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Background/Aims: Risk factors for progression to critical illness in hospital-acquired coronavirus disease 2019 (COVID-19) 
remain unknown. Here, we assessed the incidence and risk factors for progression to critical illness and determined their ef-
fects on clinical outcomes in patients with hospital-acquired COVID-19.
Methods: This retrospective cohort study analyzed patients admitted to the tertiary hospital between January 2020 and 
June 2022 with confirmed hospital-acquired COVID-19. The primary outcome was the progression to critical illness of hospi-
tal-acquired COVID-19. Patients were stratified into high-, intermediate-, or low-risk groups by the number of risk factors for 
progression to critical illness.
Results: In total, 204 patients were included and 37 (18.1%) progressed to critical illness. In the multivariable logistic analy-
sis, patients with preexisting respiratory disease (OR, 3.90; 95% CI, 1.04–15.18), preexisting cardiovascular disease (OR, 3.49; 
95% CI, 1.11–11.27), immunocompromised status (OR, 3.18; 95% CI, 1.11–9.16), higher sequential organ failure assessment 
(SOFA) score (OR, 1.56; 95% CI, 1.28–1.96), and higher clinical frailty scale (OR, 2.49; 95% CI, 1.62–4.13) showed significant-
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) began in 2019 and 
continues to be a global pandemic, causing over 700 mil-
lion infections and over 6 million deaths by 2022. The use 
of vaccines against SARS-Cov-2 infection has helped reduce 
the risk of transmission and the severity of the disease [1]. 
Moreover, treatments, such as dexamethasone, baricitinib, 
tocilizumab, and remdesivir have been effective in reducing 
mortality rates and shortening treatment periods [2]. Conse-
quently, social distancing and hospital transmission preven-
tion measures have been relaxed. Despite this, the risk of 
COVID-19 remains high as the pandemic continues to result 
in new infections and deaths worldwide. 

COVID-19 can range from a mild illness with few or no 
symptoms to a critical illness that progresses to respiratory 
failure, shock, and multiple organ failure [3]. Several stud-
ies have identified risk factors for the progression to critical 
illness in patients with COVID-19, such as age, male sex, 
obesity, chronic heart disease, chronic respiratory disease, 
diabetes, chronic kidney disease, cancer, fever, D-dimer el-
evation, lymphopenia, neutrophilia, and troponin elevation 
[4-8]. Based on these studies, risk-scoring systems have 
been developed and validated to predict progression to crit-
ical illness in patients with COVID-19 disease [9,10]. It has 
been shown that the mortality rate is higher in critical cases 
than in mild and severe cases [3].

In hospital settings, SARS-CoV-2 can easily spread through  
various routes, such as person-to-person transmission or 
from the surface of a contaminated object to a person [11]. 
Moreover, many patients hospitalized for illnesses other 
than COVID-19 already have several risk factors for pro-
gression to critical illness in community-acquired COVID-19. 
However, few studies have been conducted on the risk 
factors for progression to critical illness in patients with 

hospital-acquired COVID-19. Moreover, in the event of an 
in-hospital viral outbreak, it may not be feasible to isolate or 
treat all hospitalized patients in a timely manner, especially 
in pandemic settings. This creates difficulties in determin-
ing which patients should prioritize isolation and prevention 
and in managing the transmission and spread of viral infec-
tions [12] and resource-utilization decisions. 

In this study, we hypothesized that patients with progres-
sion to critical illness in hospital-acquired COVID-19 are at 
an increased risk of worse clinical outcomes. Here, we as-
sessed the incidence and risk factors for progression to criti-
cal illness and determined their effects on clinical outcomes 
in patients with hospital-acquired COVID-19. 

METHODS

Study design and patients
We conducted a retrospective cohort study of patients ad-
mitted to Seoul National University Hospital, a 1,778-bed 
tertiary academic hospital in South Korea, between Janu-
ary 1, 2020 and June 30, 2022. We included patients aged 
19 years who had confirmed hospital-acquired COVID-19 
in a general ward. In accordance with domestic guidelines 
during the COVID-19 outbreak, patients were admitted to 
the hospital after a confirmed negative SARS-CoV-2 reverse 
transcription-polymerase chain reaction (RT-PCR) result. 
Hospital-acquired COVID-19 was defined as a positive SARS-
CoV-2 RT-PCR result confirmed 5 days after hospitalization. 
Considering the incubation period of SARS-CoV-2 infection 
[13], patients diagnosed with COVID-19 within 5 days of 
hospitalization were classified as community-acquired and 
ineligible for the study. The SARS-CoV-2 RT-PCR result was 
considered positive at a cycle threshold of less than 36. Pa-
tients were excluded if they were undergoing noninvasive or 

ly increased risk of progression to critical illness. As the risk of the groups increased, patients were significantly more likely to 
progress to critical illness and had higher 28-day mortality.
Conclusions: Among patients with hospital-acquired COVID-19, preexisting respiratory disease, preexisting cardiovascular 
disease, immunocompromised status, and higher clinical frailty scale and SOFA scores at baseline were risk factors for pro-
gression to critical illness. Patients with these risk factors must be prioritized and appropriately isolated or treated in a timely 
manner, especially in pandemic settings.
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mechanical ventilation before the diagnosis of hospital-ac-
quired COVID-19 or were discharged within 24 h of the di-
agnosis of hospital-acquired COVID-19. This study was con-
ducted in accordance with the principles of the Declaration 
of Helsinki. The Institutional Review Board of Seoul National 
University Hospital waived the requirement for written in-
formed consent owing to the retrospective nature and ap-
proved this study (No. IRB-H-2207-164-1344).

