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Introduction

Coronavirus disease 2019 (COVID-19) originated in Wuhan, 
China and the outbreak was first reported in December 2019. 
Since then, COVID-19 has continued to spread worldwide. In 
March 2020 the World Health Organization made an official 
announcement characterizing COVID-19 as a global pandemic 
[1]. Vaccination against COVID-19 was started in Korea in 
March 2021, however, the number of infected people has 
not decreased. This is due to mutant viruses, breakthrough 
infections [2-4], and the fact that vaccination against COVID-19 

does not prevent infection but does reduce hospitalization 
rates and deaths due to COVID-19. The overall mortality rate 
for COVID-19 patients is low (2%), but of those patients, the 
mortality rate of patients with severe infections, and those who 
are critically ill is very high (39-72%) [5-9].

Clinically, infection related biomarkers include levels of white 
blood cells (WBC), segmented neutrophil ratio, procalcitonin 
(PCT), C-reactive protein (CRP), tumor necrosis factor alpha, 
and interleukin (IL)-6 levels [10,11]. Among them, PCT is 
not detectable at less than 0.01 ng/mL in healthy people but 
increases within 4-12 hours of a bacterial infection. PCT is 
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a specific biomarker of bacterial infection, stimulated by IL-1, 
IL-6, and tumor necrosis factor alpha, and its production is 
inhibited by interferon-γ, which increases during viral infection. 
Several studies of bacterial infections have suggested the use of 
antibacterial agents according to PCT levels [12-14]. It has been 
reported that the mortality rate of COVID-19 patients with a 
bacterial coinfection increases by 1.52-5.82 times. However, 
treatment recommendations for COVID-19 are regularly 
being announced, but there is no clear standard for the use of 
antibacterial agents [5-8,15-18]. Therefore, the purpose of this 
study was to determine the usefulness of PCT as a biomarker for 
predicting death in COVID-19 patients.

Materials and Methods

1. Patient selection and data collection 
This retrospective study was performed using data from 

313 patients with confirmed COVID-19 between December 
2020 and February 2021, who were admitted to the National 
Health Insurance Service Ilsan Hospital (a hospital dedicated 
to domestic COVID-19). The electronic medical records of the 
patients were analyzed. After excluding 30 patients who did not 
undergo the PCT test (Figure 1), 283 patients were included 
in the study. For the COVID-19 confirmation test, both lateral 
flow (nasopharyngeal and oropharyngeal smears) and real-
time reverse transcription polymerase chain reaction (RdRp, E, 
ORF1ab, and N) were performed.

2. Hospital settings
The National Health Insurance Service Ilsan Hospital was 

designated as a COVID-19 regional hospital in December 
2021. It has a total of 155 isolated beds under negative pressure 
ventilation, and 12 intensive care units (ICU). Patients diagnosed 
with COVID-19 are admitted to a community treatment center 
if they have no symptoms and are transferred to a regional 
hospital if their condition worsens. At our institution, the 
infectious disease department and respiratory internal medicine 
specialists perform in-hospital severity classification based 
on patient information before admission. Patients requiring 
treatment with a high-flow nasal cannula or ventilator care are 
placed in the ICU. Patients who have a mild oxygen demand 
and those whose course is expected to deteriorate, go to the 
moderate symptoms ward, and patients with 2 or more risk 
factors go to the mild-to-moderate symptoms ward. Patients 
with 1 or no risk factors are admitted to a mild symptoms ward. 
In addition, if there is a change in severity of symptoms during 
hospitalization, the decision of whether to transfer a patient to a 
different ward is made through the in-hospital communication 
system.

3. Outcome measures
The primary endpoint of this study was to determine the 

usefulness of PCT levels in predicting death in COVID-19 
patients. The secondary endpoint was the identification of other 
relevant factors associated with mortality in COVID-19 patients.

