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Abstract
Background. The Charlson comorbidity index (CCI) has been considered as a valid and reliable tool for 
predicting poor clinical outcomes and mortality in patients with coronavirus disease 2019 (COVID-19). 
However, its relationship with the severity of  pneumonia caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has not been thoroughly explored.

Objectives. The aim of the present study was to identify the impact of the comorbidity burden, quantita-
tively assessed by applying CCI, on the severity of inpatient community-acquired pneumonia (CAP) caused 
by SARS-CoV-2. 

Material and methods. The study was conducted using the medical records of 208 patients with CAP 
who had an epidemiological history of a plausible SARS-CoV-2 infection, with positive polymerase chain 
reaction (PCR) confirmation no later than 1 month before being admitted for inpatient treatment. The CCI 
was calculated using a custom computer program. The statistical analysis of data was carried out using 
Statistica, v. 7.0.

Results. Our study found a significant correlation between the comorbidity burden and the severity of CAP 
caused by SARS-CoV-2. Specifically, we observed a low CCI score in the majority of patients in the pneu-
monia risk class II and III groups, and a high CCI score ≥3 in the majority of patients in the pneumonia risk 
class IV group. Moreover, a direct correlation between CCI and age was established. The comorbidities most 
commonly associated with CAP caused by SARS-CoV-2 were congestive heart failure, moderate to severe 
liver diseases and diabetes mellitus (DM) with chronic complications.

Conclusions. The use of CCI to evaluate comorbid pathology in hospitalized patients with CAP caused by 
SARS-CoV-2 can assist the medical staff in developing timely preventive and therapeutic strategies, leading 
to improved patient prognosis.
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Introduction
The emergence of a new zoonotic infection with severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
and the disease it causes – coronavirus disease 2019 
(COVID-19) – posed an  extraordinary challenge to the 
healthcare systems worldwide.1 On March 11, 2020, the 
World Health Organization (WHO) declared COVID-19 
a  pandemic due to its rapid spread, ways of  transmis-
sion and health risk.2 By April 11, 2023, WHO reported 
685,044,510 cases of  COVID-19, resulting in 6,838,093 
deaths globally. By the same date, the number of  con-
firmed cases of  COVID-19 in Ukraine had reached 
5,465,954, with 111,676 of these cases being lethal.3

Coronavirus disease 2019 is characterized by a  range 
of  heterogeneous clinical signs and symptoms, includ-
ing nasal congestion, rhinorrhea, a sore throat, a cough, 
myalgia or fatigue, vomiting, fever, and headache, espe-
cially in patients with respiratory involvement.4,5 While 
nearly 80% of patients are either asymptomatic or present 
with mild symptoms of acute respiratory infection (ARI),6 
some patients may rapidly develop pneumonia and severe 
dyspnea associated with the acute respiratory distress syn-
drome (ARDS).7–9 Since the SARS-CoV-2 viral spike pro-
tein binds to the human angiotensin-converting enzyme 
2 (ACE2) receptor, a  high expression of  this protein in 
the pulmonary tissue is one of the suggested mechanisms 
underlying severe lung damage.10 For instance, alveolar 
epithelial type II (ATII) cells, being more susceptible to 
SARS-CoV-2, undergo apoptosis when infected.11 These 
cells are involved in surfactant secretion. The destruction 
of pneumocytes leads to decreased surfactant levels in the 
alveoli, causing them to collapse, and resulting in pneu-
monia and ARDS.12 One of the hallmarks of SARS-CoV-2 
pneumonia evolving to ARDS, which further disrupts 
ACE signaling pathways, is a cytokine storm that leads to 
systemic inflammation, coagulation disorders, endotheli-
al damage, and the dysregulation of the immune system.13

Old age and comorbidities are the main risk factors for 
the development of pneumonia and ARDS in COVID-19 
patients.14–17 Physiological changes and diseases affect-
ing metabolism and/or immunity also may aggravate the 
course of  SARS-CoV-2 infection.18–20 When exposed to 
equivalent amounts of  viral particles, patients with co-
morbidities develop an increased viral load as compared 
to those without comorbidities. Age is another factor 
that correlates with the severity of SARS-CoV-2-induced 
pneumonia.19,21 This could be attributed to the age-relat-
ed decline in the effectiveness of  T cells and B cells, as 
well as the overproduction of type 2 cytokines, which may 
result in a reduced control of viral replication and a pro-
longed proinflammatory response, potentially leading to 
poor clinical outcomes in the elderly.21,22

