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Abstract: Following the SARS-COVID-19 pandemic the relaxation of non-pharmaceutical
interventions (NPIs) and social restrictions has been associated with a notable increase in antibiotic-
resistant bacteria. The purpose of this study was to evaluate the effect of the COVID-19 pandemic
on clinical severity of Infective Endocarditis (IE) among in-patients before, during, and after the
pandemic. A retrospective population study was conducted from January 1, 2017, to January 1, 2025,
involving consecutive patients diagnosed with endocarditis at a referral hospital in Tuscany, Italy.
The patients were stratified into three groups: pre-pandemic (2017-2019), pandemic (2020-2021),
and post-pandemic (2022-2025). During the study period, a total of 187 confirmed hospitalised cases
of IE were diagnosed, temporally divided as follows: 86 pre-pandemic, 35 during the pandemic,
and 67 post-pandemic. The incidence of S. Aureus-related IE admissions increased significantly
(23.20% pre-pandemic vs. 29.40% during the pandemic vs. 44.7% post-pandemic, p=0.022). The
incidence of MRSA-related IE admissions increased but not significantly (10.50% pre-pandemic vs.
33.30% during the pandemic vs. 20.0% post-pandemic, p=0.389). Sepsis shock was more frequent
(34.9% pre-pandemic vs 55.9% during the pandemic vs 53.7% post-pandemic, p=0.044). "Mortality
rates were notably elevated during the pandemic and remained higher in the post-pandemic period
(29.40% and 32.80%, respectively) compared to the pre-pandemic period (18.60%; p=0.018). The
increased incidence of systemic sepsis was identified as a strong independent predictor of in-
hospital mortality. In conclusion in-hospital mortality from infective endocarditis has remained
elevated post-pandemic, largely due to the increased systemic severity linked to a rise in more and
resistant bacterial infections.

Keywords: staphylococcus aureus; antibiotic resistance; endocarditis prognosis; infectious
endocarditis; NPI

1. Introduction

Public health measures implemented across many countries during the COVID-19 pandemic
significantly reduced hospital admissions for non-COVID-related conditions. This decline was
largely attributed to reduced transmission of respiratory viruses and a subsequent decrease in
bacterial infections!.

In Italy, as in other European nations, NPIs varied in intensity throughout the pandemic. These
measures were strictest in 2020 and extended until the spring of 2022, after which a gradual relaxation
occurred, culminating in the complete withdrawal of any restriction by May 2023. With easing of
NPIs epidemiological data indicate some resurgence of respiratory pathogens, notably RSV and other
respiratory viruses and bacteria. However, there is no systematic study that have comprehensively
examined the impact of these NPIs, and their subsequent removal, on hospitalizations for LRTIs,
particularly among individuals with CRDs?. IE is a global concern with an increasing incidence over
the past few years®. Its clinical expression varies in a broad range of multisystemic manifestations
and potential complications. Despite advances in diagnostic techniques and therapeutic
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interventions, mortality associated with IE remains high. In-hospital mortality rates range from 8%
to 40% depending on population characteristics and study methodologies®. Recent large-scale,
multicenter studies, such as the EURO-ENDO Registry, report an in-hospital mortality rate of
approximately 17%, with no observed decline in both developed and developing regionst. Mortality
exceeds 30% in critically ill patients, such as those requiring intensive care, highlighting the severe
nature of the disease in these cases’.

To date, no studies have explored the impact of the COVID-19 pandemic on the epidemiology
and severity of IE. Therefore, we aimed to assess and quantify the pandemic's effect on
hospitalization trends, mortality rates, and the clinical characteristics and severity of IE in patients
during and after the pandemic.

2. Study Design and Patients

In this retrospective case-series population study all patients referred to our center for suspected
IE from January 1, 2017, to March 1, 2025, were enrolled. If they met the established criteria for a
definite diagnosis of IE8 confirmed by the HCDD, they were categorized into three cohorts based on
the time of diagnosis:

Pre-Pandemic group: Patients diagnosed from January 1, 2017, to March 10, 2020.

Pandemic group: Patients diagnosed between March 11, 2020, and March 20, 2022.

