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Abstract: Patients with COVID-19 can develop different forms of the illness with more or less severe

symptoms. A 2-year retrospective cohort study was conducted to evaluate the factors associated with

the development of pneumonia in patients hospitalized with COVID-19 from March 2020 to February

2022. A total of 385 patients (59.0% males) with a mean age of 69.0 ± 16.0 years were included. At

hospital admission, 318 patients (82.6%) reported one or more comorbidities, namely 201 (52.2%)

subjects were affected by hypertension, 98 (25.5%) type 2 diabetes, 84 (21.8%) obesity, 36 (9.4%) cancer,

and 14 (3.6%) suffered from kidney disease and were being treated with dialysis, and 76 (19.7%)

resulted in being vaccinated with a higher prevalence of BNT162b2 vaccine (15.0%). Pneumonia

was diagnosed in 276 (71.7%) patients. Multivariate regression analysis showed that pneumonia

in COVID-19 patients was positively associated with type 2 diabetes (OR 1.81; 95% CI 1.00–3.27),

obesity (OR 2.52; 95% CI 1.27–4.98), and negatively with hypertension (OR 0.58; 95% CI 0.35–0.96).

Vaccination against SARS-CoV-2 resulted in a strongly protective factor against the development of

pneumonia in COVID-19 patients (OR 0.49; 95% CI 0.28–0.85).

Keywords: COVID-19; pneumonia; vaccination; comorbidities; SARS-CoV-2

1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious illness caused by a very con-
tagious virus, the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), that
primarily affects respiratory epithelial cells and can cause severe lung damage [1,2].

Angiotensin-converting enzyme 2 (ACE2) has been identified as a cellular receptor
capable of mediating the binding of the virus through the spike protein and allowing it
to enter the cell. The rapid replication of SARS-CoV-2 in the lungs, whose cells express
high levels of ACE2, can trigger an intense immune-inflammatory response, leading to the
development of acute respiratory distress syndrome (ARDS) in some cases, characterized
by respiratory distress associated with hypoxemia and the presence of bilateral infiltrates
on chest imaging, currently considered the leading cause of death in patients with COVID-
19 [2,3].

Numerous articles have attempted to summarize and delineate symptoms according
to the severity of the SARS-CoV-2 disease [4–6]. Most COVID-19 patients present a self-
limiting viral infection with cough, sore throat, headache, myalgia, fever, and other cold or
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flu symptoms. Therefore, most cases of COVID-19 are mild or moderate and do not require
hospitalization. However, in some patients, these symptoms progress to a lower respiratory
tract infection. Among patients requiring hospitalization, the most common diagnosis is
pneumonia, characterized by “ground glass” pulmonary infiltrates [7], which in the most
severe forms can compromise breathing and gaseous exchange up to determining acute
respiratory syndrome (3%) requiring external support (oxygen or ventilation) [8].

Since 11 March 2020, when the World Health Organization (WHO) declared COVID-19
as a pandemic [9], the virus hit the world in successive waves, also due to the emergence
of new variants often showing different transmissibility and severity, as well as greater
antibody escape than prior variants [10]. In particular, from the end of 2020 onwards, the
Alpha variant spread to a large part of the world. In 2021, it was rapidly replaced by the
even more lethal Delta variant, and from December 2021 onwards, by the more contagious
Omicron variant, which was then followed by the Omicron 2 and Xe sub-variants [11].

Following the identification of the SARS-CoV-2 virus and its genome, the scientific
community has contributed in a very short space of time to the development of hundreds
of vaccine projects [12]. A few of these new vaccines were approved due to the state of the
emergency and were administered to healthcare workers by the end of 2020 in order to
gain immunity against the virus [13,14].

The prevalence of infections, hospitalizations, and deaths from COVID-19 varied
with the evolution of the pandemic, among and within countries and regions worldwide,
depending on the variants’ transmissibility and virulence as well as the adopted level
of restrictions [15]. This prompted questions about risk and protective factors for the
development of different severity levels of the disease.