Data collection
We collected and analyzed data on baseline and clinical 
characteristics, treatments related to COVID-19, and clini-
cal outcomes. Baseline characteristics were investigated at 
the time of the diagnosis of hospital-acquired COVID-19 in 
the general ward. Based on the definitions used in previous 
studies, immunodeficiency was defined as any of the fol-
lowing conditions within the last 90 days: chemotherapy; 
immunosuppressants, including corticosteroids (predniso-
lone ≥ 20 mg/day, or an equivalent dose of other cortico-
steroids, for 2 weeks or longer); human immunodeficiency 
virus infection or acquired immune deficiency syndrome; or 
immunosuppressive disease, such as hypogammaglobulin-
emia [14-16]. For preexisting respiratory disease, comorbid-
ities such as chronic obstructive pulmonary disease, intersti-
tial lung disease, non-tuberculous mycobacterial pulmonary 
disease, pulmonary tuberculosis, and post-tuberculosis-re-
lated lung disease were included. Preexisting cardiovascular 
disease comorbidities, such as heart failure, ischemic heart 
disease, arrhythmia, peripheral vascular disease, abdominal 
aorta aneurysm, pericarditis, and cardiac valve disease were 
included. Patients with clinical frailty scale (CFS) score ≥5 
were classified as “frail” [17].

The clinical characteristics of patients with COVID-19 dis-
ease were investigated, including their need for respiratory 
support, such as conventional oxygen therapy (e.g., nasal 
prong and face mask), high-flow nasal cannula (HFNC), 
non-invasive ventilation, and mechanical ventilation. We 
also assessed the patients’ condition at discharge (discharge 
to home, nursing home, or transfer to another hospital), 
in-hospital mortality, and 28-day mortality. 

Study outcomes
The primary outcome was progression of hospital-acquired 
COVID-19 to a critical illness. Based on the World Health Or-
ganization (WHO) living guideline and Centers for Disease 
Control and Prevention COVID-19 guidance [2,18], critical 

illness was defined as any of the following conditions within 
4 weeks after the diagnosis of hospital-acquired COVID-19: 
acute respiratory distress syndrome (ARDS), septic shock, or 
the need for life-sustaining therapy (vasopressor, noninva-
sive ventilation, HFNC, or mechanical ventilation). ARDS was 
defined according to the Berlin criteria [19] and septic shock 
was defined as the use of vasopressors and a serum lactate 
level exceeding 2 mmol/L in patients with sepsis [20]. Pa-
tients receiving HFNC prior to hospital-acquired COVID-19 
diagnosis were considered critically ill if they progressed to 
ARDS or septic shock within 4 weeks after the diagnosis 
of hospital-acquired COVID-19. Secondary outcomes were 
28-day mortality, in-hospital mortality, discharged to home, 
and length of hospital stay.

Statistical analysis
Continuous variables are reported as mean (standard de-
viation) or median (interquartile range), and categorical 
variables are reported as counts and percentages. Be-
tween-group differences in baseline characteristics were 
assessed using Student’s t-test or the Mann–Whitney U test 
for quantitative variables and the chi-square test or Fisher’s 
exact test for qualitative variables. 

Univariable and multivariable logistic regression analyses 
were used to identify risk factors for progression to critical 
illness in patients with hospital-acquired COVID-19. Inde-

Figure 1. Flowchart of patients. Hospital-acquired COVID-19 was 
defined as a positive SARS-CoV-2 RT-PCR result confirmed 5 days 
after hospitalization. Patients were excluded if they were under-
going noninvasive or mechanical ventilation before the diagnosis 
of hospital-acquired COVID-19 or were discharged within 24 
hours of the diagnosis of hospital-acquired COVID-19. COVID-19, 
coronavirus disease 2019; RT-PCR, reverse transcription-poly-
merase chain reaction.

Adult patients with hospital-acquired COVID-19 (n = 229)

Discharged on the day of COVID-19
diagnosis (n = 16)

Non-invasive or mechanical ventilation
before the day of COVID-19 diagnosis

(n = 9)

Included patients (n = 204)

Non-critical illness (n = 167) Critical illness (n = 37)
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pendent variables were selected based on biological plau-
sibility and associations in the scientific literature. We used 

a bidirectional stepwise regression approach with a signif-
icance level of entry (SLE) and a significance level of stay 

Table 1. Baseline and clinical characteristics of the patients with hospital-acquired COVID-19

Variable
Total 

(n = 204)
Non-critical illness 

(n = 167)
Critical illness  

(n = 37)
p value

Age (yr) 65 (53–74) 65 (52–73) 65 (55–77) 0.452

Sex, male 127 (62.3) 101 (60.5) 26 (70.3) 0.355

Body mass index (kg/m2) 22 (19–25) 22 (20–25) 19 (17–24) 0.015

Comorbidity

Respiratory disease 24 (11.8) 15 (9.0) 9 (24.3) 0.019

Cardiovascular disease 45 (22.1) 34 (20.4) 11 (29.7) 0.306

Hypertension 82 (40.2) 69 (41.3) 13 (35.1) 0.611

Neurologic disease 67 (32.8) 60 (35.9) 7 (18.9) 0.072

Diabetes 65 (31.9) 56 (33.5) 9 (24.3) 0.372

Chronic liver disease 18 (8.8) 12 (7.2) 6 (16.2) 0.152

Chronic kidney disease 35 (17.2) 24 (14.4) 11 (29.7) 0.045

Connective tissue disease 21 (10.3) 17 (10.2) 4 (10.8) > 0.999

Solid malignancy 60 (29.4) 46 (27.5) 14 (37.8) 0.297

Hematologic malignancy 25 (12.3) 19 (11.4) 6 (16.2) 0.593

Immunocompromised 84 (41.2) 63 (37.7) 21 (56.8) 0.052

Respiratory support at baseline < 0.001

No oxygen support 155 (76.0) 141 (84.4) 14 (37.8)