Post-Pandemic group: Patients diagnosed from March 21, 2022, to February 28, 2025.

2.1. Data Collection

Epidemiological Data: Clinical risk factors were recorded, including underlying heart conditions,
heart failure upon admission, renal insufficiency, diabetes, embolic events, septic shock, COPD,
peripheral vascular disease, immunocompromised status, and intravenous drug use.

Microbiological Features: Blood cultures, serology, and valve/tissue cultures were collected. Blood
cultures were drawn from at least three separate samples before initiating antibiotic therapy.
Additional cultures were obtained in cases requiring valve surgery or pacemaker/lead extraction.

Echocardiographic Findings: The largest vegetation length was measured. In the absence of
vegetation, other echocardiographic criteria were assessed, such as new valvular regurgitation, flail
leaflets, prosthesis dehiscence, abscess formation, pseudoaneurysm, fistula, or new valvular
perforation.

Outcome Measurement: In-hospital mortality was recorded and analyzed.

2.2. Definitions

Underlying conditions were assessed using the CCI°, which classifies comorbidity severity into
three categories: mild (CCI score of 1-2), moderate (CCI score of 3-4), and severe (CCI score 25).

The definitions of paravalvular abscess and pseudoaneurysm followed the European Society of
Cardiology guidelines and were included under the broader category of “perivalvular extension” of
infection?.

Sepsis was defined as life-threatening organ dysfunction resulting from a dysregulated host
response to infection, characterized by an increase of 2 or more points in the SOFA score!0. A higher
SOFA score indicated strong sepsis.

Septic shock was defined as a more severe subset of sepsis, associated with profound circulatory,
cellular, and metabolic abnormalities, leading to an increased risk of mortality compared to sepsis
alone. Clinically, septic shock was identified by the need for vasopressors to maintain a mean arterial
pressure of >65 mm Hg, along with a serum lactate level >2 mmol/L (>18 mg/dL) in the absence of
hypovolemia!'. Cardiogenic shock was defined as acute circulatory failure caused by myocardial
dysfunction, characterized by a systolic blood pressure <90 mm Hg, tissue hypoperfusion, and a
reduced cardiac index.!? Surgical indications and timing followed the current guidelines.?
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In-hospital mortality was defined as death occurring during the same hospital admission,
irrespective of the underlying cause.

2.3. Statistical Analysis

The incidence rate per 100,000 inhabitants per year was calculated.

Continuous variables were expressed in mean + SD in the case of normal distribution or median
(interquartile) with non-normal distribution. The comparison of normal continuous variables was
performed by t-test for 2 samples. Non-normally distributed variables were compared by the Mann—
Whitney U-test. The comparison between variables in frequencies was performed using the chi-
square test. The normality of continuous variables was tested by the Kolmogorov-Smirnov test for
all continuous variables (backward selection).

Univariate and multivariate analyses were performed on various clinical parameters, including
causative microorganisms, persistent bacteremia, diabetes, renal insufficiency, heart failure, embolic
events, neurological complications, septic shock, age, sex, COPD, peripheral vasculopathy,
predisposing factors, community- or healthcare-acquired infections, valve involvement, prosthetic
versus native valve IE, catheter-related IE, indications for surgery, cases where surgery was indicated
but not performed

Actuarial survival analysis was performed using the Kaplan-Meier method, with the day of
diagnosis as the starting point; in-hospital survival was estimated. Survival curves were compared
using the log-rank test. The Kaplan-Meier curve was also made for survival analysis stratified by
Period. Significance was calculated by the log-rank test. Hazard ratios and ClIs for death were based
on the Cox proportional hazards model (back-ward selection). This multivariate model included the
variables that were significant in the univariate analysis with P <.1 and the most relevant clinical
characteristics. A P-value of less than .05 was considered statistically significant. R Cran 3.3.0 for
Windows 11 was used for all analyses.