4. Statistical analysis
Continuous variables were expressed as mean values and 

standard errors, and compared using the Student t test. For the 
analysis of nominal variables, the chi-square test and Fisher’s 
exact test were used. Logistic regression analysis was used to 

Figure 1. Flow chart of patient selection. 
COVID-19 = coronavirus disease 2019; PCR = real-time reverse transcription polymerase chain reaction.
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determine whether the level of PCT was an independent risk 
factor for death. Furthermore, to confirm the predictive power 
of PCT, receiver operating characteristic (ROC) curve analysis 
was performed, and the cutoff value with the highest sensitivity 
and specificity was confirmed. In order to confirm the ROC 
curve, PCT < 0.05 ng/mL was defined as an undetectable value. 
Statistical significance at a 95% confidence interval was defined 
as a p <0.05. All analyses were performed using SPSS Version 
23.0 (SPSS Inc., Chicago, IL, USA).

Results

1. Patient characteristics
The mean age of the 283 COVID-19 patients analyzed from 

November 2020 to February 2021 was 64.9 ± 17.7 years, and 132 
(46.6%) were male. There were 92 patients (32.5%) who were 
transferred from other hospitals or healthcare centers. The mean 
length of their hospital stay was 17.5 ± 12.0 days. There were 
18 patients (6.4%) who died. At the time of admission, 24% of 

patients complained of a fever (≥ 37.5°C); 33.9% had symptoms 
of upper respiratory tract infection; and 35.3% had symptoms 
other than upper respiratory tract infections, such as muscle 
pain, fatigue, and headache. Their medical history included 
hypertension (42%), diabetes (18.7%), and dyslipidemia (10.6%). 
At the time of admission, the mean or median (range) laboratory 
values were as follows: hemoglobin 13.0 ± 1.8 g/dL, WBC 5,615 
± 2,705/µL, segmented neutrophil ratio 66.4% ± 14.1%, platelets 
205 ± 81 × 103/µL, albumin 3.9 ± 0.5 g/dL, CRP 1.09 (0.02-
30.71) mg/dL, ferritin 222.6 (3.8-2,598.7) ng/mL, and PCT 
0.08 (0.00-10.79) ng/mL. Dexamethasone was administered 
to 100 patients (35.3%), remdesivir to 58 patients (20.5%), 
and antibacterial agents to 112 patients (39.6%). A high-flow 
nasal cannula was used in 24 patients (8.5%), mechanical 
ventilation for 11 patients (3.9%), and extracorporeal membrane 
oxygenation (ECMO) for 2 patients (0.7%). There were 22 
patients (7.8%) who were admitted to the ICU (Table 1).

2. Comparative analysis of survivors and non-survivors
Regarding the characteristics of survivors versus non-

Table 1. Predictor variables for BUIs in 314 patients with pelvic fractures.

Total
(N = 283)

Survivor
(N = 265)

Non-survivor
(N = 18) p

Age (mean, y) 64.9 ± 17.7 63.7 ± 17.6 82.6 ± 8.3 < 0.001

Male sex (%) 132 (46.6) 124 (46.8) 8 (44.4) 0.847

Health care (%) 92 (32.5) 78 (29.4) 14 (77.8) < 0.001*

Length of hospital stay (mean ± SD, d) 17.5 ± 12.0 17.3 ± 11.8 20.9 ± 14.6 0.213

Patient symptoms (%)

  Fever(> 37.5°C) 68 (24.0) 61 (23.0) 7 (38.9) 0.127

  URI symptoms 96 (33.9) 91 (34.3) 5 (27.8) 0.789

  Extra URI symptoms 100 (35.3) 98 (37.0) 2 (11.1) 0.038*

Past history (%)