Nasal prong 36 (17.6) 26 (15.6) 10 (27.0)

High-flow nasal cannula 13 (6.4) 0 (0) 13 (35.1)

From hospitalization to COVID-19 diagnosis (d) 16 (9–27) 15 (9–25) 24 (16–37) 0.001

Sequential organ failure assessment scorea) 4 (3–6) 4 (3–5) 7 (5–9) < 0.001

Clinical frailty scaleb) 6 (5–7) 6 (5–7) 7 (7–8) < 0.001

Former antibiotics 145 (71.1) 113 (67.7) 32 (86.5) 0.037

Critical illness

Acute respiratory distress syndrome 10 (4.9) 10 (27.0)

Septic shock 22 (10.8) 22 (59.5)

Need for life-sustaining therapy 37 (18.1) 37 (100.0)

Hospital length of stay (d)c) 11 (7–24) 10 (7–20) 22 (8–41) 0.002

Discharge statusd) 0.804

Home 136/179 (76.0) 124/162 (76.5) 12/17 (70.6)

Transfer to other hospital or nursing home 43/179 (24.0) 38/162 (23.5) 5/17 (29.4)

In-hospital mortality 25 (12.3) 5 (3.0) 20 (54.1) < 0.001

28-day mortality 17 (8.3) 2 (1.2) 15 (40.5) < 0.001

Values are presented as median (interquartile range) or number (%).
COVID-19, coronavirus disease 2019.
a)Sequential organ failure assessment score ranges from 0 to 24, with higher scores indicating more severe organ dysfunction.
b)The clinical frailty scale ranges from 1 to 9, with a score of 5 or greater indicating frailty.
c)Days from COVID-19 diagnosis to hospital discharge.
d)Only in patients who survived to discharge.
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(SLS); both set at 0.15. This approach involved performing 
multivariate logistic regression on all covariates, iteratively 
removing variables that did not meet the SLS criterion of 
0.15 and adding variables that met the SLE criterion of 0.15, 
to determine the final model [21]. We generated a receiver 
operating characteristic (ROC) curve and estimated the area 
under the receiver operating characteristic (AUROC) curve 
to determine the predictive value and optimal cut-off values 
of significant variables identified in the multivariable logistic 
regression analysis of the risk factors for progression to crit-
ical illness in patients with hospital-acquired COVID-19. The 
optimal cutoff values were determined based on Youden’s 
index, which maximizes the sum of sensitivity and specifici-
ty. The results are presented as odds ratios (ORs) with 95% 
confidence intervals (CIs). Patients were stratified into high-, 
intermediate-, and low-risk groups according to the number 
of risk factors for progression to critical illness in patients 
with hospital-acquired COVID-19. For continuous variables, 
the Kruskal-Wallis test was performed to compare the out-
comes between the groups. For categorical variables, the 
chi-square test was used to compare the outcomes between 
the groups. Statistical significance was defined as a two-sid-
ed p value of < 0.05. All statistical analyses were performed 
using R version 4.1.3. (R Foundation for Statistical Comput-
ing, Vienna, Austria; https://www.r-project.org/).

RESULTS

Baseline characteristics
A total of 229 adult patients were confirmed to have hospi-
tal-acquired COVID-19 between January 1, 2020 and June 
30, 2022. After excluding 16 patients who were discharged 
on the day of hospital-acquired COVID-19 diagnosis and 
9 patients who were receiving non-invasive ventilation or 
mechanical ventilation prior to hospital-acquired COVID-19 
diagnosis, 204 patients were included in this study (Fig. 1). 
The median age was 65 years (53–74 yr) and 127 (62.3%) 
patients were male. Of 204 patients, 37 (18.1%) progressed 
to critical illness (Table 1). The critical illness group had a 
lower body mass index (BMI) (19 [17–24] kg/m2 vs. 22 [20–
25] kg/m2; p = 0.015), more preexisting respiratory diseases 
(24.3% vs. 9.0%; p = 0.019), and a longer time from hospi-
talization to diagnosis of COVID-19 (24 [16–37] days vs. 15 
[9–25] days; p = 0.001) than the non-critical illness group. 
The critical illness group had lower oxygen saturation/frac-
tion of inspired oxygen ratio (339 [194–452] mmHg vs. 457 
[448–462] mmHg; p < 0.001), higher Pandemic Respirato-
ry Infection Emergency System Triage (PRIEST) COVID-19 
clinical severity score (13 [11–14] vs. 8 [6–10]; p < 0.001), 
Coronavirus clinical characterization consortium (4C) mor-
tality score (10.6 ± 3.7 vs. 8.0 ± 3.3; p < 0.001), sequential 
organ failure assessment (SOFA) score (7 [5–9] vs. 4 [3–5];  
p < 0.001), and CFS (7 [7–8] vs. 6 [5–7]; p < 0.001) than the 
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Figure 2. The number of patients with critical and non-critical illnesses according to the baseline characteristics. For each SOFA score  
(A) and CFS (B), the number of patients with critical and non-critical illnesses is shown. SOFA, sequential organ failure assessment; CFS, 
clinical frailty scale.
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non-critical illness group at baseline (Table 1, Supplemen-
tary Table 1). The incidence of progression to critical illness 
increased with higher SOFA and CFS scores (Fig. 2). 