3. Results

During the study period 597 patients were referred to our center for suspected IE. Of these, a
total of 186 confirmed hospitalized cases of IE were diagnosed, with 81 cases occurring pre-pandemic,
35 during the COVID-19 pandemic, and 67 in the post-pandemic period. Pre-pandemic follow-up
was 38.0 months, pandemic was 24.5 months, and post-pandemic was 35.4 months. Most cases
involved male patients (55.56%, n=104), with a median age of 67.88+16.32 years. Baseline
characteristics of the study population are presented in Table 1.

Table 1. Comparisons of Baseline Characteristics between Groups.

Post- p-
Pre-Pandemic Pandemic
Pandemic value
Patients n. (%) 86 34 67

Male n. (%) 42 (48.80) 22 (64.70) 40 (59.09) 0.217

‘ 77.20[28.9- 73.60[41.80- 69.10[21.0-
*Age [min-max] 0.010

90.90] 93.55] 89.30]

Cancer n. (%) 18 (21.70) 7 (21.90) 11 (16.40) 0.558
Recent Cardiac Surgery n. (%) 7 (8.10) 2 (5.90) 7 (10.40) 0.299
Immunocompromission n. (%) 4 (4.90) 3 (9.40) 7 (10.40) 0.552
Diabetes n. (%) 10 (11.80) 7 (20.60) 13 (19.40) 0.316
Ischemic Heart Disease n. (%) 17 (19.80) 6 (17.60) 7 (10.40) 0.303
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Congenital Heart Valve Disease n.
. 1(1.2) 0(-) 1 (1.50) 0.001
(%)
- Bicuspid Aortic Valve n. (%) 9 (10.50) 9 (26.50) 1 (1.50) 0.001
- Mitral Valve Prolapse n. (%) 14 (16.30) 3(9.40) 4 (6.00) 0.001
PMK/CVC n. (%) 33 (38.40) 16 (47.10) 25 (37.30) 0.000
COPD n. (%) 18 (20.90) 14 (41.20) 15 (22.40) 0.049
History of HF n. (%) 17 (19.80) 12 (35.30) 14 (20.90) 0.146
Previous Stroke n. (%) 9 (11.00) 3 (9.40) 5 (7.50) 0.781
Periferial Arteropathy n. (%) 5 (6.10) 5 (14.70) 4 (6.00) 0.007
IVDA (%) 11 (12.80) 4 (11.80) 17 (25.30) 0.072
Previous IE (%) 8 (9.30) 1(2.90) 10 (14.90) 0.150
Charlson Comorbidity Index
) 2.78+2.18 4.26+2.62 5.14+3.24 0.000
(points)
Atrial Fibrillation n. (%) 15 (17.40) 12 (35.30) 11 (16.40) 0.059
60.00[20.00- 65.00[35.00- 65.00[15.00-
“LVEF [min-max] 0.118
70.00] 70.00] 68.00]
Creatinine mg/dl (mean) 1.63+1.03 2.39+2.15 1.67+1.85 0.054
Dialysis n. (%) 2 (2.30) 3 (9.40) 8 (11.90) 0.056

Legend: Independent t test was performed for all normal variables. *Mann-Whitney U-test for non-normal
variables. COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; GCS, Glasgow Coma
Scale; HF, heart failure; IVDA, intravenous drug abuse; LVEF, left ventricular ejection fraction; PMK,

pacemaker.

Notably, patients admitted during the post-pandemic period were significantly younger than
those in the pre-pandemic and pandemic groups 69.10 [21.0-89.30] years vs. 77.20 [28.9-90.90] years
vs. 73.60 [41.80-93.55] years, p=0.010). The aortic valve was the most involved (Table S1). Prosthetic
involvement occurred in 27.30%. IVDA was not significantly increased post-pandemic (12.80% vs
11.80% vs 25.30%, p=0.070). The Charleston Comorbidity Index was significantly higher in post-
pandemic patients than in those of the pre-pandemic period (5.14+3.24 vs 2.78+2.18, p=0.000). The
main results of the study are summarized in Table 2.

Table 2. Main Results in the 3 groups of Infective Endocarditis.

