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Objectives: The aim of this work was to study characteristics, outcomes and
predictors of all-cause death in inpatients with SARS-CoV-2 infection across
the pandemic waves in one large teaching hospital in Italy to optimize disease
management.

Methods: All patients with SARS-CoV-2 infection admitted to our center
from March 2020 to June 2022 were included in this retrospective observational
cohort study. Both descriptive and regression tree analyses were applied to
identify factors influencing all-cause mortality.

Results: 527 patients were included in the study (65.3% with moderate and
34.7% with severe COVID-19). Significant evolutions of patient characteristics were
found, and mortality increased in the last wave with respect to the third wave
notwithstanding vaccination. Regression tree analysis showed that in-patients
with severe COVID-19 had the greatest mortality across all waves, especially the
older adults, while prognosis depended on the pandemic waves in patients with
moderate COVID-19: during the first wave, dyspnea was the main predictor, while
chronic kidney disease emerged as determinant factor afterwards.

Conclusion: Patients with severe COVID-19, especially the older adults during all
waves, as well as those with moderate COVID-19 and concomitant chronic kidney
disease during the most recent waves require more attention for monitoring and
care. Therefore, our study drives attention towards the importance of co-morbidities
and their clinical impact in patients with COVID-19 admitted to hospital, indicating
that the healthcare system should adapt to the evolving features of the epidemic.
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1 Introduction

As of May 2023, there have been more than 700 million confirmed
cases of COVID-19, including almost 7 million deaths reported by the
World Health Organization (WHO) globally. According to the Italian
National Surveillance System, since the beginning of the COVID-19
pandemic until April 2022, more than 26 million cases of SARS-
CoV-2 infection were diagnosed (1). In Italy, the pandemic spread
from the northern regions throughout all the Country, but a huge
heterogeneity in incidence and fatality rates were reported since the
first wave of the pandemic (2-8), evolving towards a lower number of
cases and reduced severity of COVID-19. However, since SARS-
CoV-2 infections continue to be reported and a recrudescence of the
pandemic could occur, it is important to look back to the evolution of
the pandemic to get lessons to better manage our patients.

Among the factors which contributed substantially to reduce the
incidence and lethality rates, COVID-19 vaccination represented a
turning point in the evolution of the pandemic (9). However, outcome
of patients varied not only by vaccination status, but also in response
to the evolution of SARS-CoV-2 variants and subvariants, adaptation
of the health services, new treatments introduced into clinical practice,
improved understanding of the disease, skills and expertise of
clinicians and patient characteristics in terms of age, sex and
comorbidities. Moreover, because all these factors may vary among
hospitals and regions, differences in patient outcomes are expected (5).

Several studies analyzed clinical characteristics and outcomes of
patients admitted due to COVID-19 across the first three waves in
Italy. These studies included mainly unvaccinated individuals showing
an improvement in mortality, which paralleled a decrease in the
median age (2-4, 6, 8, 10). Similar data were found elsewhere in
Europe (11-13). However, to the best of our knowledge, only a
retrospective, single center study conducted in Sardinia (Italy) focused
on clinical characteristics and outcomes of patients admitted during
the fourth wave, observing that patients admitted during this one were
older but experienced a milder disease and had a lower risk of
admission to the intensive care units (ICU) rather than patients
admitted during the previous waves of pandemic, although no data on
the vaccination status of these patients were reported (14).

Outcome prediction for a complex disease such as COVID-19 is
limited by incomplete knowledge of the relationship among factors
that are involved in this disease, therefore leading to possible
underestimation of the effect of some factors as mediators [i.e., table 2
fallacy (15)], as well as by lack of consideration of the geographic
variability and evolution of the disease overtime, as demonstrated in
a recent multicenter Italian study (5). Indeed, survival analysis is
usually approached by using Cox models, but this method relies on
hazards proportionality assumptions, which for instance are violated
when adding an additional mediator (16). In order to overcome the
aforementioned difficulty, we tried to focus on a possible different
view to establish a hierarchical classification within study covariates,
resorting to the conditional tree regression technique (17) as a
companion of classical survival analysis. In particular, as it will
be discussed thereafter in the introduction, characteristics of the
hospitalized patients may evolve and this may have a significant
impact on patient outcomes. Unfortunately, the current analyses have
studied predictors using a methodology that may incur into possible
biases. Therefore, we decided to use the conditional tree regression
technique to study predictors of in-hospital deaths in COVID-19
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patients along the pandemic waves to try to inform healthcare
professionals about the main problems to be taken into account in the
more recent stages of the epidemic.

For these reasons, in the present study we aimed at: (i) describing
clinical characteristics and outcomes of patients admitted to our ward
during the four COVID-19 waves; (i) comparing clinical
characteristics and outcome of patients across the four pandemic
waves; (7ii) analyzing risk factors, in hierarchical terms, for in-hospital
mortality in the entire cohort of our COVID-19 patients taking into
account possible differences across the four pandemic waves. In
particular, rather than obtaining an explanatory multivariable model
or a score to predict the clinical outcome, the goal of this analysis was
to explore the most important factors that can increase the risk of
in-hospital death across the four pandemic waves.