Based on current evidence, the considerable variability in disease susceptibility and
progression was related to demographic factors, such as age, gender, and ethnicity to genetic
characteristics, as well as to the presence of underlying diseases, such as cardiovascular
diseases, hypertension, and chronic obstructive pulmonary disease (COPD) [16–23]. As
with most diseases, subjects with comorbidities tend to be more exposed to contracting the
virus but, above all, to suffer a more severe course of the disease [21].

In addition to these variables, the main risk factors for COVID-19 severity and mor-
tality also include laboratory indices, pro-inflammatory cytokine levels, and complica-
tions [24]. Numerous markers of inflammation have been associated with the clinical
severity of COVID-19; higher values of IL-6, CRP, and D-dimer have been found in severe
and critical forms of COVID-19 [25]. Moreover, the partial pressure of oxygen/fraction of
inspired oxygen (PaO2/FiO2) ≤ 200 mmHg, such as stated by the consensus committee,
distinguishes ARDS from the more inclusive acute lung injury [26].

In contrast, healthy eating habits, COVID-19 vaccine, and atopic conditions are con-
sidered protective against the disease and may avoid progression and poor clinical out-
come [27–29].

Retrospective analysis of COVID-19 patient data may allow for a better understanding
of the pathogenesis and the factors influencing the course of the disease as well as the
development of pneumonia. Our study aimed to evaluate the factors associated with
pneumonia in a cohort of patients hospitalized with COVID-19 and the role of vaccination
in the prevention of severe forms of the disease.

2. Materials and Methods

2.1. Study Design

A retrospective observational cohort study was conducted to evaluate the factors
associated with the severe form of COVID-19. The study cohort was made up of patients
hospitalized between 1 March 2020 and 28 February 2022 for COVID-19 at the “Vito Fazzi”
Hospital in Lecce (Italy), the largest one in the province of Lecce (776,230 inhabitants) [30]
and a reference center for the hospitalization of subjects affected by SARS-CoV-2 during
the pandemic. In particular, all patients who in the reference period had made their
first access to the infectious diseases operating unit (IDOU) of the “Vito Fazzi” Hospital
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were considered eligible (n = 390). The sample size was determined by the number of all
consecutive patients accessed to the IDOU. Then, a posterior assessment of this sample
size for the development of a multivariable logistic model was provided based on the
events-per-variable (EPV) ratio criterion. An EPV ratio greater than 10 was considered
adequate [31].

COVID-19 diagnosis was confirmed through real-time reverse transcription poly-
merase chain reaction (qRT-PCR) assays in nose and oropharyngeal swabs using Cobas
SARS-CoV-2 qualitative assay (Roche Molecular System, Inc., Pleasanton, CA, USA) on
Cobas 6800 System. At the time of hospital admission, the demographic characteristics
of the patients, as well as information relating to their clinical conditions, including pneu-
monia and any comorbidities, as well as SARS-CoV-2 vaccination, including the type of
vaccine received, were recorded. Both vaccinated and unvaccinated patients were included
in the study. Patients with a complete vaccination schedule were considered vaccinated
according to the following criteria: for BNT162b2, mRNA-1273 and ChAdOx-1S vaccines,
two doses and a minimum period of 14 days after the second dose; for Ad.26.COV.3 vac-
cine, a single dose and a minimum period of 14 days before infection. Patients with an
incomplete vaccination schedule (n = 5) were excluded from the study.

Evidence of pneumonia at admission was detected through clinical signs and con-
firmed by chest radiography or High-Resolution Computed Tomography (HRCT) scan.
HRCT imaging findings were classified by radiologists as ground-glass opacities (GGO),
pulmonary considerations, or a mixed pattern. Based on the diagnosis of pneumonia, the
subjects included in the cohort were divided into two groups: patients without pneumonia
(n = 171) and patients with pneumonia (n = 276) (Figure 1).

Figure 1. Study cohort composition (IDOU, infectious diseases operating unit).