The Charlson comorbidity index (CCI) was introduced 
in 1987 as a  standardized score to estimate the likeli-
hood of death in various medical situations, taking into 

account the impact of the coexisting medical conditions 
on the outcome.19,23 Even though CCI has been shown 
to be a  valid and reliable tool for predicting poor clini-
cal outcomes and mortality in patients with COVID-19,24 
its association with the severity of pneumonia caused by 
SARS-CoV-2 has not been widely explored.

Therefore, the present study aimed to identify the im-
pact of  the comorbidity burden, quantitatively assessed 
by applying CCI, on the severity of inpatient community-
acquired pneumonia (CAP) caused by SARS-CoV-2.

Material and methods
This non-interventional, single case–cohort study was 

conducted retrospectively using the medical records 
of 208 patients consecutively admitted for the treatment 
of  CAP to the Department of  Pulmonology of  Ternopil 
Regional Clinical Hospital, Ukraine, from mid-January to 
the end of April 2021. At the time of  admission, all pa-
tients tested negative for SARS-CoV-2 (the swab test).

The most common scoring systems used to predict se-
verity and mortality in the case of CAP are CURB-65 (con-
fusion, urea, respiratory rate, blood pressure (BP), age ≥65 
years), SMART-COP (systolic blood pressure, multilobar 
infiltrates, albumin, respiratory rate, tachycardia, confu-
sion, oxygen, and pH) and the pneumonia severity index 
(PSI), with the latter being originally developed within the 
Pneumonia Patient Outcomes Research Team (PORT) 
project. The PORT score determines PSI, predicts the 
risk of death and provides recommendations for efficient 
treatment. According to the total scoring of  the disease 
signs (prognostic criteria), 5 classes of an  increased risk 
of mortality are distinguished: class I: age <50 years, no 
comorbidity, no abnormal vital signs, <50 points; class 
II: 51–70 points; class III: 71–90 points; class IV: 91–130 
points; and class V: >130 points.25

The diagnoses of CAP and the distribution of patients 
into risk classes according to the PORT scores were con-
firmed using the 2019 Ukrainian evidence-based clinical 
guidelines entitled “Nosocomial pneumonia in adults: 
Etiology, pathogenesis, classification, diagnostics, anti-
microbial therapy, and prevention”,26 adapted from the 
National Institute for Health and Care Excellence (NICE) 
Clinical Guideline CG191 – Pneumonia in adults: Diag-
nosis and management.27

Based on the medical records, the patients were catego-
rized into 3 groups according to their PORT scores: group 
II – patients with pneumonia of  risk class II (n  =  124); 
group III – patients with pneumonia of  risk class III 
(n = 68); and group IV – patients with pneumonia of risk 
class IV (n = 16).

The study inclusion criteria were as follows: a positive 
swab test for SARS-CoV-2 no later than 1 month before be-
ing admitted for inpatient treatment; the presence of ARI 
symptoms; and the evidence of CAP on a high-resolution 
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computed tomography (CT) scan. Patients under the age 
of  18, and pregnant or lactating women were excluded 
from the study.

A comparison group (CG, group I; n = 27) comprised 
patients admitted to the Department of  Pulmonology 
of  Ternopil Regional Clinical Hospital during the same 
period, who had a  positive swab test for SARS-CoV-2 
no later than 1 month before the admission for inpatient 
treatment, the symptoms of ARI and no evidence of pneu-
monia on a high-resolution CT scan.