  Hypertension 119 (42) 107 (40.4) 12 (66.7) 0.029

  Hyperlipidemia 30 (10.6) 30 (11.3) 0 (0.0) 0.233*

  Diabetes mellitus 53 (18.7) 49 (18.5) 4 (22.2) 0.754

  CVA 31 (11.0) 28 (10.6) 3 (16.7) 0.429*

  Chronic kidney disease 8 (2.8) 8 (3.0) 0 (0.0) 1.000*

  Dementia 26 (9.2) 21 (7.9) 5 (27.8) 0.016*

  Cardiac history 27 (9.5) 26 (9.8%) 1 (5.6) 1.000*

  Mental retardation 5 (1.8) 5 (1.9) 0 (0.0) 1.000*

  Parkinson 8 (2.8) 7 (2.6) 1 (5.6) 0.413*

  Thyroid disease 8 (2.8) 7 (2.6) 1 (5.6) 0.413*

  Lung disease (e.g., COPD) 6 (2.1) 6 (2.3) 0 (0.0) 1.000*

  Cancer 13 (4.6) 13 (4.9) 0 (0.0) 1.000*

* Fisher exact test; Cancer = all of cancer history regardless of location.
COPD = chronic obstructive pulmonary disease; CRP = c-reactive protein; CT value = cycle threshold value; CVA = cerebrovascular accident; ECMO = extracorporeal 
membrane oxygenation; HFNC = high flow nasal cannula; ICU = intensive care unit; URI = upper respiratory infection.
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Total
(N = 283)

Survivor
(N = 265)

Non-survivor
(N = 18) p

Initial laboratory findings

  Hemoglobin (g/dL) 13.0 ± 1.8 13.0 ± 1.8 12.0 ± 1.6 0.022

 White blood cell (/uL) 5,615 ± 2,705 5,516 ± 2,570 7,291 ± 3,892 0.073

  Segment neutrophil (%) 66.4 ± 14.1 65.3 ± 13.6 84.0 ± 9.4 < 0.001

  Platelet (103/uL) 205 ± 81 208 ± 81.9 160 ± 58.8 0.015

 CRP (mg/dL) 1.09 (0.02-30.71) 2.94 (0.02-25.23) 11.37 (0.77-30.71) < 0.001

 Albumin (g/dL) 3.9 ± 0.5 4.0 ± 0.5 3.1 ± 0.5 < 0.001

  Creatinine (mg/dL) 0.69 (0.34-17.49) 0.92 (0.34-17.49) 0.90 (0.34-2.22) 0.955

  Blood urea nitrogen (mg/dL) 17.6 ± 11.2 16.7 ± 10.3 30.9 ± 15.4 0.001

  Ferritin (ng/mL) 222.6 (3.8-2598.7) 343.1 (3.8-2,565.7) 1035.6 (283.6-2598.7) < 0.001

  Procalcitonin (ng/mL) 0.08 (0.05-10.79) 0.02 ± 0.07 1.00 ± 2.52 < 0.001

  Procalcitonin > 0.05 (%) 47 (16.6) 34 (12.8) 13 (72.2) < 0.001

  Procalcitonin > 0.15 22 (7.8) 11 (4.2) 11 (61.1) < 0.001

CT value (mean)

  RdRp gene 21.34 ± 7.83 21.41 ± 7.76 20.41 ± 8.97 0.604

  E gene 21.23 ± 7.09 21.38 ± 7.00 18.95 ± 8.22 0.159

  N gene 14.79 ± 12.33 14.62 ± 12.31 17.33 ± 12.66 0.367

Treatment (%)

  Dexamethasone 100 (35.3) 89 (33.6) 11 (61.1) 0.018

  Remdesivir 58 (20.5) 49 (18.5) 9 (50.0) 0.001

  Antibacterial drug 112 (39.6) 95 (35.8) 17 (94.4) < 0.001*

  Norepinephrine use 11 (3.9) 5 (1.9) 6 (33.3) < 0.001

  HFNC 24 (8.5) 15 (5.7) 9 (50.0) < 0.001

  Mechanical ventilation 11 (3.9) 5 (1.9) 6 (33.3) < 0.001*

  ECMO 2 (0.7) 0 (0.0) 2 (11.1) 0.004*

  ICU admission 22 (7.8) 15 (5.7) 7 (38.9) < 0.001

* Fisher exact test; Cancer = all of cancer history regardless of location.
COPD = chronic obstructive pulmonary disease; CRP = c-reactive protein; CT value = cycle threshold value; CVA = cerebrovascular accident; ECMO = extracorporeal 
membrane oxygenation; HFNC = high flow nasal cannula; ICU = intensive care unit; URI = upper respiratory infection.