Obesity identified by BMI ≥ 30, type 2 diabetes, hypertension under pharmacological 
treatment, nephropathy requiring dialysis, and cancer were considered comorbidities at 
admission.

Figure 1. Study cohort composition (IDOU, infectious diseases operating unit).

Obesity identified by BMI ≥ 30, type 2 diabetes, hypertension under pharmacological
treatment, nephropathy requiring dialysis, and cancer were considered comorbidities
at admission.

In addition, laboratory data, length of hospital stay (LoS), admission to intensive care
unit (ICU), and outcome of COVID-19 were collected from the patients’ medical records.
For each patient, data on C-reactive protein (CRP), interleuchin-6 (IL-6), D-dimer, and
glomerular filter rate (GFR) were reported. All the analyses were performed at the Central
Laboratory of the Hospital using commercial kits.
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2.2. Statistical Analysis

All data relating to individual and clinical variables were entered into a Microsoft Excel
database and statistically processed using the MedCalc Software, version 14.8.1 (MedCalc
Sofware Ltd., Ostend, Belgium).

The characteristics of each group of patients were summarized by means of a descrip-
tive statistic. The categorical variables were expressed as absolute (n) and relative (%)
frequency, while the comparison between groups was performed using the chi-square test.
For the quantitative variables, the D’Agostino–Pearson test was first conducted to assess
the distribution of values. All the continuous variables did not have a normal distribution
of values; therefore, they were expressed as median and interquartile range (IQR), while
the comparison between groups was carried out using the Mann–Whitney test. In all cases,
differences were considered significant at p < 0.05.

A multivariate logistic regression analysis was performed in order to determine
whether individual or clinical factors (n = 8), including age ≥ 50 years, male gender,
vaccination against SARS-CoV2, obesity, diabetes, nephropathy (on dialysis), hypertension,
and cancer (independent variables), were associated with pneumonia (dependent variable).
Based on the number of patients included in each group, the actual EPV ratio was 13.6,
indicating an adequate sample size. A p-value < 0.05 was set to detect the independent
variables associated significantly with dependent variables. An odds ratio (OR) and 95%
confidence interval (CI) were calculated and showed by a forest plot. Finally, the goodness-
of-fit of logistic models was assessed using the Hosmer–Lesmeshow test with 10 subgroups
based on risk deciles. Moreover, the area under the ROC curve (AUC) with 95% CI was
reported to describe the predictive accuracy of the logistic model.

2.3. Ethical Aspects

The study was conducted according to the Declaration of Helsinki. Ethical approval
was obtained by the Ethics Committee of the Health Local Unit of Lecce (Report n.57 of 22
January 2021).

3. Results

The study cohort included a total of 385 patients. Table 1 shows the individual and
clinical features of the study group. The subjects had a mean age of 69.0 ± 16.0 years (range
18–99 years) and 59.0% of them were males. Vaccination was previously received by 76
(19.7%) patients with a higher prevalence of BNT162b2 vaccine (15.0%).

Table 1. General characteristics of the subjects included in the study.

Characteristics
Patients
n = 385

Gender (male), n (%) 227 (59.0)
Age (years), mean (SD) 69.0 (16.0)

COVID-19 vaccination, n (%) 76 (19.7)
BNT162b2, n (%) 58 (15.0)

mRNA-1273, n (%) 10 (2.6)
Ad.26.COV.3, n (%) 5 (1.3)
ChAdOx-1S, n (%) 3 (0.8)

Comorbidity at admission, n (%) 318 (82.6)
Hypertension, n (%) 201 (52.2)

Type 2 diabetes, n (%) 98 (25.5)
Obesity, n (%) 84 (21.8)
Cancer, n (%) 36 (9.4)

Nephropathy (on dialysis), n (%) 14 (3.6)
Pneumonia, n (%) 276 (71.7)

ICU, n (%) 92 (23.9)
Deaths, n (%) 81 (21.0)

LoS, mean (SD) 18.4 (11.8)

SD, standard deviation; LoS, length of hospital stay; ICU, intensive care unit.
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At hospital admission, 318 patients (82.6%) reported one or more comorbidity, namely
201 (52.2%) subjects were affected by hypertension, 98 (25.5%) type 2 diabetes, 84 (21.8%)
obesity, 36 (9.4%) cancer, and 14 (3.6%) suffered from kidney disease and were being treated
with dialysis.