2 Materials and methods
2.1 Time frames of the study (waves)

Up until now, there are no universal definitions of “pandemic
wave” The WHO only stated that one wave ends when the virus is
brought under control and cases drop substantially; for a second wave
to start, a sustained rise in infections is needed (18). Based on this
definition and consistently with data from Italian Surveillance System
(1), we defined four pandemic waves as follows: the first from March
23rd, 2020 to April 30th, 2020; the second one from October 11th,
2020 to February 25th, 2021; the third from March 09th, 2021 to
September 25th, 2021; the fourth from November 2nd, 2021 to June
23rd, 2022 (Figure 1).

2.2 Setting and data collection

In the present retrospective observational cohort study, all
consecutive adult patients infected with SARS-CoV-2 admitted from
of March 23rd, 2020 to June 23rd, 2022 to the COVID-19 ward of
Infectious and Tropical Diseases Unit of the Teaching Hospital
“Renato Dulbecco” of Catanzaro in Southern Italy were included as
continuation of a previously published study (7). In all these patients
SARS-CoV-2 infection was confirmed through molecular testing (i.e.,
positive SARS-CoV-2 real-time polymerase chain reaction [RT-PCR,
GeneFinder COVID-19 Plus RealAmp Kit, Elitech Group] on
nasopharyngeal swab), according to WHO recommendations (19).

As established by the hospital directorate of our center, during the
first and the second pandemic waves all patients with confirmed
SARS-CoV-2 infection were admitted to our ward, including those
without significant symptoms attributed to COVID-19, while during
the third and the fourth pandemic waves only patients with significant
symptoms of COVID-19 or other infectious diseases were admitted
to our ward.

For each patient, the following data were collected on the same
day of hospital admission and retrospectively retrieved from clinical
records for the sake of this study: demographics, clinical and
laboratory findings, comorbidities, COVID-19 diagnosis date, home
therapies, therapies administered during hospital stay, need for and
type of oxygen therapy (i.e., low flow-oxygen, high-flow oxygen and
non-invasive and/or invasive ventilation support), length of hospital
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FIGURE 1

Time frames and study design. A total of 527 patients were included in the study period. The period of time that we considered as pandemic wave are
than specified, with the total number of patients admitted and the number of patients died in each wave (Catanzaro, Italy, 2020-2022).

stay, admission to ICU and in-hospital all-cause death. Within 72h
from admission patients were ranked by WHO clinical scale (19) into
two groups: moderate (WHO 4-5) or severe (WHO 6-9) COVID-19.
All patients were followed until discharge, end of the study period
or death.

The study was approved by the ethical committee of the Calabria
Region (protocol reference: FESR/FSE 2014-2020 DDRC n. 4585,
Action 10.5.12, noCOVID19@UMG), and it was carried out in
accordance with the declaration of Helsinki and the principles of the
good clinical practice guidelines (20).

2.3 Statistical analysis

We summarized the features and values for continuous and
categorical data as number and percentages. Categorical data were
compared using chi-square test, while associations in contingency
tables have been addressed by the n-sample test for equality of
proportions, with continuity correction; association within binomial
categorical variables has been addressed by Fisher’s exact test for count
data. Differences between continuous normally or not-normally
distributed covariates have been tested by means of t test, or by Mann-
Whitney-Wilcoxon rank sum test with continuity correction,
accordingly.

In order to identify a plausible hierarchy within mortality
prognostic factors, a multivariable exploratory analysis has been
conducted by means of conditional regression trees as implemented
in the party package (17). Conditional regression tree is a statistical
model that regresses the distribution of a response variable on the
status of multiple covariates and offers a more comprehensible
representation of the mechanism of the data generating process,
especially when heterogeneity of effect measures across covariate
levels complicates the separation of direct and indirect effects (15).
Evidences obtained by hierarchical analysis were consequently
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investigated by survival analysis: binary covariates have been
addressed by means of the log rank test, as implemented in the
survival package (21). To provide confirmation of the significant
prediction of the study variables as a possible means to validate our
cohort data against the results of the current literature we also
performed Cox regression analyses limited to univariate models
and adjustment of each variable for age (bivariate models), while
multivariable analysis was not conducted to prevent misleading
interpretation of secondary risk factors alongside the estimate effect
of the primary exposure (15). Age was included in the bivariate
models since it consistently emerged as a very important predictor
of death (2-4, 6, 7, 14). Associations were expressed using hazard
ratios (HRs) with their 95% confidence intervals (CIs). In all
inferential instances an alpha=0.05 significance level has
been assumed.

The statistical analysis was performed partly on STATA (a general-
purpose Statistical Software Package developed by SataCorp) version
16.1 and partly on the R language (22). The dataset and the R coding
are publicly available on GitHub at the repository http://bit.
ly/3s9wvme6.

3 Results
3.1 Patient characteristics and outcomes

A total of 527 patients were included in the study: 59 (11.2%)
patients were admitted during the first wave, 143 (27.1%) patients
during the second, 152 (28.8%) during the third, and 173 (32.8%)
during the fourth. Of these patients 344 (65.3%) had moderate
COVID-19 and 183 (34.7%) were affected by severe infection
according to the WHO criteria (19).

Demographic, clinical characteristics and outcome (i.e., all cause
death) of COVID-19 patients included in the study according to
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pandemic waves are shown in Table 1. Overall, 299/527 (56%) patients
were males, and the mean age (standard deviation, SD) was 67.8
(15.7) years.