Table 1. Continued.

survivors, the average age of the non-survivors was significantly 
higher (63.7 ± 17.6 vs. 82.6 ± 8.3 years, p < 0.001), and the 
number of non-survivors transferred from healthcare centers 
was significantly higher (29.4% vs. 77.8%, p < 0.001). The 
percentage of patients with hypertension (40.4% vs. 66.7%; 
p = 0.029) and dementia (7.9% vs. 27.8%; p = 0.016) were 
significantly higher in the non-survivors. The survivor group 
had more non-respiratory symptoms (37% vs. 11.1%; p = 0.038). 
Factors significantly different between the 2 groups (survivor vs. 
non-survivor) in the initial laboratory tests were hemoglobin 
(13.0 ± 1.8 vs. 12.0 ± 1.6 g/dL; p = 0.022), segmental neutrophil 
ratio (65.3% ± 13.6% vs. 84.0% ± 9.4%; p < 0.001), platelets (208 

± 81.9 vs. 160 ± 58.8 × 103/µL; p = 0.015), CRP (2.94 vs. 11.37 
mg/dL; p < 0.001), albumin (4.0 ± 0.5 vs. 3.1 ± 0.5 g/dL; p < 
0.001), blood urea nitrogen (BUN); 16.7 ± 10.3 vs. 30.9 ± 15.4 
mg/dL; p = 0.001), ferritin (343.1 vs. 1,035.6 ng/mL; p < 0.001), 
and PCT (0.02 vs. 1.00 ng/mL; p < 0.001). Dexamethasone 
(33.6% vs. 61.1%; p = 0.018), remdesivir (18.5% vs. 50.0%; p 
< 0.001), and antibacterial agents (35.8% vs. 94.4%; p < 0.001) 
were administered more frequently to non-survivors. The rate 
of admission to the ICU was higher in the non-survivor group 
(5.7% vs. 38.9%; p < 0.001). A high-flow nasal cannula (p < 
0.001), mechanical ventilation (p < 0.001), and ECMO (p = 
0.004) were more commonly used in non-survivors (Table 1).
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3. Logistic regression analysis for mortality 
To determine the effect of an elevated PCT level (≥ 0.05 ng/mL) 

on mortality, a logistic regression model including age, PCT  
(≥ 0.05 ng/mL), use of remdesivir, use of dexamethasone, 
transfer from a healthcare center, hypertension, albumin levels, 
and use of antibacterial agents was constructed. It was confirmed 
that the model was valid by using the Hosmer-Lemeshow’s 
goodness-of-fit test (p = 1.000). Age [odds ratio (OR) = 1.145; 
95% confidence interval (CI) = 1.046-1.252; p = 0.003], use of 
dexamethasone (OR = 0.172; 95% CI = 0.033-0.905; p = 0.038), 
albumin levels (OR = 0.112; 95% CI = 0.025-0.492; p = 0.004), 
and use of antimicrobials (OR = 31.105; 95% CI = 2.462-392.931; 
p = 0.008) were determined as independent risk factors related 
to death (Table 2). An increase in PCT level was identified as 
a significant risk factor for mortality (OR = 6.162; 95% CI = 
2.285–26.322; p = 0.014). An increase in PCT level was also 
determined to be an independent risk factor associated with 
death (Table 2).

4. Performance of levels of PCT and other laboratory markers
When ROC curve analysis was performed to confirm the 

predictive power of PCT, the area under the curve (AUC) was 
0.823 (p < 0.001) and the cutoff value was 0.05 ng/mL (Figure 2). 
Sensitivity and specificity were 72.2% and 87.5%, respectively. 
The results of the ROC curve analysis for other biomarkers were 
as follows: CRP (AUC = 0.819; p < 0.001), segmental neutrophil 
ratio (AUC = 0.872; p < 0.001), ferritin (AUC = 0.873; p < 0.001), 
age (AUC = 0.837; p < 0.001), WBC (AUC = 0.630; p = 0.065), 
and BUN (AUC = 0.840; p < 0.001; Figure 3).