Pneumonia was identified in 276 (71.7%) patients. Among the admitted patients, 92
(23.9%) were subsequently transferred to the ICU and 81 (21.0%) died. Overall, the mean
LoS was 18.4 ± 11.8 days.

Table 2 shows the individual and clinical characteristics of patients without and with
pneumonia. The variables were grouped as possible factors influencing the disease and pos-
sible effects of the disease. Some variables resulted in being significantly different (p < 0.05)
between groups. Among the possible factors influencing the disease, the percentage of
vaccinated patients (28.4%) was higher in the un-pneumonia group, while the prevalence
of obesity (25.7%) and nephropathy on dialysis (7.9%) was higher in the pneumonia group.
Among the possible effects of the disease, the PO2/FiO2 resulted in being lower (median:
275 mmHg; IQR: 199–343 mmHg) in the pneumonia group while IL-6 (median: 25.6 pg/mL;
IQR: 8.1–78.3 pg/mL), CRP (median: 53.3 mg/dL; IQR: 23.7–103.4 mg/dL), admission to
ICU (31.5%), and death (25.7%) were higher in the pneumonia group.

Table 2. Individual and clinical characteristics of patients without or with pneumonia.

Variables Un-Pneumonia n = 109
Pneumonia

n = 276
p-Value

Possible factors influencing the disease
Age ≥ 50 years, n (%) 95 (87.2) 247 (87.2) 0.634 *
Gender (male), n (%) 61 (56.0) 166 (60.1) 0.525 *

COVID-19 vaccination, n (%) 31 (28.4) 45 (16.3) 0.011 *
No. of comorbidities

None, n (%) 19 (17.4) 48 (17.4)
1, n (%) 25 (22.9) 66 (23.9)
2, n (%) 32 (29.4) 72 (26.1)
≥3, n (%) 33 (30.3) 90 (32.6) 0.907 *

Comorbidities
Hypertension, n (%) 62 (56.9) 139 (50.4) 0.053 *

Type 2 diabetes, n (%) 20 (18.3) 78 (28.3) 0.059 *
Obesity, n (%) 13 (11.9) 71 (25.7) 0.005 *
Cancer, n (%) 13 (11.9) 23 (8.3) 0.370 *

Nephropathy (on dialysis), n (%) 2 (1.8) 12 (4.4) 0.045 *
Possible effects of the disease

PO2/FiO2 (mmHg), median [IQR] 361 [300–430] 275 [199–343] <0.001 **
IL-6 (pg/mL), median [IQR] 14.5 [5.4–32.5] 25.6 [8.1–78.3] <0.001 **

D-Dimer (µg/mL), median [IQR] 1032 [556–2959] 1099 [622–2783] 0.739 **
CRP (mg/dL), median [IQR] 27.1 [6.6–56.3] 53.3 [23.7–103.4] <0.001 **

GFR (mL/min), median [IQR] 72.0 [52.0–85.0] 70.0 [47.5–87.0] 0.864 **
ICU, n (%) 5 (4.6) 87 (31.5) 0.001 *

Death, n (%) 10 (9.2) 71 (25.7) 0.001 *
LoS, median [IQR] 15 [10–21] 16 [11–23] 0.515 **

LoS, length of hospital stay; ICU, intensive care unit; PO2, partial pressure of oxygen; FiO2, fraction of inspired
oxygen; IL-6, interleukin 6; CRP, C-reactive protein; GFR, glomerular filtration rate; * Chi-square test; ** Mann–
Whitney test.