The CCI was calculated using a custom computer pro-
gram and the following input data: the age-based score 
starting at ≥50 years, with an increase of 1 point for every 
10 years; a history of definitive or probable myocardial in-
farction (+1 point); congestive heart failure (+1 point); pe-
ripheral vascular disease (+1 point); cerebrovascular dis-
ease (+1 point); dementia (+1 point); chronic obstructive 
pulmonary disease (COPD) (+1 point); connective tissue 
disease (+1 point); peptic ulcer disease (+1 point); a liver 
disease (mild: +1 point; moderate to severe: +3 points); 
diabetes mellitus (DM) (+1  point; with chronic compli-
cations: +2 points); hemiplegia (+2 points); moderate to 
severe chronic kidney disease (CKD) (+2 points); a solid 
tumor (localized: +2 points; with metastases: +6 points); 
leukemia (+2 points); malignant lymphoma (+2 points); 
and the acquired immunodeficiency syndrome (AIDS) 
(+6 points). A CCI score ≥3 was considered diagnostically 
significant.28,29

The data was collected by one researcher, and then veri-
fied by a second researcher.

Statistical analysis 

Statistical analysis was performed using Statistica, 
v. 7.0 (StatSoft Inc., Tulsa, USA). The normality of quan-
titative variables was assessed using the Kolmogorov–
Smirnov test. The variables were described as mean and 
standard deviation (M ±SD) or as number and percent-
age (n (%)). The comparative analysis of absolute values 
was conducted using the parametric analysis of variance 
(ANOVA) test. Pearson’s test was used for the compari-
son of  relative values, which were presented as a  per-
centage ratio. The χ2 test and Fisher’s exact test were 
used to compare the variables between the groups. Cor-
relations were calculated using the Pearson correlation 
coefficient (r). Differences were considered statistically 
significant at a p-value <0.05.

Results
The mean patient age did not significantly differ be-

tween the study groups and CG (Table 1). At the same 
time, the median age of  patients with CAP caused by 
SARS-CoV-2 was 59 years. Approximately 42% of  the 
study population were 65 years of age or older.

The retrospective analysis of  the data showed no sig-
nificant differences in the severity of  CAP caused by 
SARS-CoV-2 between male and female patients (Table 2).

The CCI revealed significant differences among the in-
patient groups with CAP caused by SARS-CoV-2 in terms 
of risk classes, indicating a higher comorbidity burden in 
subjects with a higher risk class. The comparison of CCI 
between inpatients with CAP caused by SARS-CoV-2 and 
CG showed significantly higher scores in subjects with 
pneumonia risk class III (by 57.89%) and risk class IV (by 
167.67%) (Table 3).

A weak direct correlation was found between the pa-
tients’ CCI score and age (Fig. 1).

Table 1. Age of patients with varying severity of community-acquired 
pneumonia (CAP) caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and of controls

Groups Number  
of patients

Age [years]  
M ±SD p-value

CG (I) 27 53.52 ±16.68 pI–II = 0.130
pI–III = 0.386
pI–IV = 0.558
рII–III = 0.908
рII–IV = 0.998
рIII–IV = 0.998

Group II 124 59.73 ±16.68

Group III 68 58.37 ±12.88

Group IV 16 59.06 ±12.32

Groups: CG (I)– control group; group II – patients with pneumonia of risk 
class II; group III – patients with pneumonia of risk class III; group IV 
– patients with pneumonia of risk class IV.  
M – mean; SD – standard deviation.

Table 2. Gender of patients with varying severity of community-
acquired pneumonia (CAP) caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and of controls

Groups M F χ2 p-value

CG (I) 16 (59.26) 11 (40.74)

1.26 0.739
Group II 64 (51.61) 60 (48.39)

Group III 33 (48.53) 35 (51.47)

Group IV 7 (43.75) 9 (56.25)

Data presented as number (percentage) (n (%)). 
M – male; F – female.

Table 3. Charlson comorbidity index (CCI) scores of patients with varying 
severity of community-acquired pneumonia (CAP) caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and of controls

Groups CCI score  
(points) p-value

CG (I) 1.33 ±1.21 pI–II = 0.978
pI–III = 0.049*
pI–IV < 0.001*
рII–III = 0.004*
рII–IV < 0.001*
рIII–IV = 0.003*

Group II 1.32 ±1.67

Group III 2.10 ±2.09

Group IV 3.56 ±1.75

Data presented as mean ± standard deviation (M ±SD). 
* statistically significant.
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The severity of  comorbid diseases was recorded and 
scored using the CCI formula. A cut-off value of 3 points 
was a  substantial independent risk factor in predicting 
mortality and an indicator of a high comorbidity burden, 
while a ССІ score of 0–2 points indicated a  low comor-
bidity burden. The study established a significant corre-
lation between the comorbidity burden and the severity 
of  pneumonia. In particular, patients in the pneumonia 
risk class II and III groups had a  low CCI score, while 
those in group IV had a high CCI score. It is worth not-
ing that among patients with a low CCI score, there were 
31.99% more individuals in the pneumonia risk class III 
group than in the pneumonia risk class IV group (Table 4).

