.27 We also included

those who had recovered from COVID-19 alongside those who
had been vaccinated. Although there were only a few patients

who recovered from COVID-19 who were not vaccinated, the

inclusion of these patients affects the generalizability of the

results. Finally, it is possible that by extending the time-period

of the study changes in the incidence and severity of AA may

have been noted.
Conclusions

In the cohort of patients presented here, we were unable to

demonstrate a relationship between vaccination against

COVID-19 or recovery from acute infection and the incidence,

severity or presenting characteristics of AA. This suggests that

the implementation of a national vaccination program may

not affect the nature nor volume of common surgical emer-

gencies managed by acute general surgical services. As more

countries start to vaccinate patients against COVID-19, further

studies will be needed to understand how demands for acute

care surgical services will be affected.
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