The overall in-hospital mortality rate in our cohort was 15%
(80/527 patients) and it significantly differed along the four COVID-19
waves, ranging from 8.6% during the third wave to 15.4% during the
second one, 16.2% during the fourth one, and 28.8% during the first
one (n-sample test for equality of proportions with continuity
correction, p =0.003). Since increasing in-hospital mortality during
the fourth wave was noticed in contrast with its progressive decrease
during the first three waves, we focused on differences in clinical
characteristics of patients admitted during this last wave compared to
the previous ones.

Compared to those belonging to the first three waves (Table 2),
patients admitted during the fourth wave were affected more
frequently by cancer (p < 0.001), cardiovascular diseases other than
hypertension (p <0.001), diabetes mellitus (p =0.002) and/or chronic
kidney disease [CDK, defined as estimated glomerular filtration rate
below 60mL/min (23), p <0.001], received hospital therapy with
factor Xa/direct thrombin inhibitors or underwent early COVID-19
treatment with short course remdesivir (i.e., for three days) and/or
monoclonal antibodies against SARS-CoV-2 (p <0.001). Furthermore,
patients admitted during the fourth wave were taking a greater
number of medications due to comorbidities compared to those in the
previous waves (p <0.001).

Most patients admitted during the fourth wave received SARS-
CoV-2 vaccination (124/173, 71.7%). By contrast, among 354 patients
admitted during the first three waves, only nine were vaccinated
against SARS-CoV-2 (2.5%). Patients admitted during the first three
waves more frequently reported at admission COVID-19-related
symptoms (p <0.001), especially fever (p <0.001). Although no
statistically significant differences were observed for WHO clinical
progression scale scores, patients admitted during the fourth wave
were less likely to receive oxygen therapy (p <0.001) in particular as
far as low-flow oxygen therapy concerned (p <0.001) and less
frequently received remdesivir (p <0.001), corticosteroids (p <0.001),
enoxaparin (p <0.001) and/or antibiotics (p <0.001) during the
hospital stay.

3.2 Conditional regression tree analysis

In order to establish a hierarchy between mortality and the overall
study covariates, we resorted to the technique of conditional regression
tree (17) (Figure 2). Five covariates had been identified according to
the hierarchical scheme exposed in Figure 2, enhancing the main
hierarchical role of the WHO classification (moderate versus severe
cases), and identifying the proper role of patients age, the different
COVID-19 wave and, respectively, the role of dyspnea and of CKD.

A decreased proportion of 7.3% deaths (n =25) in the moderate
case group versus 30.1% deaths (n =55) in the severe one (Fisher’s
exact test, p <0.001) was found, accounting for an odds ratio of 5.46
(95%CI 3.19-9.57).

Concerning the group of severe COVID-19 patients, according to
conditional tree regression analysis, older age revealed to be a
significant predictor for mortality. Indeed, patients older than 69 years
had a significantly higher proportion of deaths with 55.6% (n =45) in
the older patient group versus 9.8% deaths (1 =10) in the younger one
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(Fisher’s exact test, p <0.001), accounting for an odds ratio of 11.32
(95% CI 4.98-27.98).

The regression tree disclosed the different (p <0.001) behavior
during the first pandemic wave: with an odds ratio of 0.06 (95% CI
0.02-0.17) we observed a significantly (Fisher’s exact test, p <0.001)
different deceased proportion of 17 deaths (31.5%) during the first
pandemic wave versus 8 deaths (2.7%) in the three ones. In particular,
during the first pandemic wave, 7 over 8 patients (87.5%) who
reported dyspnea at admission died (Fisher’s exact test, p <0.001),
versus 10 over 46 eupneic patients (odds ratio 23.4, 95% CI 2.56-
1157.44). Moreover, patients who reported dyspnea had a median
length of stay of 5.5 days, which was significantly shorter from that of
those who not reported that symptom who had a median length of
stay of 26 days (Log Rank test, p <0.001). Conversely, during the other
pandemic waves, CKD appears to play a significant (Fisher’s exact test,
p =0.007) role in predicting mortality: with an odds ratio of 7.84 (95%
CI 1.47-52.17) 5 casualties in the CKD group (9.3%) were recorded
versus the 3 casualties (1.3%) of the not CKD group. Also, in this case
the median length of stay was different (Log Rank test, p =0.02) in the
two groups: 13 days in the CKD group, 9days in the not-CKD group.

For completeness, we performed further regression tree analyses.
We started investigating what occurred when removing the CKD
covariate from the analysis, disclosing that no further predictor
appeared in the ninth node. Moreover, when the analysis was repeated
in a data subset obtained dropping out the first wave patients, the tree
appeared to be simpler, but it again enhanced the significant
(p <0.001) role of the WHO classification; in fact, among the severe
cases, the 69years old age or more discriminated poor outcome
(p <0.001) as well as it was for CKD (p =0.028) among inpatients with
moderate COVID-19 (Figure 3).

3.3 Univariate and age-adjusted bivariate
Cox regression analyses of risk factors for
in-hospital mortality

After exclusion of time-dependent variables, the univariate Cox
analysis showed that age (p <0.001), cancer (p =0.02), CVD other
than hypertension (p <0.001), chronic pulmonary disease (p <0.001),
chronic kidney disease (p <0.001), neurological disease (p =0.006),
presence of dyspnea (p =0.001), and a lower level of arterial oxygen
saturation at hospital admission (p <0.001) were associated with a
higher risk of in-hospital mortality (Table 3). After adjusting for age,
only chronic pulmonary disease (p =0.001), chronic kidney disease
(p =0.03), presence of dyspnea (p <0.001), and a lower level of arterial
oxygen saturation at hospital admission (p <0.001) remained
significantly associated with in-hospital mortality; in addition, also
hypertension was significantly associated with a higher risk of
in-hospital mortality.