Regarding the clinical characteristics of patients as a function of vaccination status
(Table 3), the prevalence of pneumonia resulted in being significantly higher (74.8%) among
unvaccinated subjects, while the value of IL-6 (median: 34.5 pg/mL; IQR: 14.7–79.2 pg/mL)
was found to be higher in the vaccinated patient group.
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Table 3. Clinical characteristics of unvaccinated and vaccinated patients.

Variables
Unvaccinated

n = 309
Vaccinated

n = 76
p-Value

Pneumonia, n (%) 231 (74.8) 45 (59.2) 0.011 *
PO2/FiO2 (mmHg), median [IQR] 300 [220–364] 312 [251–405] 0.108 **

IL-6 (pg/mL), median [IQR] 18.4 [6.8–57.8] 34.5 [14.7–79.2] 0.006 **
D-Dimer (µg/mL), median [IQR] 1000 [548–2936] 1362 [853–2489] 0.057 **

CRP (mg/dL), median [IQR] 46.6 [15.9–91.1] 43.3 [18.4–114.6] 0.471 **
GFR (mL/min), median [IQR] 70.0 [48.0–86.0] 75.0 [50.0–86.0] 0.743 **

ICU, n (%) 76 (24.6) 16 (21.1) 0.618 *
Death, n (%) 62 (20.1) 19 (25.0) 0.430 *

LoS, median [IQR] 15 [11–22] 17 [10.5–25.5] 0.341 **

SD, standard deviation; LoS, length of hospital stay; ICU, intensive care unit; PO2, partial pressure of oxygen;
FiO2, fraction of inspired oxygen; IL-6, interleukin 6; CRP, C-reactive protein; GFR, glomerular filtration rate;
* Chi-square test; ** Mann–Whitney test.

Multivariate regression analysis showed that pneumonia in COVID-19 patients was
positively associated with obesity (OR 2.52; 95% CI 1.27–4.98) and type 2 diabetes (OR
1.81; 95% CI 1.00–3.27), and negatively with hypertension (OR 0.58; 95% CI 0.35–0.96).
Vaccination against SARS-CoV-2 appears to be protective against pneumonia in COVID-19
patients (OR 0.49; 95% CI 0.28–0.85) (Figure 2). The Hosmer and Lemeshow test confirmed
the goodness of fit of the logistic model with a p-value of 0.088. Moreover, AUC was 0.655
and the 95% CI was 0.606–0.703.

Figure 2. Multivariate logistic regression between pneumonia (dependent variable) and individ-

ual/clinical characteristics (independent variables) of subjects included in the study.

4. Discussion

The pandemic caused by SARS-CoV-2 has imposed a great challenge in epidemiologi-
cal, diagnostic, therapeutic, and preventive research.

After three years, following the decrease in deaths and hospitalizations related to
COVID-19 in the ICU as well as the high levels of immunity of the population achieved,
the Emergency Committee on the COVID-19 pandemic declared that the pandemic is no
longer a public health emergency of international concern and can be managed in the long
term [32].

Despite the epidemiological evidence, many uncertainties remain about the future
course of SARS-CoV-2 infection. Therefore, it is necessary to investigate some pathogenetic
aspects through analysis of available clinical data to prevent the serious consequences of the
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disease in the event of further circulation of the virus. Conducting epidemiological studies
to understand the factors associated with the development of a severe form of the disease
will afford a better management of the disease on the basis of individual characteristics.

Our study allowed us to verify that some individual or clinical characteristics appear
different on the basis of the diagnosis of pneumonia in a cohort of 385 patients aged 18 to
99 years hospitalized with COVID-19 during the pandemic.

In the whole cohort, 276 patients (71.7%) had received a diagnosis of pneumonia. The
significantly different risk factors among the groups of patients without and with pneumo-
nia were vaccination as well as some comorbidities, such as obesity and nephropathy on
dialysis. Among the possible effects of the disease, the levels of PO2/FiO2 resulted in being
significantly lower in the pneumonia group, while IL-6, CRP, rate of admission to ICU, and
death were higher among the patients with pneumonia.