The critical illness group had a longer hospital stay after 
COVID-19 diagnosis (22 [8–41] days vs. 10 [7–20] days;  
p = 0.002), higher in-hospital mortality (54.1% vs. 3.0%;  
p < 0.001), and higher 28-day mortality (40.5% vs. 1.2%; 
p < 0.001) (Table 1). Median time from COVID-19 diagnosis 

to critical illness was 4 (0–10) days. Of the two non-critical 
patients who died within 28 days, one died from gastroin-
testinal bleeding due to esophageal varices and the other 
died from cancer progression.

Treatments related to COVID-19
The use of antibiotics (83.3% vs. 58.7%; p = 0.010), dexa-
methasone (40.5% vs. 7.6%; p < 0.001), and remdesivir 

Table 2. Logistic regression analyses of the risk factors for critical illness in patients with hospital-acquired COVID-19

Variable
Univariable Multivariable

OR (95% CI) p value OR (95% CI)a) p value

Age 1.01 (0.99–1.03) 0.471

Sex, male 0.65 (0.30–1.40) 0.269

Body mass index 0.91 (0.83–0.99) 0.035

Comorbidity

Respiratory disease 3.26 (1.30–8.17) 0.012 3.90 (1.04–15.18) 0.044

Cardiovascular disease 1.65 (0.74–3.68) 0.217 3.49 (1.11–11.27) 0.032

Hypertension 0.77 (0.37–1.62) 0.488

Diabetes 0.64 (0.28–1.44) 0.279 0.41 (0.13–1.18) 0.112

Chronic liver disease 2.29 (0.81–6.50) 0.118

Chronic kidney disease 2.52 (1.10–5.76) 0.028

Connective tissue disease 1.07 (0.34–3.39) 0.909

Solid malignancy 1.60 (0.76–3.38) 0.216

Hematologic malignancy 1.51 (0.56–4.08) 0.419

Immunocompromised 2.17 (1.05–4.46) 0.036 3.18 (1.11–9.16) 0.025

Abnormal white blood cell countb) 3.38 (1.60–7.12) 0.001

Abnormal heart ratec) 2.76 (1.33–5.72) 0.006

Abnormal body temperatured) 1.08 (0.48–2.19) 0.953

SOFA score 1.66 (1.40–1.98) < 0.001 1.56 (1.28–1.96) < 0.001

CFS 2.99 (1.98–4.51) < 0.001 2.49 (1.62–4.13) < 0.001

Dexamethasone usee) 2.29 (0.81–6.50) 0.118

Remdesivir usee) 1.06 (0.52–2.15) 0.882

Former antibiotics 3.06 (1.13–8.29) 0.028

COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval; SOFA, sequential organ failure assessment; CFS, clini-
cal frailty scale.
a)Bidirectional stepwise selection for age, sex, body mass index, respiratory disease, cardiovascular disease, hypertension, diabetes, 
chronic liver disease, chronic kidney disease, connective tissue disease, solid malignancy, hematologic malignancy, immunocompro-
mised status, white blood cell count, heart rate, body temperature, SOFA score, CFS, the use of dexamethasone, remdesivir before 
progression to critical illness, and former antibiotics use was conducted and respiratory disease, cardiovascular disease, diabetes, 
immunocompromised, SOFA score and clinical frailty scale were included in the final model; Hosmer–Lemeshow test yielded a 
nonsignificant p value of 0.458.
b)Abnormal white blood cell was defined as outside the range of 4,500–11,000/mL.
c)Abnormal heart rate was defined as outside the range of 60–100 beats per minute.
d)Abnormal body temperature was defined as outside the range of 36.5–37.3°C.
e)From COVID-19 diagnosis to critical illness.
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(81.1% vs. 47.3%; p < 0.001) within 2 weeks of COVID-19 
diagnosis was significantly higher in the critical illness group 
than in the noncritical illness group (Supplementary Table 2).  
Two non-critical patients received vasopressors: one had 
hypovolemic shock due to diuretic use, and the other had 
atrial fibrillation with a rapid ventricular response and low 
blood pressure that improved after cardioversion. 