4 Discussion

Despite WHO established that SARS-CoV-2 infection is no longer
a public health emergency of international concern (24), it is still an
outstanding problem, therefore clinical management (e.g., home
isolation, outpatient therapies, hospitalization) should be tailored by
considering predictors of outcome that could change over time for
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TABLE 1 Demographic and clinical characteristics and outcome of COVID-19 patients admitted during the four pandemic waves.

Variables Total First wave = Second wave @ Third wave Fourth wave Overall
(h=527)  (n=59) (n=143) (=152  (n=173) PRElE
Male sex (N, %) 299 (56%) 27 (46%) 83 (52%) 84 (55%) 105 (61%) 0.2404
Age (years, mean + SD) 67.8+15.7 7715 66.8+15.4 63.4+14.7 69.7+15.8 <0.001
Length-of-Stay (days, mean +SD) 15.4+10.8 21.8+12 14.6£10.1 14.5+£10.3 14.7+£10.9 <0.001
Cancer (N, %) 78 (14%) 8 (14%) 14 (10%) 7 (5%) 49 (28%) <0.001
Hypertension (N, %) 334 (63%) 38 (64%) 90 (63%) 88 (58%) 118 (68%) 0.2905
CVD* other than hypertension (N, %) 190 (36%) 25 (42%) 39 (27%) 38 (25%) 88 (51%) <0.001
Psychiatric disorders (N, %) 71 (13%) 16 (27%) 14 (10%) 20 (13%) 21 (12%) 0.0732
Neurologic diseases (N, %) 116 (22%) 27 (46%) 25 (17%) 18 (12%) 46 (27%) <0.001
Chronic pulmonary disease (N, %) 86 (16%) 12 (20%) 26 (18%) 14 (9%) 34 (20%) 0.0311
Diabetes mellitus (N, %) 144 (27%) 14 (24%) 37 (26%) 31 (20%) 62 (36%) 0.0162
Chronic kidney disease (N, %) 105 (19%) 21 (36%) 16 (11%) 10 (7%) 58 (34%) <0.001
Obesity (N, %) 172 (32%) 8 (14%) 50 (35%) 50 (33%) 64 (37%) 0.0052
COVID-19 symptoms (N, %) 445 (84%) 51 (86%) 122 (85%) 140 (92%) 132 (72%) 0.0847
Fever (N, %) 287 (54%) 41 (69%) 96 (67%) 91 (60%) 59 (34%) 0.0326
Cough (N, %) 234 (44%) 21 (36%) 66 (46%) 67 (44%) 80 (46%) 0.0426
Dyspnoea (N, %) 231 (43%) 12 (20%) 66 (46%) 79 (52%) 74 (43%) 0.0003
Diarrhoea (N, %) 20 (3%) 0 (0%) 4(3%) 11 (7%) 5 (3%) NA
Asthenia (N, %) 159 (30%) 3 (1%) 56 (39%) 52 (34%) 48 (28%) <0.001
Number of medications before
admission (mean £ SD) 4.5+3.8 54+35 39+34 3.4+35 58+4.2 <0.001
Oxygen therapy (N, %) 378 (71%) 21 (36%) 116 (81%) 137 (90%) 104 (60%) <0.001
Low-flow oxygen (N, %) 195 (37%) 16 (27%) 60 (42%) 77 (51%) 42 (35%) <0.001
High-flow oxygen (N, %) 65 (12%) 3 (5%) 17 (12%) 23 (15%) 22 (13%) <0.001
Non-invasive ventilation (N, %) 71 (13%) 0 (0%) 21 (15%) 21 (14%) 29 (17%) NA
Oro-tracheal intubation (N, %) 47 (9%) 2 (3%) 18 (13%) 16 (11%) 11 (6%) <0.001
Anticoagulant drugs (N, %) 487 (92%) 58 (98%) 141 (99%) 146 (96%) 142 (82%) 0.0023
Enoxaparin (N, %) 446 (84%) 54 (92%) 139 (97%) 141 (93%) 112 (65%) <0.001
Fondaparinux (N, %) 45 (8%) 7 (12%) 13 (9%) 9 (6%) 16 (9%) 0.0023
Antibiotics (N, %) 379 (71%) 55 (93%) 115 (80%) 100 (66%) 109 (63%) <0.001
Azithromycin (N, %) 102 (19%) 49 (83%) 44 (31%) 3 (2%) 6 (3%) <0.001
Ceftriaxone (N, %) 210 (39%) 5(8%) 95 (66%) 79 (52%) 31 (18%) <0.001
Corticosteroid therapy (N, %) 384 (72%) 36 (62%) 121 (85%) 131 (86%) 96 (55%) <0.001
Remdesivir therapy (N, %) 166 (31%) 0 (0%) 65 (45%) 68 (45%) 33 (19%) <0.001
Tocilizumab (N, %) 30 (5%) 5(8%) 8 (6%) 7 (5%) 10 (6%) 0.1912
Remdesivir short course” (N, %) 39 (7%) 0 (0%) 0 (0%) 0 (0%) 39 (23%) NA®
Monoclonal antibodies (N, %) 85 (16%) 0 (0%) 0 (0%) 15 (10%) 70 (40%) NA®
Vaccination (N, %) 133 (25%) 0 (0%) 0 (0%) 9 (6%) 124 (72%) NA®
WHOF scale 4-5 (N, %) 344 (65%) 54 (92%) 87 (61%) 92 (61%) 111 (64%) <0.001
WHO* scale 6-9 (N, %) 183 (34%) 5(8%) 56 (39%) 60 (39%) 62 (36%) <0.001
ICU* stay (N, %) 67 (12%) 2 (3%) 23 (16%) 20 (13%) 22 (13%) <0.001
Death (N, %) 80 (15%) 17 (29%) 22 (15%) 13 (9%) 28 (16%) 0.0038