Total Pre-Pandemic = Pandemic Post-Pandemiac ~ p-value
Acute HF (%) | 36 (19.25) 17 (19.80) 4 (11.80) 19 (27.40) 0.183
Embolization (%) | 63 (33.68) 23 (26.70) 13 (37.10) 29 (43.30) 0.090
- Cerebral (%) | 32 (50.80) 11 (47.80) 8 (61.50) 14 (48.30) 0.201
Other (%) | 31 (49.20) 12 (52.20) 5 (38.50) 15 (51.70) 0.272
- Abscess (%) | 34 (18.20) 17 (20.00) 6 (17.60) 11 (16.14) 0.742
Blood Colture (%)
Negative (%) | 35 (18.70) 21 (24.40) 6 (17.60) 8 (11.90) 0.034
S. Aureus (%) | 60 (32.10) 20 (23.20) 10 (29.40) 30 (44.70) 0.022
S. Aureus MRSA (%) | 8 (4.30) 2 (10.50) 4(33.30) 6 (20.00) 0.389

d0i:10.20944/preprints202504.2266.v1
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S. viridans (%) | 23 (12.30) 14 (16.30) 1(2.90) 8 (11.90) 0.112
S. Coagulsi neg (%) | 26 (13.90) 13 (15.10) 8 (23.50) 5 (7.40) 0.113
Pseudomonas A. (%)| 1(0.54) 1(1.16) 0() 0() 0.114
Enterobacter (%) | 7 (3.70) 2 (2.30) 2 (5.90) 3 (4.50) 0.115
S. Beta Hemolytic (%) | 25 (13.40) 8 (9.30) 4 (11.80) 13 (19.40) 0.116
Fungal (%)| 2(1,10) 2 (2.30) 0(-) 0(-) 0.117
Polymicrobial (%) | 2 (1,10) 1(1.16) 1(2.90) 0(-) 0.118
Other (%) | 6(3.20) 3 (3.50) 3 (9.40) 0(-) 0.119
Septic shock (%) [ 85 (45.50) 30 (34.90) 19 (55.90) 36 (53.70) 0.044
SOFA Score (points) | 4.39+3.64 3.38+2.74 5.82+4.85 4.97+3.64 0.001
ICU admission (%) | 63 (33.70) 23 (26.70) 16 (47.10) 27 (40.30) 0.070
Lactate (mmol/l) | 2.36+2.25 1.98+1.19 2.54+1.70 2.51+2.88 0.497
OTI (%) | 27 (14.40) 9 (10.50) 8 (23.50) 13 (19.40) 0.133

Deaths
In-Hospital (%) | 48 (25.70) 16 (18.60) 10 (29.40) 22 (32.80) 0.185

Legend. ICU, intensive care unit; SOFA, sequential organ failure assessment; OTI, oratracheal intubation.

Since 2022, there has been an increase in hospitalizations (67 post-pandemic vs. 35 during the
pandemic), approaching the pre-pandemic levels.

A significant rise in the incidence of Staphylococcus aureus infections across the pre-pandemic,
pandemic, and post-pandemic was recorded (23.2% vs. 29.4% vs. 44.7%, p=0.022). A trend toward a
rise in the MRSA infections post-pandemic was noticed, but it did not reach statistically significance
vs the pre-pandemic period (20.0% vs 10.5%, p=0.389). Similarly, the incidence of sepsis, defined by
elevated blood lactate levels with peripheric hypoperfusion, increased during and after the pandemic
compared to the pre-pandemic period (55.9% vs. 53.7% vs. 34.9%, p=0.044). There was also a
significant elevation in the SOFA score during and after the pandemic compared to pre-pandemic
values (4.97+3.64 vs. 5.82+4.85 vs. 3.38+2.74, p=0.018). Although an increase in embolic events,
particularly cerebral septic embolism, was observed during the pandemic and post-pandemic
(26.70% vs. 37.10% vs. 43.30%), this rise did not reach statistical significance (p=0.090). Additionally,
there were no significant differences in the incidence of abscess formation across the three periods
(p=0.742). An increase in AHF cases was observed during the pandemic, though no significant
differences were found between the pre-pandemic and post-pandemic (11.80% vs. 19.80% vs. 27.40%,
p=0.118).