Risk factors for progression to critical illness
In the multivariable logistic analysis, patients with a preex-
isting respiratory disease (OR, 3.90; 95% CI, 1.04–15.18), 
preexisting cardiovascular disease (OR, 3.49; 95% CI, 
1.11–11.27), immunocompromised status (OR, 3.18; 95% 
CI, 1.11–9.16), higher SOFA score (OR, 1.56; 95% CI, 
1.28–1.96), and higher CFS (OR, 2.49; 95% CI, 1.62–4.13) 
showed significantly increased risk of progression to critical 
illness (Table 2). We generated a ROC curve and estimated 
the AUROC to determine the predictive and optimal cutoff 
values of the SOFA score and CFS. Using a cut-off value of 
4.5, the SOFA score predicted progression to critical illness 
with an AUROC of 0.79 (95% CI, 0.71–0.88). Using a cut-off 
value of 6.5, the CFS predicted progression to critical illness 
with an AUROC of 0.81 (95% CI, 0.74–0.88) (Supplemen-
tary Table 3). In the multivariable logistic analysis, using the 
SOFA score divided into organ-specific scores, patients with 
higher CFS (OR, 3.24; 95% CI, 1.95–5.99), immunocom-
promised status (OR, 4.14; 95% CI, 1.43–13.31), preexist-
ing cardiovascular disease (OR, 5.04; 95% CI, 1.49–18.30), 
and higher pulmonary (OR, 3.57; 95% CI, 1.94–7.35) and 
cardiovascular (OR, 2.05; 95% CI, 1.38–3.21) SOFA sub-

scores showed significantly increased risk of progression to 
critical illness (Supplementary Table 4). 

The risk stratified groups and clinical  
outcomes
Further analysis was performed using risk-stratified groups 
as follows: a high-risk group with two or more risk factors  
(n = 125), an intermediate-risk group with one risk factor  
(n = 55), and a low-risk group with zero risk factors (n = 24).  
As the risk of groups increased, the patients were signifi-
cantly more likely to progression to critical illness (0% vs. 
1.8% vs. 28.8%, respectively; p < 0.001), higher 28-day 
mortality (0% vs. 1.8% vs. 12.8%, respectively; p = 0.017), 
higher in-hospital mortality (0% vs. 1.8% vs. 19.2%, re-
spectively; p < 0.001), and longer hospital length of stay  
(7 [6–10] days vs. 10 [7–17] days vs. 16 [8–33] days, respec-
tively; p < 0.001) (Table 3).

DISCUSSION

There are limited studies on the risk factors for progression to 
critical illness in patients with hospital-acquired COVID-19, 
making it difficult to prioritize and isolate such patients 
during an in-hospital COVID-19 outbreak. In the present 
study, among patients with hospital-acquired COVID-19, 
preexisting respiratory disease, preexisting cardiovascular 
disease, immunocompromised status, and higher CFS and 
SOFA scores at baseline were risk factors for progression 
to critical illness, including ARDS, septic shock, and the 

Table 3. Clinical outcomes of the patients with hospital-acquired COVID-19 according to the risk-stratified group

Variable Low risk (n = 24)a) Intermediate risk (n = 55)a) High risk (n = 125)a) p value

Progression to critical illness 0 (0) 1 (1.8) 36 (28.8) < 0.001

28-day mortality 0 (0) 1 (1.8) 16 (12.8) 0.017

Discharge to homeb) 21/24 (87.5) 46/54 (85.2) 69/101 (68.3) 0.023

In-hospital mortality 0 (0) 1 (1.8) 24 (19.2) < 0.001

Hospital length of stay (d)c) 7 (6–10) 10 (7–17) 16 (8–33) < 0.001

Values are presented as number (%) or median (interquartile range).
COVID-19, coronavirus disease 2019.
a)Risk-stratified groups: a high-risk group with two or more risk factors, intermediate-risk group with one risk factor, and low-risk 
group with no risk factors. The risk factors for progression to critical illness included preexisting respiratory disease, preexisting 
cardiovascular disease, immunocompromised, and higher clinical frailty scale (> 6.5) and sequential organ failure assessment score  
(> 4.5) at baseline. 
b)Only in patients who survived to discharge.
c)Days from COVID-19 diagnosis to discharge from hospital.
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need for life-sustaining therapy. Analysis of the results of 
the risk-stratified group showed that, as the number of risks 
increased, critical illness, 28-day mortality, in-hospital mor-
tality, and length of hospital stay increased. This shows that 
the risk factors are sensitive enough to predict progression 
to critical illness and poor outcomes in hospital-acquired 
COVID-19 patients.

In the present study, age, comorbidities (except for pre-
existing respiratory disease and cardiovascular disease, and 
immunocompromised state), neutrophilia, and BMI were 
not significant risk factors for progression to critical illness. 
These findings are different from those of previous studies 
on COVID-19, which did not differentiate between hospi-
tal- and community-acquired COVID-19 [7,22]. Unlike pre-
vious studies that included the general population, our data 
focused on patients with hospital-acquired COVID-19 in a 
tertiary hospital. This reflects the fact that our study popula-
tion consisted of more vulnerable patients than those in pre-
vious studies. The average age of the study participants was 
older (mean age, 65 yr) and had more comorbidities, such 
as cardiovascular disease (22.1%), connective tissue disease 
(10.3%), hematologic malignancy (12.3%), solid malignan-
cy (29.4%), and immunocompromised state (41.2%) than 
the general population [23]. The in-hospital mortality rate of 
our study was 12.3%, which was much higher than South 
Korea’s COVID-19 mortality rate of 0.11%. Accordingly, 
different baseline characteristics, such as age and comorbid-
ities (except for pre-existing pulmonary disease and cardio-
vascular disease, and an immunocompromised state), may 
not have been identified as significant risk factors [24].