Overall p-values reported, respectively, refers to Fisher exact test for contingency table or to Kruskal-Wallis rank sum test, according to counts or continuous data for all the four waves (i.e.,
Age and Length-of-Stay) (Catanzaro, Italy, 2020-2022). SD, standard deviation; *CVD, cardiovascular disease; "Remdesivir short course, early treatment with remdesivir; ‘WHO, world health
organization scale of COVID-19 severity; “ICU, intensive care unit; °NA, Not Applicable.
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TABLE 2 Comparison of demographic and clinical characteristics and outcome of COVID-19 patients admitted in the fourth pandemic wave vs. those
admitted during the first three waves.

Variables First-third Fourth OR (wave 4 vs 95% IC p-values
waves wave waves 123)
(n =354) (n =173)
Male sex (N, %) 194 (55%) 105 (61%) 0.79 0.53-1.16 0.19
Age (years, mean = SD) 67.0+15.7 69.7+15.8 - - 0.07
Cancer (N, %) 29 (8%) 49 (28%) 443 2.6-7.6 <0.001
Hypertension (N, %) 216 (61%) 118 (68%) 1.37 0.92-2.06 0.11
CVD? other than hypertension (N, %) 102 (29%) 88 (51%) 2.56 1.72-3.79 <0.001
Chronic pulmonary disease (N, %) 52 (15%) 34 (20%) 1.42 0.85-2.34 0.15
Diabetes mellitus (N, %) 82 (23%) 62 (36%) 1.85 1.22-2.81 0.002
Chronic kidney disease (N, %) 47 (13%) 58 (34%) 3.29 2.07-5.24 <0.001
Obesity (N, %) 108 (31%) 64 (37%) 1.34 0.89-1.99 0.14
COVID-19 symptoms (N, %) 313 (88%) 132 (76%) 0.42 0.25-0.70 0.0003
Fever (N, %) 228 (64%) 59 (34%) 0.29 0.19-0.43 <0.001
Number of medications before admission (mean + SD) 3.9+35 58+4.2 - - <0.001
Oxygen therapy (N, %) 274 (77%) 104 (60%) 0.44 0.29-0.66 <0.001
Low-flow oxygen (N, %) 153 (43%) 42 (35%) 0.42 0.27-0.64 <0.001
High-flow oxygen (N, %) 43 (12%) 22 (13%) 1.05 0.57-1.87 0.85
Non-invasive ventilation (N, %) 42 (12%) 29 (17%) 1.49 0.86-2.56 0.12
Oro-tracheal intubation (N, %) 36 (10%) 11 (6%) 0.59 0.26-1.24 0.14
Anticoagulant drugs (N, %) 345 (97%) 142 (82%) 0.12 0.05-0.27 <0.001
Enoxaparin (N, %) 334 (94%) 112 (65%) 0.11 0.06-0.2 <0.001
Fondaparinux (N, %) 29 (8%) 16 (9%) 1.14 0.56-2.25 0.68
Antibiotics (N, %) 270 (76%) 109 (63%) 0.53 0.35-0.8 0.0015
Azithromycin (N, %) 96 (27%) 6 (3%) 0.1 0.03-0.23 <0.001
Ceftriaxone (N, %) 179 (50%) 31 (18%) 0.21 0.13-0.34 <0.001
Corticosteroid therapy (N, %) 288 (81%) 96 (55%) 0.29 0.19-0.44 <0.001
Remdesivir therapy (N, %) 133 (38%) 33 (19.1%) 0.39 0.25-0.62 <0.001
Tocilizumab (N, %) 20 (6%) 10 (6%) 1.02 0.42-2.36 0.95
Remdesivir short course® (N, %) 1(0,3%) 39 (23%) 102.74 16.9-4171.25 <0.001
Monoclonal antibodies (N, %) 15 (4%) 70 (40%) 15.36 8.23-29.98 <0.001
Vaccination (N, %) 9 (3%) 124 (72%) 97.01 45.01-228.01 <0.001
WHOF* scale 4-5 (N, %) 233 (66%) 111 (64%) 0.93 0.62-1.39 0.71
WHO" scale 6-9 (N, %) 121 (34%) 62 (36%) 1.08 0.72-1.6 0.71
ICU“ stay (N, %) 45 (13%) 22 (13%) 1 0.55-1.77 0.1
Death (N, %) 52 (15%) 28 (16%) 1.12 0.65-1.89 0.65

p-values reported, respectively, refers to Fisher exact test for contingency table or to Kruskal-Wallis rank sum test, according to counts or continuous data. SD, standard deviation; ‘CVD,
cardiovascular disease; "Remdesivir short course, early treatment with remdesivir; "WHO, world health organization scale of COVID-19 severity; “ICU, intensive care unit.