The analysis of  the frequency of  concomitant pathol-
ogy, taking into account the severity of  CAP caused by 

SARS-CoV-2, revealed significant relationships between 
the diagnosed cases of congestive heart failure, moderate 
to severe liver diseases and DM with chronic complications 
and the pneumonia risk class. In group IV, the frequency 
of diagnosed congestive heart failure, moderate to severe 
liver diseases and DM with chronic complications was sig-
nificantly higher as compared to patients from group III (by 
29.04%, 15.07% and 19.49%, respectively) and group II (by 
37.30%, 27.22% and 24.80%, respectively) (Table 5).

Table 5. Comorbidities in patients with varying severity of community-acquired pneumonia (CAP) caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and in controls

Comorbidity
Groups

χ2 p-value
CG (I) group II group III group IV

Myocardial infarction 1 (3.70) 4 (3.23) 2 (2.94) 1 (6.25) 0.46 0.928

Congestive heart failure 11 (40.74) 39 (31.45) 27 (39.71) 11 (68.75) 8.87 0.031*

Peripheral vascular disease 10 (37.04) 34 (27.42) 16 (23.53) 4 (25.00) 1.82 0.610

Cerebrovascular disease 1 (3.70) 3 (2.42) 1 (1.47) 2 (12.50) 5.74 0.125

Dementia 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) − −

COPD 2 (7.41) 5 (4.03) 6 (8.82) 3 (18.75) 5.55 0.136

Connective tissue disease 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) − −

Peptic ulcer disease 0 (0.00) 3 (2.42) 2 (2.94) 0 (0.00) 1.20 0.753

Mild liver disease 2 (7.41) 6 (4.84) 10 (14.71) 2 (12.50) 5.87 0.118

Moderate to severe liver disease 0 (0.00) 5 (4.03) 11 (16.18) 5 (31.25) 20.48 <0.001*

DM 1 (3.70) 3 (2.42) 2 (2.94) 1 (6.25) 0.78 0.855

DM with chronic complications 1 (3.70) 8 (6.45) 8 (11.76) 5 (31.25) 11.75 0.008*

Hemiplegia 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) − −

Moderate to severe CKD 1 (3.70) 11 (8.87) 6 (8.82) 2 (12.50) 1.16 0.763

Solid tumor 2 (7.41) 6 (4.84) 6 (8.82) 2 (12.50) 2.03 0.567

Leukemia 0 (0.00) 0 (0.00) 1 (1.47) 0 (0.00) 2.47 0.481

Malignant lymphoma 0 (0.00) 1 (0.81) 0 (0.00) 0 (0.00) 0.90 0.827

AIDS 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) − −

Data presented as n (%).
COPD – chronic obstructive pulmonary disease; DM – diabetes mellitus; CKD – chronic kidney disease; AIDS – acquired immunodeficiency syndrome;  
* statistically significant.

Fig. 1. Relationship between the Charlson comorbidity index (CCI) and age 
in patients with community-acquired pneumonia (CAP) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

r – Pearson correlation coefficient; CI – confidence interval.

Table 4. Charlson comorbidity index (CCI) low and high scores of patients 
with varying severity of community-acquired pneumonia (CAP) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and of controls

Groups
CCI score (points)

χ2 p-value
0–2 ≥3

CG (I) 24 (88.89) 3 (11.11)

21.93 <0.001*
Group II 97 (78.23) 27 (21.77)

Group III 43 (63.24) 25 (36.76)

Group IV 5 (31.25) 11 (68.75)