There are some plausible explanations for the risk factors 
of hospital-acquired COVID-19 severity found in the present 
study. Patients with chronic lung diseases and compromised 
lung function, such as chronic obstructive pulmonary dis-
ease and interstitial lung disease, are susceptible to acute 
exacerbations due to respiratory infection [25]. Further-
more, COVID-19 has been shown to exacerbate preexisting 
cardiovascular disease and induce a hypercoagulable state 
[4,26]. Our results showed that pulmonary and cardiovas-
cular SOFA subscores were significant risk factors for hos-
pital-acquired COVID-19 severity. These findings indicate 
a potential role of the lungs and heart in the progression 
to critical illness in hospital-acquired COVID-19 patients. 
According to the US Centers for Disease Control and Pre-
vention, patients with COVID-19 who are immunocom-
promised have higher illness severity than those without 

[18]. Previous studies have shown that increased frailty is 
associated with poor outcomes and reduced response to in-
fection and vaccines [27,28], suggesting that clinical frailty 
may be a risk factor for in-hospital mortality in patients with 
COVID-19 [29]. Moreover, COVID-19 can cause multiple 
organ failures. Several studies have demonstrated a rela-
tionship between higher SOFA scores and poor prognosis in 
patients with COVID-19 [6,29]. These findings validate our 
results; however, further research is required to establish a 
direct causal relationship between risk factors and the dete-
rioration of patients with hospital-acquired COVID-19. 

As presented in Table 3, we developed and validated a 
risk stratification method. Five risk factors were identified for 
the progression to critical illness in patients with hospital-ac-
quired COVID-19 and patients were classified into high-, 
intermediate-, or low-risk groups, based on the number of 
these risk factors. As the risk of the groups increased, pa-
tients were significantly more likely to progress to critical ill-
ness and had higher 28-day mortality. Prior risk stratification 
scores, such as 4C mortality score and the PRIEST COVID-19 
clinical severity score, enumerate extensive risk factors, com-
plicating their immediate application in real clinical settings. 
Furthermore, these previous methods were not specifically 
targeted at hospital-acquired COVID-19. However, we pro-
pose a more simplified method that enables efficient deci-
sion-making during an in-hospital COVID-19 outbreak.

Our findings have important public implications for the 
early identification of patients at risk of deterioration from 
hospital-acquired COVID-19, who have different base-
line characteristics from those of the general population. 
Patients at risk of increased severity of hospital-acquired 
COVID-19 should be screened aggressively. This approach 
facilitates early identification and implementation of a care 
plan, including early antiviral therapy [30,31] and timely 
corticosteroid use [32] for COVID-19, which can reduce the 
risk of critical illness at an individual level. When an out-
break occurs in a hospital, it is important to prioritize pa-
tients and focus on those who are most likely to require 
preventive measures [33]. This is because not all infected 
patients will develop critical illness; it is not possible to quar-
antine all patients in advance, and there is a need to protect 
healthcare providers. This is especially true in countries with 
overcrowded healthcare facilities, lack of personal protec-
tive equipment, and lack of proper isolation room facilities, 
as experienced during the Middle East respiratory syndrome 
coronavirus outbreaks [34] and early COVID-19 pandemic 
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period [35]. Likewise, appropriately prioritizing, and isolat-
ing patients who are at a high risk of progressing to critical 
illness during the in-hospital COVID-19 outbreak could save 
resources. As there has been limited research on the risk 
factors of hospital-acquired COVID-19 deterioration, the 
results of this study may be valuable in determining which 
in-hospital patients should receive priority for quarantine or 
treatment in the event of viral outbreaks, especially in pan-
demic settings.

This study has several limitations. As this was a retrospec-
tive study, several important risk factors for deterioration of 
COVID-19, such as smoking status, vaccination status, ra-
diologic characteristics, degree of control of comorbidities, 
SARS-CoV-2 variants, and physician orders for life-sustain-
ing treatment (POLST) issue were not adjusted [4,6,36-38]. 
Although the specific variants could not be confirmed, all 
patients except two were diagnosed between January and 
August 2022, a period characterized by the predominance 
of the Omicron variant [39]. Moreover, individual patient’s 
vaccination history is not available in the present study. 
However, as of January 1, 2022, the second vaccination 
rate for people aged 18 and older in Korea was 93.3%, and 
the second vaccination rate for people aged 60 and older 
was 93% of the population [40]. In the present study, 29 
patients had documented POLST during their hospitalization 
and 17 documented POLST before hospitalization. Among 
29 patients who had documented POLST during their hos-
pitalization, 20 progressed to critical illness while 9 did not. 
In the comparison between groups with and without POLST 
documentation, there were no significant differences in the 
COVID-19-related treatments such as remdesivir, dexameth-
asone, antibiotics, and mechanical ventilation. Our findings 
indicate that POLST had no impact on the primary outcome, 
namely the progression to critical illness. This conclusion is 
supported by the observation that critical illness occurred 
even in patients with documented POLST. Additionally, our 
data did not reveal any instances of COVID-19-related mor-
tality among patients with documented POLST who were 
not confirmed to have critical illness. However, it might have 
influenced the secondary outcomes of hospital length-of-
stay and in-hospital mortality. The management of comor-
bidities may have a significant effect on the outcomes of 
this study. It is pertinent to note that the majority of our 
study participants were actively receiving treatment for their 
comorbid conditions, following their inclusion after five days 
of hospitalization. However, there was one notable excep-

tion: a patient diagnosed with chronic obstructive pulmo-
nary disease who was not undergoing active treatment for 
this condition. There is a possibility that in some patients, 
symptoms may have manifested more than 5 days after in-
fection occurred prior to hospitalization. However, the me-
dian duration from hospitalization to COVID-19 diagnosis 
in our study population was 16 (9-27) days, indicating that 
most of the patients had a much longer interval than 5 days. 
Finally, in the present study, a relatively small number of pa-
tients were studied, raising the possibility that important 
variables may not have reached statistical significance.