several reasons (4). Many studies investigated predictors of the clinical
outcomes, however classical survival analysis approach does not
properly fulfill the need to recognize primary from secondary risk
factors for the outcome (15), even for a possible presence of a
framework of competitive death risks (25). In this study, we were
interested to study possible predictors or factors associated with the
primary outcome of death across the pandemic waves using a more
appropriate method, both to define priorities based on patient
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characteristics and to suggest more targeted care and use of resources.
To the best of our knowledge, the present analysis is the first conducted
in a relatively large cohort of real-life patients taking into consideration
possible differences among the four waves avoiding possible biases
related to the table-2 fallacy and competitive risks. Indeed, we resorted
the regression tree analysis technique in order to highlight risk factors
associated with survival. It is known that conditional regression tree
analysis offers major advantages over other regression models (26),
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exploratory conditional regression tree: deceased vs. all dataset covariates

severe moderate

<69 >69
>0
/ \ / \
Node 3 (n = 102) Node 4 (n = 81) Node 7 (n = 46) Node 8 (n = 8) Node 10 (n = 236) Node 11 (n = 54)
1 ® 14 14 ° 14 1 8 1 8
0.8 - 0.8 - il 0.8 0.8 - 0.8 0.8 -
06 - 06 | 06 - 06 - 06 - 06 -
0.4 0.4 | N 0.4 0.4 | 0.4 0.4
0.2 - 0.2 : 0.2 0.2 - 0.2 0.2 -
0 o ———— 0 - S 0 o W —— 0 - ° 0 o e— 0 - @ ————

FIGURE 2
Hierarchical scheme for conditional regression tree analysis between mortality and the overall study covariates (Catanzaro, Italy, 2020-2022).
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FIGURE 3
Hierarchical scheme for conditional regression tree analysis between mortality and dataset covariates without CKD (Catanzaro, Italy, 2020-2022).
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TABLE 3 Unadjusted univariate and age-adjusted bivariate Cox analyses for in-hospital mortality in patients admitted during the four pandemic waves
(Catanzaro, Italy, 2020-2022).

Variables Non-survivors  Survivors Unadjusted p-values  Age-adjusted @ p-values
(n = 80) (n = 447) HR (95% IC) HR (95% IC)
Male sex (N, %) 45 (56%) 254 (57%) 1.08 (0.69-1.68) 0.74 0.79 (0.50-1.29) 0.32
Age (years, mean+SD) 78.9+11.9 65.9+15.6 1.06 (1.04-1.08) <0.001 - -
Cancer (N, %) 18 (23%) 60 (13%) 1.82 (1.08-3.08) 0.02 1.41 (0.82-2.40) 0.20
Hypertension (N, %) 53 (66%) 281 (63%) 0.93 (0.59-1.49) 0.77 0.53 (0.33-0.087) 0.01
CVD? other than hypertension (N, %) 45 (56%) 145 (32%) 2.35(1.51-3.66) <0.001 1.51 (0.95-2.40) 0.07
Psychiatric disorders (N, %) 8 (10%) 63 (14%) 0.52 (0.25-1.08) 0.08 0.50 (0.24-1.05) 0.07
Neurologic diseases (N, %) 29 (36%) 87 (19%) 1.89 (1.19-2.98) 0.006 1.13 (0.70-1.84) 0.59
Chronic pulmonary disease (N, %) 28 (35%) 58 (13%) 2.69 (1.70-4.28) <0.001 2.26 (1.42-3.59) 0.001
Diabetes mellitus (N, %) 28 (35%) 116 (26%) 1.46 (0.92-2.31) 0.11 1.32 (0.83-2.09) 0.23
Chronic kidney disease (N, %) 33 (41%) 72 (16%) 2.95 (1.89-4.61) <0.001 1.70 (1.05-2.78) 0.03
Obesity (N, %) 27 (34%) 145 (32%) 0.97 (0.61-1.55) 0.89 1.25(0.78-2.01) 0.34
Symptoms (N, %) 72 (90%) 373 (83%) 1.46 (0.70-3.02) 0.31 1.90 (0.91-3.96) 0.08
Fever (N, %) 42 (53%) 245 (55%) 0.85 (0.55-1.32) 0.47 1.08 (0.69-1.69) 0.71
Cough (N, %) 33 (41%) 201 (45%) 0.88 (0.56-1.37) 0.57 1.07 (0.68-1.68) 0.32
Dyspnea (N, %) 54 (68%) 177 (40%) 2.27 (1.42-3.62) 0.001 2.84 (1.77-4.56) <0.001
Diarrhea (N, %) 4(5%) 16 (4%) 1.32 (0.48-3.63) 0.58 1.76 (0.63-4.85) 0.27
Asthenia (N, %) 19 (24%) 140 (31%) 0.77 (0.46-1.29) 0.31 1.09 (0.64-1.87) 0.72
Oxygen saturation (%, mean + SD) 89.7+9.4 94.6+5.1 0.95 (0.93-0.97) <0.001 0.93 (0.91-0.95) <0.001
Vaccination (N, %) 16 (20%) 117 (26%) 0.80 (0.46-1.38) 0.78 0.72 (0.42-1.26) 025

SD, standard deviation; *CVD, cardiovascular disease.

i.e., to handle multicollinearity (which is typical in larger screening
“pilot” dataset) in explanatory variables by selecting the best splitter at
each node, and its ability to identify “outlier patients” (in our case, the
patients cohort during the first pandemic wave).