The higher levels of IL-6 and CRP observed in patients with pneumonia compared
with the other group may be associated with the release of inflammatory mediators from
type 2 pneumocytes as the virus enters cells via the ACE2 receptor and undergoes replica-
tion [33]. Pro-inflammatory cytokines release appears to contribute to SARS-CoV-2 lung
inflammation and extensive lung injury [34]. Our data confirm a reduction in the respiratory
index PO2/FiO2 and a concomitant increase in IL-6 and CRP levels, a peculiar consequence
of the cytokine storm, which are significative indicators for severe COVID-19 [35].

Finally, the higher prevalence of admission to ICU and a fatal outcome among patients
with pneumonia was in accordance with previously reported data [36,37].

Multivariate logistic regression analysis revealed that pneumonia in COVID-19 pa-
tients was positively associated with obesity and type 2 diabetes, and negatively with
hypertension. Vaccination against SARS-CoV-2 resulted in being protective against the
development of pneumonia in COVID-19 patients.

In the literature, obesity and type 2 diabetes are among the most common comor-
bidities in patients hospitalized with COVID-19 [38]. Patients with obesity and type 2
diabetes are physiologically fragile individuals exposed to an increased risk of recurrent
infections, which can degenerate into sepsis and death [39]. Both pathologies produce a
state of chronic low-grade inflammation that could facilitate the typical cytokine storm of
COVID-19, contributing to amplifying its effects [40].

Obesity, here defined as BMI ≥ 30 kg/m2 according to the WHO’s recommenda-
tions [41], was more prevalent in the pneumonia group. As recently reported, as well as
being a risk factor for several chronic and degenerative diseases, obesity increases the sus-
ceptibility to respiratory infections and has severe physiological and mechanical effects on
the airways, resulting in decreased lung volume, altered ventilation patterns, and impaired
overall respiratory system compliance. The overall impact of obesity on lung function
is multifactorial and increases the likelihood that the obese will experience respiratory
symptoms and progress to respiratory failure [42]. Furthermore, obese individuals can
have chronic hormonal dysfunctions that contribute to the dysregulation of the immune re-
sponse, increasing the concentration of several pro-inflammatory cytokines and leading to
innate immunity deficiency. In particular, patients with obesity show the overexpression of
ACE2 and other SARS-CoV-2 receptors, which results in increased viral shedding, immune
inactivation, and cytokine storm [43,44]. As found in a recent study which analyzed several
meta-analyses, individuals with obesity infected by SARS-CoV-2 were more likely to fall ill,
to develop a more serious disease so as to require hospitalization even in intensive care,
and to experience lethal endpoints [45].

Moreover, previous studies highlighted a more severe course of COVID-19 also in
patients with type 2 diabetes mellitus [46,47]. Diabetes and hyperglycemia are considered
independent predictors of adverse outcomes for COVID-19 [48]. Non-specific and fast-
acting innate immune defenses are impaired in diabetic patients [40]. Furthermore, several
studies have demonstrated that these types of patients suffer an associated pulmonary
dysfunction, with physiological and structural abnormalities in the lung tissues [49]. Con-
trary to what occurs in obesity, a reduced expression of ACE2 in these patients, probably
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due to glycosylation, was demonstrated. Since ACE2 has been shown to play protective,
anti-inflammatory, and antioxidant roles for lung membranes, its under expression may
lead to severe lung injury and ARDS in patients with type 2 diabetes mellitus affected by
COVID-19 [50]. Although it is counted among the main risk factors, the results of studies to
date are somewhat mixed. Some comparative studies showed no direct correlation between
diabetes and mortality for COVID-19, but rather with the variety of disorders that diabetes
causes in the organism [50–52].