In conclusion, among patients with hospital-acquired 
COVID-19, preexisting respiratory disease, preexisting car-
diovascular disease, immunocompromised status, and 
higher CFS and SOFA scores at baseline are risk factors 
for progression to critical illness. Since it is not possible to 
quarantine all patients during an in-hospital viral outbreak, 
patients with these risk factors must be prioritized and ap-
propriately isolated or treated in a timely manner, especially 
in pandemic settings.

KEY MESSAGE
1. This study adds to the evidence that the incidence 

and risk factors for progression to critical illness in 
patients with hospital-acquired COVID-19 are im-
portant indicators of clinical outcomes.

2. Preexisting respiratory disease and cardiovascular 
disease, immunocompromised status, and higher 
CFS and SOFA scores at baseline are risk factors for 
progression to critical illness.

3. Patients with these risk factors must be prioritized 
and appropriately isolated or treated in a timely 
manner, especially in pandemic settings.
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Supplementary Table 1. Clinical characteristics of the patients with hospital-acquired COVID-19 according to the progres-

sion to critical illness

Variable
Total 

(n = 204)
Non-critical illness 

(n = 167)
Critical illness 

(n = 37)
p value

Pulmonary disease

Chronic obstructive pulmonary disease/asthma 9 (4.4) 4 (2.4) 5 (13.5) 0.011

Pulmonary tuberculosisa) 3 (1.5) 2 (1.2) 1 (2.7) > 0.999

Interstitial lung disease 5 (2.5) 3 (1.8) 2 (5.4) 0.486

Pneumoconiosis 2 (1.0) 2 (1.2) 0 (0.0) > 0.999

Nontuberculous mycobacteria pulmonary disease 3 (1.5) 2(1.2) 1 (2.7) > 0.999

Obesity hypoventilation syndrome 1 (0.5) 0 (0.0 1 (2.7) 0.407

Lung graft-versus-host disease 1 (0.5) 0 (0.0 1 (2.7) 0.407

Bronchial stenosis after lung transplant 1 (0.5) 1 (0.6) 0 (0.0) > 0.999

Congenital pulmonary airway malformation 1 (0.5) 1 (0.6) 0 (0.0) > 0.999

Chronic cavitary pulmonary aspergillosis 1 (0.5) 1 (0.6) 0 (0.0) > 0.999

Cardiovascular disease

Heart failure 18 (8.8) 14 (8.4) 4 (10.8) 0.880

Ischemic heart disease 25 (12.3) 21 (12.6) 4 (10.8) 0.985

Arrhythmia 13 (6.4) 10 (6.0) 3 (8.1) 0.916

Peripheral vascular disease 3 (1.5) 2 (1.2) 1 (2.7) > 0.999

Cardiac valve disease 6 (2.9) 3 (1.8) 3 (8.1) 0.129

Abdominal aortic aneurysm 2 (1.0) 2 (1.2) 0 (0.0) > 0.999

Pericarditis 1 (0.5) 1 (0.6) 0 (0.0) > 0.999

Vital sign 

Body temperature (°C) 37.6 ± 0.9 37.5 ± 0.8 37.7 ± 1.0 0.458

SpO2 (%) 96 (95–97) 96 (95–97) 95 (93–96) < 0.001

Heart rate (beats/min) 90 (73–107) 87 (71–104) 106 (89–120) < 0.001

Respiration rate (breaths/min) 20 (18–20) 18 (18–20) 22 (20–25) < 0.001

Mean blood pressure (mmHg) 92 (78–104) 92 (78–103) 90 (77–108) 0.730

Laboratory

White blood cell (103/uL) 6.86 (4.63–8.84) 6.42 (4.63–8.22) 8.62 (5.72–13.66) 0.006

Hemoglobin (g/dL) 10 (9–11) 10 (9–12) 9 (8–10) < 0.001

Platelet (103/uL) 204 (126–292) 215 (137–293) 148 (77–265) 0.037

S/F ratio (mmHg) 452 (400–462) 457 (448–462) 339 (194–452) < 0.001

PRIEST COVID-19 clinical severity scoreb) 8 (7–11) 8 (6–10) 13 (11–14) < 0.001

4C mortality score for COVID-19c) 8.5 ± 3.5 8.0 ± 3.3 10.6 ±3.7 < 0.001

Values are presented as number (%), mean ± standard deviation, or median (interquartile range).
COVID-19, coronavirus disease 2019; SpO2, oxygen saturation; S/F ratio, oxygen saturation/fraction of inspired oxygen ratio; PRIEST, 
Pandemic Respiratory Infection Emergency System Triage.
a)Pulmonary tuberculosis and tuberculosis destroyed lung.
b)PRIEST COVID-19 clinical severity score designed to predict the adverse outcomes (death or major organ support) of COVID-19 
patients.
c)4C mortality score for COVID-19 predict the risk of mortality in COVID-19 patients.
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Supplementary Table 2. Treatments related to COVID-19 of the patients with hospital-acquired COVID-19 according to the 

progression to critical illness

Variable
Total 

(n = 204)
Non-critical illness 

(n = 167)
Critical illness

 (n = 37)
p value

Antibiotics 128 (63.1) 98 (58.7) 30 (83.3) 0.010

Vasopressor 2 (1.2)a) 23 (62.2) < 0.001

Neuromuscular blocker 3 (8.1)