Results of the present study confirm that patients admitted
during the first wave had a very poor prognosis. Indeed, the lack of
knowledge on management of COVID-19 and the unpreparedness
of health system could have played a pivotal negative role in that
period, especially due to the unavailability of both vaccines and
effective therapies against SARS-CoV-2 (7). Mortality rate in each
of the four waves was relatively high; however, it decreased
considerably from the first (29%) to the third wave (9%), in line
with previous studies (2, 4, 10-13, 27), but an increase in-hospital
mortality rate was found in the fourth wave (16%). To the best of
our knowledge this finding was not previously reported in other
studies, and it could be explained by the presence of more severe
underlying comorbidities in such patients (28, 29), suggesting that
these patients could benefit from a multidisciplinary approach that
involves several specialists.

Furthermore, we found that patients admitted during the first
three waves were mainly treated for COVID-19 pneumonia, in
particular with remdesivir (five days course), corticosteroids and
enoxaparin, compared to patients admitted during the fourth wave.
By contrast, a significantly higher proportion of these latter patients
were treated with early COVID-19 therapies (e.g., short course of
remdesivir and/or monoclonal antibodies against SARS-CoV-2)
compared to patients admitted during the first three waves, thus
confirming that, in our experience, during the fourth wave COVID-19
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complications (e.g., acute respiratory failure and/or pneumoniae) were
not the main reason for patient admission. These findings suggest that
the effectiveness of vaccination (30), early antiviral therapies against
SARS-CoV-2 (31, 32) and probably the lower pathogenicity of the
viral variants (33, 34) changed the clinical needs of patients admitted
due to COVID-19 over time and this should be taken into account in
relation to the commitment and management of resources.

To avoid misleading interpretation of secondary risk factors,
we decided to use regression tree analysis to explore the most
important predictors or factors associated with all-cause death. Not
unexpectedly, severity of the diseases appeared to be a key factor. In
fact, while inpatients affected by severe COVID-19 had a significantly
greater risk of death regardless waves of the pandemic, with increasing
risk of death depending only on age, those with moderate COVID-19
according to WHO clinical progression scale, showed a different
behavior as far as the risk of death was concerned depending on the
pandemic waves. Therefore, not only geographical differences
reflecting heterogenicity in demographic and clinical characteristics
of patients (5), but also the pandemic waves are an important factor
which may have an impact on patient prognosis. For these reasons,
prognostic scores (including clinical variables, radiological features
and biomarkers) that were elaborated in the previous waves (35-40)
may change their accuracy across different pandemic waves and
should be re-evaluated in the current epidemiological scenario.

Indeed, among patients with moderate COVID-19 admitted
during the first wave, dyspnea was the main variable associated with
in-hospital mortality. In such cases dyspnea could be considered as a
prodromic condition for clinical progression or a proxy of severe
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COVID-19 that was misclassified as moderate since more intensive
ventilatory support (e.g., high-flow oxygen or non-invasive
ventilation)—which defines the severity of the disease according to
WHO classification (19)—was avoided, not because it was
unnecessary, but due to its unavailability in our hospital during the
first wave of the pandemic.

Regarding patients with moderate COVID-19 admitted during
the subsequent three waves, CKD appeared to be the discriminant
factor. In fact, during the last three waves, most inpatients with
moderate COVID-19 who died were also affected by CKD. It has been
already highlighted that CKD can increase COVID-19 related
mortality when compared to non-CKD patients (41), especially before
vaccination (42). Besides the fact that patients with CKD may be older,
more frequently affected by other comorbidities leading to this
complication, and more subjected to drug adverse events, one of the
reasons why CKD may be associated with COVID-19 mortality is that
SARS-CoV-2 antivirals [except molnupiravir whose marketing
authorization was recently refused by European Medical Agency
(EMA) (43)] were contra-indicated for patients with an eGFR below
30mL/min, while they could have improved patient prognosis for a
positive effect on COVID-19. Only in July 2023, Food and Drug
Administration and EMA approved the use of remdesivir in patients
with renal impairment, including patients on dialysis, relying on the
REDPINE trial (44), even though there is still a lack of data on safety
in patients with severe CKD or end-stage renal disease. We also found
that patients who experienced dyspnea had a significantly shorter
median length of stay compared to those who did not report that
symptom; conversely, median length of stay was significantly longer
in the CKD group compared to the not-CKD group. However, these
differences in length of stay could be misleading, because the analyses
included also patients who died; therefore, patients suffering from
dyspnea (which was a main risk factor for mortality during the first
wave), could have had a significantly shorter length of stay because
they died earlier. Nonetheless, in terms of burden on the healthcare
system, the impact of COVID-19 could still be significant.

Lastly, although we are aware of the limitations affecting Cox
regression—such that only univariate and bivariate models were
performed—the results of these analyses, after adjusting for age,
showed that several comorbidities, such as hypertension (p =0.01),
chronic pulmonary disease (p =0.001), CKD (p =0.03), and presence
of dyspnea (p <0.001), and lower peripheral oxygen saturation
(p <0.001) were correlated with an increased risk of death, confirming
results of previous works (26, 27, 30, 31) and providing further
support to the validity of our cohort.