Our data show that vaccination against SARS-CoV-2 is negatively associated with
pneumonia, resulting in being strongly protective against the development of severe forms
of COVID-19. Different types of vaccines have been developed to prevent SARS-CoV-2
infection and subsequent COVID-19 disease [12]. Numerous studies found, as a result of
vaccine administration, a lower incidence of hospitalization for COVID-19 pneumonia,
fewer hospitalized patients with respiratory distress and requiring supplemental oxygen, as
well as reduced need for ICU admission [53–55]. In particular, a recent comparative analysis
of clinical outcomes conducted in Spain on 232 adult patients hospitalized with COVID-19
showed that a complete vaccination schedule of either mRNA or adenovirus vaccines
protected patients from progression to severe disease or death compared to unvaccinated
patients [56].

The use of the vaccine in record time has prompted the scientific community to evalu-
ate the effectiveness of mass COVID-19 vaccination in different populations and subgroups
to specify the impact of vaccines in real situations in terms of incidence of infection, mor-
tality, and hospitalization [57]. A recent meta-analysis indicated that vaccination had a
positive effect in terms of reducing all three of these effects of the virus [58].

Considering both the various vaccines available and the different variants of the virus,
several authors have underlined the efficacy of complete vaccination against COVID-19 in
reducing the hospitalization rate, validating the need for additional booster doses [59,60].

A metanalysis including 7 studies with a total of 1,366,700 participants (689,967 vacci-
nated and 676,733 non-vaccinated) reported that all types of vaccines effectively prevent
the risk of severe illness after diagnosis and concluded that improving vaccine protection
could reduce COVID-19-related deaths worldwide [61].

Vaccination against SARS-CoV-2 remains the primary means of limiting the spread of
the virus and its effects. However, in addition to periodic booster doses in response to new
variants of the virus, antiviral therapy is considered a valid therapeutic solution for frail
subjects [62].

Recent studies have evaluated the safety profile and efficacy of antiviral drugs, high-
lighting that especially in groups at the highest risk of severe outcomes—such as the elderly
and those with multiple underlying health conditions—these therapies significantly reduce
hospitalization and the rate of mortality [62,63].

Our results revealed hypertension as a factor negatively associated with severe forms
of the disease. This result is not surprising since all hypertensive patients in the present
cohort were receiving therapy with angiotensin-converting enzyme inhibitors. A recent
study on the use of ACE inhibitors for hypertensive patients with COVID-19 infection
showed the protective effects of these drugs on the severity of the disease in terms of
mortality, highlighting that in this group of patients, there was less disease severity and a
reduced risk of admission to intensive care [64].

Our study had some limitations. First, this was a single-center study for which
the results could only be extended to the reference population (the province of Lecce).
In addition, due to the retrospective nature of the survey, some variables related to the
patients, such as behavioral factors, other comorbidities, or further outcomes, were not
available. Nor did we assess some potential confounding factors, such as previous SARS-
CoV-2 infection or time between the data of vaccination and the onset of disease. Moreover,
it would have been interesting to consider the effects of the restrictive measures, the risk
management, and the communication plans implemented by the government during the
pandemic [15–65].
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Despite the limitations, our analysis has some strengths. Inclusion in the study cohort
took place according to the principle of random sampling since it included all subjects who,
during the study period, had been hospitalized in the infectious diseases operating unit of
the reference center for COVID-19 in the province of Lecce. This aspect, together with the
suitable sample size, allowed us to carry out an accurate analysis of the data and obtain
significant results referring to the population living in the province of Lecce.

5. Conclusions

In the light of our findings, the presence of some comorbidities, such as obesity and
type 2 diabetes, are correlated with a higher risk of developing pneumonia in COVID-19
patients. On the contrary, vaccination resulted in being a factor strongly protective against
the development of pneumonia. Therefore, the results of this study support the thesis
that the use of vaccines against SARS-CoV-2 prevents the severe effects of the disease,
in particular in individuals with comorbidities. Furthermore, as a result of the negative
correlation found between hypertension and severe forms of the disease, it could be useful
to explore the protective effect of antihypertensive therapies by evaluating in future studies
the effects of different types of drugs.

Finally, the results of the present study could be used in further metanalyses in order
to globally evaluate the role of any factors, including vaccination, in the pathogenesis of
COVID-19.
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