The rate of ICU admissions increased during and after the pandemic compared to pre-pandemic
levels (47.10% vs. 40.30% vs. 26.70%, p=0.070). The temporal trends were illustrated in Figures 1 and
2.
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Figure 1. Temporal trend in Total (A) and MRSA (B) S. Aureus from 2017 to January 2025. Annual change and

pre-pandemic, pandemic and post-pandemic changes.
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B. ICU Admissions Trend
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Figure 2. Principal temporal trend in Infective Endocarditis 2017 to January 2025. Annual change and pre-

pandemic, pandemic and post-pandemic changes. Abbreviation: SOFA: sequential organ failure assessment.

ICU: Intensive Cure Unit.

There was also a notable rise in the number of patients requiring both ICU admission and

surgical intervention, although surgery could not be performed in some cases due to high operative

risk (Table S2).

During and post-pandemic, percentage of patients with indication to surgery which was not

performed was higher compared to pre-pandemic (32.40% vs 29.40% vs 10.50%, p=0.001)

Kaplan-Meier survival curves (Figure 3) revealed a significant increase in mortality during and

after the pandemic (p=0.018).

In-hospital Mortality
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Figure 3. Kaplan Mayer plots adjusted for covariates of survival analysis in three groups (pre-pandemic,

pandemic and post-pandemic).

In the multivariate analysis, the rise in systemic sepsis (Table 3 and Figure 4) was also identified
as a strong independent predictor of in-hospital mortality (p=0.008).

d0i:10.20944/preprints202504.2266.v1
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Table 3. Univariate and Multivariate Logistic Regression analysis for predictors of In-hospital Mortality.

Univariate Multivariate
95% C.I 95% C.I.
Adjusted Lower  Upper p- Adjusted Lower Upper pl_
valu
HR Limit Limit value HR Limit Limit
e
Age (years) 1,016 0.996 1.037 0.117 1.019 0.992 1.047 0.163
Previous
0,615 0,169 2,234 0,461
Endocarditis
Embolic
o 1,505 0,7444 3,045 0,255
complication
Abscess 2,688 1,185 6,007 0,018 1.352 0.572 3.192 0.492
Prosthetic Valve 1,001 0,566 1,11 0,576
Vegetation
1,587 0,793 3,177 0,192
diameter > 10 mm
S. Aureus Infection 1,479 0,726 3,011 0,281
Creatinine > 2
5,265 2,366 11,717 0 1.362 0.589 3.146 0.470
mg/dl
PaO2/FiO2  ratio
0,992 0,987 0,997 0,001 0,999 0,995 1,003 0.494
(mmHg%)
Sepsis 8,944 3,835 20,86 0 2.866 1.131 7.262 0.026
SOFA score (point) 1,275 1,162 14 0 1.123 1.039 1.214 0.004
AHF 2,394 1,076 5,326 0,032 1.267 0.594 2.703 0.540
Not Surgery 0,221 0,087 0,558 0,001 1.404 0.534 3.690 0.491
Charlson
Comorbility Index 1,31 1,166 1,471 0.001 1.173 1.052 1.307 0.004
(point)

Legend. PaO2/FiO2 ratio, partial pressure of oxygen/ inspired fraction of oxygen; SOFA, squential organ failure

assessment; AHF, acute heart failure; mmHg, millimeters of mercury.

Surgery not
performed

1.404[0.534 - 3.690], p = 0.491

AHF

1.267 [0.594 - 2.703], p = 0.540

SOFA score (point) - 1123 [1.039 - 1.214], p = 0.004

Septic Shock L | 2.866 [1.131- 7.262], p = 0.026

Charlson Comarbility
Index 1173 [1.052- 1.307), p = 0.004
Serium Creatinine > 2 =
mg/dl 1.362 [0.589 - 3.146], p = 0.470

Abscess - 1.352[0.572 - 3.382), p = 0.492

1.019 [0.992 - 1.047], p = 0.163
Age (years) ]
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Figure 4. Logistic regression model that compared the effects on In-hospital Mortality.