Data presented as n (%). 
* statistically significant.
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Discussion
COVID-19 patients with multiple comorbidities are at 

a higher risk of poorer outcomes and mortality due to the 
increased severity of  lung injury. Guan  et  al. evaluated 
the risk of  serious adverse outcomes in COVID-19 pa-
tients by stratifying their comorbidity status, and showed 
that subjects with underlying diseases had poorer clini-
cal outcomes than those without.30 Huang et al. demon-
strated that 32% of hospitalized patients with pneumonia 
caused by SARS-CoV-2 had underlying diseases, including 
DM (20%), hypertension (HTN) (15%) and cardiovascu-
lar disease (CVD) (15%).31 Chen et al. reported that 51% 
of  inpatients with pneumonia caused by SARS-CoV-2 
had comorbidities, with the most prevalent being car-
diovascular and cerebrovascular diseases (40%) and DM 
(13%).32 A  prospective observational cohort study using 
the International Severe Acute Respiratory and emerging 
Infections Consortium (ISARIC) WHO Clinical Charac-
terisation Protocol UK (CCP-UK) found that chronic car-
diac disease (30.9%), DM without complications (20.7%), 
COPD excluding asthma (17.7%), CKD (16.2%), and asth-
ma (14.5%) were the most common major comorbidities 
among 20,133 hospital inpatients with COVID-19, while 
22.5% of  patients had no documented major underlying 
disease.33 In a retrospective study of 1,590 COVID-19 pa-
tients who were admitted to hospital and had a laboratory-
confirmed diagnosis, 25.1% reported having at least one 
underlying health condition.30 Among these comorbidi-
ties, the most prevalent one was HTN (16.9%), followed by 
DM (8.2%) and other CVD (3.7%). Furthermore, individu-
als with severe COVID-19 were more likely to have multi-
ple comorbidities as compared to non-severe cases (40.0% 
vs. 29.4%). Patients with multiple comorbidities were older 
(mean age: 66.2 years vs. 58.2 years) and were more like-
ly to experience shortness of  breath (55.4% vs. 34.1%).30 
Wu et al. conducted a retrospective cohort study involv-
ing 201 patients with COVID-19 pneumonia, of which 84 
(41.8%) developed ARDS.34 The study found that older age, 
neutrophilia, organ dysfunction, and elevated D-dimer 
levels were associated with an increased risk of ARDS or 
death. Moreover, among patients who developed ARDS, 
comorbidities such as HTN (23 out of 84 (27.4%)) and DM 
(16 out of 84 (19.0%)) were more common as compared 
to individuals who did not develop ARDS (16 out of 117 
(13.7%) and 6 out of 117 (5.1%) patients, respectively).34 In 
their multicenter retrospective cohort study involving 191 
patients with COVID-19 pneumonia, Zhou  et  al. found 
that older age, higher Sequential Organ Failure Assess-
ment (SOFA) scores and D-dimer levels greater than 1 µg/
mL upon admission were associated with an increased risk 
of death during hospitalization.22

Our results indicate that patients with comorbidities 
experienced more severe pneumonia as compared to 
those without comorbidities. Patients in the risk class IV 
group had a high CCI score (≥3), while the majority of pa-

tients in the risk class II and III groups had a  low CCI 
score (0–2). The comorbidities most commonly associ-
ated with CAP caused by SARS-CoV-2 were congestive 
heart failure, moderate to severe liver diseases and diabe-
tes with chronic complications. In group IV, the frequen-
cy of  congestive heart failure, moderate to severe liver 
diseases and DM with chronic complications was signifi-
cantly higher as compared to patients from group III (by 
29.04%, 15.07% and 19.49%, respectively) and group II (by 
37.30%, 27.22% and 24.80%, respectively).

Diabetes mellitus is a  major risk factor for the devel-
opment of severe pneumonia caused by viral infections.35 
A single-center prospective cohort study found a strong 
association between DM and the diagnosis of  pneumo-
nia in patients with SARS-CoV-2 infection.36 The study 
observed that individuals with DM had a 3.5-fold higher 
prevalence of pneumonia as compared to those without 
the condition.36 According to Bornstein  et  al., patients 
with DM have up to a 50% higher risk of a fatal outcome 
from COVID-19 than those without DM.37 In a study by 
Zhu et al., patients with type 2 DM were more likely to 
experience a severe course of COVID-19, and those with 
poorer blood glucose control had a higher mortality rate 
than those with better blood glucose management.38