Dexamethasone 28 (13.7) 13 (7.6) 15 (40.5) < 0.001

Tocilizumab 3 (1.5) 3 (1.8) 0 (0) 0.947

Ritonavir-nirmatrelvir 9 (4.4) 9 (5.3) 0 (0) 0.316

Remdesivir 109 (53.4) 79 (47.3) 30 (81.1) < 0.001

Molnupiravir 1 (0.5) 1 (0.6) 0 (0) > 0.999

Prone position 3 (8.1)

Inhaled nitric oxide 1 (2.7)

Continuous renal replacement therapy 5 (13.5)

Extracorporeal membrane oxygenation 0 (0)

High-flow nasal cannula 20 (54.1)

Non-invasive ventilation 1 (2.7)

Mechanical ventilation 9 (24.3)

Values are presented as number (%).
COVID-19, coronavirus disease 2019.
a)Two non-critical patients received vasopressors: one had hypovolemic shock due to diuretic use, and the other had atrial fibrilla-
tion with a rapid ventricular response and low blood pressure that improved after cardioversion.
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Supplementary Table 3. Optimal cut-off values of the risk factors for progression to critical illness in patients with hospi-

tal-acquired COVID-19

Variable Cut-off value AUROC (95% CI) Specificity Sensitivity

Sequential organ failure assessment score 4.5 0.79 (0.71–0.88) 0.66 0.78

Clinical frailty scale 6.5 0.81 (0.74–0.88) 0.64 0.81

COVID-19, coronavirus disease 2019; AUROC, area under receiver operating characteristic curve; CI, confidence interval.
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Supplementary Table 4. Logistic regression analyses of the risk factors for critical illness in patients with hospital-acquired 

COVID-19 using SOFA subscores

Variable
Univariable Multivariable

OR (95% CI) p value OR (95% CI)a) p value

Age 1.01 (0.99–1.03) 0.471

Sex, male 0.65 (0.30–1.40) 0.269

Body mass index 0.91 (0.83–0.99) 0.035

Comorbidity

Respiratory disease 3.26 (1.30–8.17) 0.012

Cardiovascular disease 1.65 (0.74–3.68) 0.217 5.04 (1.49–18.30) 0.010

Hypertension 0.77 (0.37–1.62) 0.488 0.35 (0.11–1.01) 0.061

Diabetes 0.64 (0.28–1.44) 0.279

Chronic liver disease 2.29 (0.81–6.50) 0.118

Chronic kidney disease 2.52 (1.10–5.76) 0.028

Connective tissue disease 1.07 (0.34–3.39) 0.909

Solid malignancy 1.60 (0.76–3.38) 0.216

Hematologic malignancy 1.51 (0.56–4.08) 0.419

Immunocompromised 2.17 (1.05–4.46) 0.036 4.14 (1.43–13.31) 0.012

Abnormal white blood cell countb) 3.38 (1.60–7.12) 0.001 2.85 (0.92–7.64) 0.075

Abnormal heart ratec) 2.76 (1.33–5.72) 0.006

Abnormal body temperatured) 1.08 (0.48–2.19) 0.953

SOFA score

Pulmonary 3.63 (2.24–5.87) <0.001 3.57 (1.94–7.35) <0.001

Cardiovascular 1.92 (1.41–2.61) <0.001 2.05 (1.38–3.21) 0.001

Coagulation 1.64 (1.18–2.29) 0.003

Liver 1.32 (0.89–1.97) 0.169

Central nervous system 1.40 (0.97–2.04) 0.076

Renal 1.43 (0.86–2.38) 0.168

CFS 2.99 (1.98–4.51) <0.001 3.24 (1.95–5.99) <0.001

Dexamethasone usee) 2.29 (0.81–6.50) 0.118

Remdesivir usee) 1.06 (0.52–2.15) 0.882

Former antibiotics 3.06 (1.13–8.29) 0.028

OR, odds ratio; CI, confidence interval; SOFA, sequential organ failure assessment; CFS, clinical frailty scale.
a)Stepwise selection for age, sex, body mass index, respiratory disease, cardiovascular disease, hypertension, diabetes, chronic liver 
disease, chronic kidney disease, connective tissue disease, solid malignancy, hematologic malignancy, immunocompromised status, 
white blood cell count, heart rate, body temperature, pulmonary SOFA subscore, cardiovascular SOFA subscore, liver SOFA sub-
score, coagulation SOFA subscore, renal SOFA subscore, central nervous system SOFA subscore, CFS, the use of dexamethasone, 
remdesivir before progression to critical illness, and former antibiotics use was conducted and cardiovascular disease, hypertension, 
immunocompromised, abnormal white blood cell count, pulmonary SOFA subscore, cardiovascular SOFA subscore and clinical frail-
ty scale were included in the final model; Hosmer–Lemeshow test yielded a nonsignificant p value of 0.557.
b)Abnormal WBC was defined as outside the range of 4,500–11,000/mL.
c)Abnormal heart rate was defined as outside the range of 60–100 beats per minute.
d)Abnormal body temperature was defined as outside the range of 36.5–37.3°C.
e)Days from COVID-19 diagnosis to critical illness.
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