4. Discussion

This study reports significant changes in the epidemiological patterns of infective endocarditis
following the COVID-19 pandemic, reflecting broader trends observed in other viral and bacterial
infections worldwide®. First, we observed that after an initial decline in hospital admissions for non-
COVID conditions during the pandemic, the number of admissions for endocarditis has been
progressively returning to pre-pandemic levels following the relaxation of restrictive measures.
Secondly, we noticed that the severity of endocarditis, which increased during the pandemic, has
remained elevated compared to the pre-pandemic period. Specifically, during both the COVID and
post-COVID periods, the observed rise in severe cases has been accompanied by an increased need
for surgical intervention, but also by a higher number of patients with surgical indications who did
not undergo surgery due to their more advanced disease state and subsequent inoperability. As
previously observed in the EURO-ENDO registrys$, the failure to perform indicated surgery is a key
negative prognostic factor for mortality.

Reasons for this increased severity are multifactorial, mainly regarding two fundamental
aspects: the higher frequency and selection of more aggressive and antibiotic-resistant bacteria and
the greater frailty of patients.

Aspects related to infectious agents:

The easing of NPI has been associated with a resurgence of bacterial and viral infections, such
as RSV and group A streptococcus*. Indeed, we recorded a marked increase in infections caused by
Staphylococcus aureus MSSA as well as MRSA. This late aspect has resulted in more severe septic
conditions, with patients more frequently experiencing septic shock and higher SOFA scores during
the pandemic and post-pandemic periods, leading to increased intensive care unit admissions. The
EURO-ENDO registry® has already established that S. aureus infection is another strong independent
prognostic predictor of mortality in patients with IE. Therefore, the increased circulation of more
aggressive and resistant pathogens could be one of the drivers of this worsening clinical picture.

Similar findings have been reported by other authors about Staphylococcus aureus infections.
In a meta-analysis, Abubakar et al.’®> reported that most studies (54.5%) indicated an increase in S.
aureus infection/colonisation, particularly of MRSA, during the pandemic, with increases ranging
from 4.6% to 170.6%. The excessive use of antibiotics during the COVID-19 period exacerbated
antibiotic resistance in certain bacteria, as observed in previous years. This phenomenon during
COVID-19 could be attributed not only to the overuse of antibiotics but also to the reduction of
routine healthcare services.

Several authors have reported a growing rate in infections caused by antibiotic-resistant
pathogens, such as MRSA and multidrug-resistant Klebsiella pneumoniae. Musuroi et al.'é noted a
significant increase in the frequency of non-fermenting Gram-negative bacteria, particularly
Stenotrophomonas maltophilia, between 2020 and 2023, alongside rising antimicrobial resistance in
Pseudomonas and Klebsiella species. Although the frequency of Klebsiella pneumoniae infections
remained stable at 7%, there was a significant rise in the incidence of pan-drug-resistant Klebsiella
pneumoniae strains (40%), including resistance to colistin. This phenomenon may be explained by
the selection of strains carrying multiple resistance genes because of antibiotic treatment during the
COVID-19 pandemic. Xing et al.”” demonstrated a resurgence of macrolide-resistant Mycoplasma
pneumoniae infections, with a high incidence (around 85%) of macrolide resistance. The authors
emphasised that this significant winter epidemic of Mycoplasma pneumoniae infections, alongside
antibiotic resistance, may be attributed to reduced immunity and increased population susceptibility
resulting from the lack of exposure to these agents during the pandemic years.

Patient-related aspects:

Another mechanism contributing to the worsening clinical profiles and increased mortality may
be the greater frailty of patients. In our study, even though patients were younger, they were more
compromised, presenting with more comorbidities compared to the pre-pandemic period, as


https://doi.org/10.20944/preprints202504.2266.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 April 2025 d0i:10.20944/preprints202504.2266.v1

10 of 13

indicated by the Charlson comorbidity index. One possible reason for this could be the delay in
screening for various oncological and cardiovascular conditions during the pandemic. The lack of
screening and access to treatment led to an increase in late-stage diagnoses of cancers and other
chronic diseases. Pellegrini et al.’® found that the disruption of healthcare systems caused by the
COVID-19 pandemic led to a significant shift toward more advanced melanoma diagnoses with a
less favourable prognosis.