In summary, the study included 527 patients with COVID-19, of
whom 80 died in the hospital. The mortality rate was significantly
higher in the first wave of the pandemic compared to the other three
waves. Patients admitted during the fourth wave were more likely to
have underlying comorbidities, such as cancer, cardiovascular
diseases, diabetes, and chronic kidney disease. Univariate and
age-adjusted bivariate Cox regression analyses confirmed that chronic
pulmonary disease, chronic kidney disease, dyspnea at admission, and
lower arterial oxygen saturation at hospital admission were
independently associated with an increased risk of in-hospital
mortality. Importantly, conditional regression tree analysis brought to
light that the following risk factors emerged as the possible main
determinants for in-hospital mortality: (i) WHO classification of

Frontiers in Public Health

10.3389/fpubh.2023.1280835

COVID-19 severity (moderate vs. severe); (ii) age (older than
69years); (iii) first pandemic wave; (iv) dyspnea at admission (during
the first wave); (v) chronic kidney disease (during the waves after the
first one). It has to be recognized, however, that the conditional
regression tree analysis method used in the study, besides the
advantage of having a tree structure easy to visualize, suffers from
some potential disadvantages: first, the nested risk factors for mortality
could be challenging to interpret; second, the method is sensitive to
the clinicians choice of covariates, and may be affected by instability
because small changes in the data can lead to possibly large changes
in the tree structure and the results; lastly, the study was conducted in
a single center, which limits the generalizability of the results.

This study has some limitations that should be discussed. First,
this is the first real-life analysis conducted in a relatively large cohort
of patients comparing the first four waves of COVID-19 pandemic
in Southern Italy and only few data about clinical differences and
outcomes among these waves in the Italian population are available.
However, the cohort analyzed may lack of representativeness for
important factors, such as socio-economic status, education in
prevention, time of access to therapy and hospital care or types of
clinical management applied. Therefore, the generalizability of our
results throughout Italy is limited because there was heterogenicity
among the italian regions (1, 5) in terms of demographic
characteristics, population density, infection rate, organization of the
health-care system and availability of assistance, which in turn may
have a significant impact of the study outcomes. Multicentric studies
are needed to understand if our results are confirmed in different
settings across Italy. Second, despite the fact that there was a lack of
data about SARS-CoV-2 variants of concern (VoCs) and subvariants
in individual patients, the general picture and evolution are well
known in our region since an epidemiological survey coordinated
by our center demonstrated that in August 2021, Delta was the only
circulating variant, while as of January 2022, Omicron subvariants
emerged and took over Delta (45, 46). Therefore, SARS-CoV-2
variants and subvariants do not appear to be a reasonable explanation
for the increase of the inpatients mortality during the fourth wave,
because Omicron variants/subvariants prevailed in this period,
being already associated with reduced virulence, particularly in
patients who received full vaccination course (47). Third, following
the instructions of our Hospital Directorate, during the first and the
second pandemic waves all patients with confirmed SARS-CoV-2
infection were admitted to our ward, while during the third and the
fourth pandemic waves only patients with COVID-19 as main
problem or patients with SARS-CoV-2 infection suffering from
other infectious diseases were admitted to our ward. Therefore, this
could influence the interpretation of the comparison between
patients admitted during the different waves. Indeed, the net effect
on inpatient mortality could be a result of the severity of COVID-19
combined with patients age, number and severity of comorbidities,
and the protective immunity against SARS-CoV-2 which is
correlated to the number of doses of vaccine received, waning over
time since the last dose. It is impossible to weight the effect of each
single component for this network of factors, however our objective
was rather descriptive than explanatory since we were interested in
getting insights on the main problems faced by both patients and
clinicians throughout the different COVID-19 pandemic waves,
posing a clear rationale to use a descriptive analysis and regression
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tree methodology. Given the complexity of epidemiological and
clinical pictures of COVID-19 pandemic, which also has implied an
important impact on economic and social growth (48), knowledge
deriving from such an approach could lead to optimization of
patient management and organization of the health system.

5 Conclusion

This study highlights significant differences in patient
characteristics and outcomes across the four COVID-19 waves in
our teaching hospital. Using the regression tree analysis, we found
that COVID-19 severity (defined by WHO severity scale) was the
main predictor of outcome, regardless of the pandemic wave: older
patients with severe COVID-19 were always at high risk of death.
In patients with moderate COVID-19, our analysis showed that
those admitted during the last three pandemic waves and suffering
from CKD had the worst outcome. On the other hand, dyspnoea
was shown to be the main predictor of mortality in moderate
COVID-19 patients admitted during the first wave. Overall, our
results suggest that knowledge of the changing characteristics of
COVID-19 patients might be helpful to better understand how the
provision of the disease will be in the future and what clinical/
health needs should be approached for the management of this
disease. In particular, despite the fact that patients admitted in the
fourth wave were mostly vaccinated and more often suffered from
a moderate/mild COVID-19 diseases, they had severe underlying
comorbidities and displayed a rate of in-hospital mortality which
was significantly higher compared to patients admitted during the
previous waves, and similar to the first wave. This suggest that
COVID-19, even though it is less severe, continues to be a
challenging problem both for patients and clinicians, requiring
attention both for monitoring and care, especially in fragile
patients with multiple comorbidities, being CKD a possible strong
marker of this fragility. Taking account of the pivotal role of CKD
that emerged from our analysis, more studies are needed for a
better of COVID-19 in with
CKD. Conclusively, it is essential to proceed to collect more

management patients
epidemiological and clinical data on COVID-19, in order to
comprehend its evolution and update the clinical guidelines to
respond to this evolving disease based on the emerging priorities.
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