Among other comorbidities, congestive heart failure has 
also been associated with poor pneumonia outcomes due 
to alveolar flooding and reduced microbial clearance.39 
A prospective study conducted by Petrilli et al. showed that 
chronic heart failure was associated with a 4.4-fold higher 
risk of hospitalization and a 1.9-fold higher risk of critical 
illness in COVID-19 patients.40 However, a study conduct-
ed by Bruno et al. examined the impact of the pre-existing 
chronic heart failure on the clinical outcomes of critically 
ill elderly patients (≥70 years) receiving intensive care for 
COVID-19, and concluded that the pre-existing condition 
did not influence 30-day mortality.41

Due to immune dysregulation, chronic liver diseases 
are believed to put affected individuals at risk of adverse 
outcomes following infection with SARS-CoV-2. Recent 
reports have indicated that patients with the pre-exist-
ing chronic liver diseases have a  high mortality rate for 
COVID-19, with an associated mortality rate of 39.8%.42 
According to a  study by Marjot  et  al., the stage of  liver 
disease is strongly correlated with COVID-19 mortality.43

We found a CCI score ≥3 in the majority of patients in 
the risk class IV group. It should be noted that a CCI score 
>3 (OR (odds ratio): 2.71; 95% CI (confidence interval): 
1.85–3.97) was found to be independently associated with 
mortality in COVID-19 inpatients.44 Gregoriano et al. re-
ported a significant burden of comorbidities among adult 
COVID-19 patients hospitalized in Aarau Cantonal Hos-
pital, Switzerland, between February 26, 2020, and April 
30, 2020.45 The patients had a  median CCI of  3 points, 
and there was a high prevalence of HTN, CKD and obe-
sity.45 In a systematic review and meta-analysis conducted 
by Tuty Kuswardhani et al., it was found that a CCI score 
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of  1–2 or ≥3 was prognostically associated with higher 
mortality and poor outcomes in patients with COVID-19 
as compared to a CCI score of 0.25 Each incremental point 
in the CCI score raised the mortality risk by 16%. Thus, 
a higher mean CCI score was significantly associated with 
both mortality and disease severity.25 These and similar 
findings were used by Nuevo-Ortega et al., who proposed 
a  method for predicting the prognosis of  patients with 
COVID-19 pneumonia.46 The method combines age-ad-
justed CCI and the pneumonia severity scale (CURB-65), 
with the addition of the measurement of arterial satura-
tion with pulse oximetry as the only supplementary diag-
nostic tool.46

This study is the first research in Ukraine to evaluate 
the impact of the comorbidity burden, quantitatively as-
sessed by applying CCI, on the severity of  CAP caused 
by SARS-CoV-2. Our results demonstrated that patients 
with higher CCI scores had more severe CAP. This find-
ing suggests that the CCI score can be used as an alter-
native to pneumonia-specific severity scores, not only to 
predict the risk of death. Moreover, our research can be 
useful for identifying patients who are at high risk of poor 
outcomes and may guide clinical decision-making.

Limitations 

The present study has several limitations. First, its ret-
rospective character makes it susceptible to knowledge 
bias. Second, some previous medical history was not clas-
sified according to the International Classification of Dis-
eases 10th Revision (ICD-10) diagnosis codes, and some 
information about comorbidities might be missing. Third, 
the duration of COVID-19 illness prior to hospitalization 
was not considered in this study. Fourth, the sample size 
of  the risk class IV group was limited. Additionally, we 
cannot rule out the hypothesis that the patients included 
in the study do not represent the entire cohort of patients 
with CAP caused by SARS-CoV-2 in Ukraine. However, 
our results reflect a heterogeneous real-world population 
representative of clinical practice.

Conclusions
The present study suggests that the comorbidity burden 

has a significant impact on the severity of CAP caused by 
SARS-CoV-2. The majority of patients in the pneumonia 
risk class II and risk class III groups had a low CCI score 
of 0–2, while the majority of patients in the risk class IV 
group had a high CCI score (≥3). Moreover, a direct corre-
lation was established between the CCI score and the age 
of inpatients with CAP caused by SARS-CoV-2. The use 
of  CCI to evaluate comorbid pathology in hospitalized 
patients with CAP caused by SARS-CoV-2 can assist the 
medical staff in developing timely preventive and thera-
peutic strategies, leading to improved patient prognosis.
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