5. Comparison according to PCT level
A total of 236 patients (83.4%) had a PCT level < 0.05 ng/

mL, and 47 patients (16.6%) had an elevated PCT level (≥ 0.05 
ng/mL). Patients with elevated PCT levels were significantly 
older (p < 0.001), and the rates of admission to the ICU (4.2% 
vs. 25.5%; p < 0.001) and transfer from a healthcare center (27.5 
vs. 57.4%; p < 0.001) were also significantly higher. Laboratory 
findings showed that the segmental neutrophil ratio (p < 0.001), 
CRP level (p < 0.001), creatinine level (p = 0.019), BUN (p < 
0.001), and ferritin level (p < 0.001) were significantly higher 
in the elevated PCT group, and the platelet (p = 0.002) and 
albumin level (p < 0.001) were significantly lower. A higher 
proportion of patients with elevated PCT had a medical history 
of hypertension (39.4% vs. 55.3%; p = 0.044) and chronic renal 
failure rate (0.8% vs. 12.8%; p < 0.001) (Table 3). Treatment with 
dexamethasone (29.2% vs. 66.0%; p < 0.001), remdesivir (14.8% 
vs. 48.9%; p < 0.001), and antibacterial agents (33.5% vs. 70.2%; 
p < 0.001) was significantly higher in the elevated PCT group. 

Variables OR (95% CI) p

Age 1.145 (1.046-1.252) 0.003

Procalcitonin (≥ 0.05 ng/mL) 6.162 (2.285-26.322) 0.014

Dexamethasone 0.172 (0.033-0.905) 0.038

Albumin 0.112 (0.025-0.492) 0.004

Antibacterial drug 31.105 (2.462-392.931) 0.008

Hosmer-Lemeshow’s goodness-of-fit test 1.000

CI = confidence interval; OR = odd ratio.

Table 2. Logistic regression analysis of risk factors affecting mortality.

Figure 2. Receiver operating characteristic curves for procalcitonin levels 
between survivors and non-survivors. Procalcitonin area under the curve (AUC) 
= 0.823; cut-off value = 0.05; sensitivity = 72.2%, specificity = 87.5%, p < 0.001.

Figure 3. Receiver operating characteristics curves for other biomarkers between 
the survivors and non-survivors. CRP (ACU = 0.819, p < 0.001); Segment 
neutropil (AUC = 0.872, p < 0.001); Ferritin (AUC = 0.873, p < 0.001); Age 
(AUC = 0.837, p < 0.001); white blood cell (AUC = 0.630, p = 0.065); BUN (AUC 
= 0.840, p < 0.001).
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Table 3. Comparative analysis according to procalcitonin levels (reference 0.05 ng/mL).

PCT < 0.05 ng/mL 
(n = 236)

PCT ≥ 0.05 ng/mL 
(n = 47) p

Age (mean, y) 62.9 ± 17.9 74.9 ± 12.7 < 0.001

Male sex (%) 105 (44.5) 27 (57.4) 0.104

Health care (%) 65 (27.5) 27 (57.4) < 0.001

Patient symptoms (%)

  Fever (> 37.5°C) 55 (23.3) 13 (27.7) 0.523

  URI Sx. 85 (36.0) 11 (23.4) 0.128

  Extra URI Sx. 88 (37.3) 12 (25.5) 0.124

Past history (%)