Similarly, Tarawneh et al.? reported higher-stage lung cancer diagnoses during the pandemic,
although no clinically significant delays in treatment were observed. A UK-based study highlighted
how the absence of screening during the pandemic could lead to diagnostic delays with negative
consequences on cancer staging, treatment initiation, mortality rates, and years of life lost2.

Furthermore, the use of NPI and social restrictions reduced the circulation of bacteria and
viruses, leading to a loss of natural immunity, particularly among these more vulnerable patients.
Post-pandemic studies on respiratory infections demonstrate similar patterns of delayed resurgence
and increased severity. Chow et al.?! reported a resurgence of respiratory viruses, such as RSV,
following the easing of NPI, exacerbated by decreased natural immunity due to the pandemic.

Goldberg-Bockhorn et al.22 demonstrated that the reduced immune system exposure to
pathogens during the pandemic, combined with the subsequent increase in respiratory viral
infections, likely explains the exceptionally high post-pandemic surge of iGAS infections and the rise
in invasive pulmonary diseases across Europe. This post-pandemic increase in infections was
particularly pronounced among children under 10 and older adults; in Germany, it affected all age
groups equally but was most prevalent in individuals over 65.

This decline in immunity has likely also contributed to the resurgence and severity of IE cases
observed in this study. Therefore, the post-pandemic rebound of viral and bacterial infections has
encountered a more fragile patient population unable to mount an adequate immune response,
leading to more severe clinical presentations.

4.1. Study limitations

This study has several limitations that should be recognised to properly contextualise the
findings. First, its retrospective design might introduce biases, as the data were sourced from existing
hospital records. Second, conducting the study at a single center may restrict the generalizability of
the results. Third, the classification of patients into pre-pandemic, pandemic, and post-pandemic
groups relies on specific timeframes, which may overlook other external factors affecting
hospitalisation and mortality rates. Fourth, although the research included a considerable number of
patients (186 confirmed cases), the sample sizes in the temporal cohorts may be too small to draw
definitive conclusions about trends within certain subpopulations or rare outcomes. Fifth, while the
Charlson Comorbidity Index (CCI) was used to evaluate underlying conditions, it may not fully
capture the range of patient frailty or functional status, as factors like social determinants of health
were not included in the analysis. Sixth, the choice to perform surgical interventions was based on
clinical judgment and may have been influenced by factors such as hospital resources and physician
preferences, potentially leading to variability in treatment strategies across cohorts. Lastly, despite
the statistical analyses performed, there remains a possibility of residual confounding from
unmeasured variables that could impact the outcomes of interest.

5. Conclusion

In-hospital mortality from infective endocarditis has remained high post-pandemic, largely due
to the increased systemic severity associated with a rise in frequency and more resistant bacterial
infections. This trend may be a consequence of the surge in antibiotic resistance during the COVID-
19 pandemic, exacerbated by the rapid easing of restrictions and a potential decline in natural
immunity following extended NPIs.
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These findings highlight the need for ongoing monitoring of antibiotic resistance patterns,
enhanced infection prevention strategies, and optimised treatment protocols to tackle the evolving
challenges posed by IE in the post-pandemic landscape.
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Abbreviation
AHF acute heart failure
CCI Charlson Comorbidity Index
COPD chronic obstructive pulmonary disease
COVID-19 Coronavirus-19 Infection Disease
CRDs chronic respiratory diseases
cvcC central venous catheter
GCS Glasgow Coma Scale
HCDD Hospital clinical digital database
HF heart failure
ICU intensive care unit
IE Infective Endocarditis
iGAS invasive group A streptococcal disease
IVDA intravenous drug abuse
LRTIs lower respiratory tract infections
LVEF left ventricular ejection fraction
MRSA methicillin-resistant Staphylococcus aureus
MSSA methicillin-sensible Staphylococcus aureus
NPIs non-pharmaceutical interventions
OTI oratracheal intubation

PMK pacemaker
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RSV respiratory syncytial virus
SOFA Sequential Sepsis-related Organ Failure Assessment
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