  Hypertension 93 (39.4) 26 (55.3) 0.044

  Hyperlipidemia 27 (11.4) 3 (6.4) 0.437

  Diabetes mellitus 40  (16.9) 13 (27.7) 0.101

  CVA 27  (11.4) 4 (8.5) 0.798

  Chronic kidney disease 2 (0.8) 6 (12.8) < 0.001

  Dementia 18 (7.6) 8 (17) 0.053

  Cardiac history 22 (9.3) 5 (10.6) 0.786

  Lung disease (e.g., COPD) 6 (2.5) 0 (0.0) 0.594

Initial laboratory findings

  Hemoglobin (g/dL) 13.1 ± 1.7 12.4 ± 2.2 0.061

 White blood cell (/uL) 5,484 ± 2,553 6,362 ± 3,269 0.087

  Segment neutrophil (%) 64.6 ± 13.4 75.9 ± 13.9 < 0.001

  Platelet (103/uL) 211 ± 81 171 ± 77 0.002

  CRP (mg/dL) 0.85 (0.02-25.23) 7.43 (0.30-30.71) < 0.001

  Albumin (g/dL) 4.0 ± 0.5 3.4 ± 0.6 < 0.001

  Creatinine (mg/dL) 0.67 (0.34-2.66) 0.89 (0.34-17.49) 0.019

  Blood urea nitrogen (mg/dL) 15.2 ± 7.1 29.5 ± 18.6 < 0.001

  Ferritin (ng/mL) 186 (3.8-2565.7) 603.9 (56.0-2598.7) < 0.001

Treatment

  Dexamethasone 69 (29.2) 31 (66.0) < 0.001

  Remdesivir 35 (14.8) 23 (48.9) < 0.001

  Antibacterial drug 79 (33.5) 33 (70.2) < 0.001

  Norepinephrine use 5 (2.1) 6 (12.8) 0.004*

  HFNC 9 (3.8) 15 (31.9) < 0.001

  Mechanical ventilation 4 (1.7) 7 (14.9) < 0.001

  ECMO 0 2 (4.3) 0.027*

  ICU admission 10 (4.2) 12 (25.5) < 0.001

Clinical outcome

  Mortality (%) 5 (2.1) 13 (27.7) < 0.001

  Length of hospital stay (mean, d) 16.5 ± 11.5 23.1 ± 13.9 0.003

* Fisher exact test; Cancer = all of cancer history regardless of location.
COPD = chronic obstructive pulmonary disease; CRP = c-reactive protein; CT value = cycle threshold value; CVA = cerebrovascular accident; ECMO = extracorporeal 
membrane oxygenation; HFNC = high flow nasal cannula; ICU = intensive care unit; PCT = procalcitonin; Sx. = symptom; URI = upper respiratory infection.
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High-flow nasal cannula (3.8% vs. 31.9%; p < 0.001), mechanical 
ventilation (1.7% vs. 14.9%; p < 0.001), and ECMO (0% vs. 4.3%; 
p = 0.027) were also commonly used in the elevated PCT group 
(Table 3). The mortality rate (2.1% vs. 27.7%; p = 0.001) and 
length of hospital stay (16.5 ± 11.5 vs. 23.1 ± 13.9 days; p = 0.003) 
were also significantly higher in the elevated PCT group (Table 3).

Discussion

Multivariate analysis of mortality-related factors were 
performed to determine the usefulness of the level of PCT in 
patients with COVID-19 for predicting death. An increase in 
PCT level resulted in a high OR (6.599). These results were 
similar to those of a previous study of 1,527 COVID-19 patients 
(hazard ratio, 4.933] [19]. In addition, a previous study reported 
that PCT levels were low (≤ 1.00 ng/mL) in patients with viral 
pneumonia, including severe acute respiratory syndrome 
coronavirus-1 (SARS-CoV-1) infection, but increased in patients 
with bacterial and fungal pneumonia [19-23]. Considering that 
COVID-19 has a clinical picture similar to SARS-CoV-1, it 
may be inferred that coinfection with COVID-19 and bacteria 
may have occurred in patients with elevated PCT levels in this 
study. Several studies on COVID-19 have reported that the use 
of antimicrobials in patients without bacterial coinfection is 
associated with a worsening of the patient’s clinical outcome 
[19,24]. Recently, antiviral agents such as baricitinib and 
nirmatrelvir have been used, however, in the actual treatment 
of COVID-19 patients, dexamethasone, remdesivir, and 
monoclonal antibodies constitute the main axis, though most 
patients depend on symptomatic therapy. Therefore, determining 
the most appropriate use of antibacterial agents is important. 
Most studies and guidelines on the treatment of COVID-19 
recommend considering the use of antimicrobials depending on 
the severity of the disease [17,18,25-28]. In our institution, as 
per the guidelines, most clinicians prescribe antibacterial drugs 
according to the severity of the disease, and 34% of patients who 
did not have elevated PCT levels were administered antibacterial 
drugs.

In this study, the use of antibacterial drugs was identified 
as a factor that significantly increased the risk of death in 
multivariate analysis. Based on the increase in PCT levels and 
the use of antibacterial drugs, patients were classified into 4 
groups and comparatively analyzed. The mortality rate was 
higher when the PCT level was < 0.05 ng/mL, and antibacterial 
drugs were used than when PCT was < 0.05 ng/mL and no 
antibacterial drugs were used. In fact, the severity of disease was 
very high in the group that received antibacterial drugs (Table 
4). Improper selection and long-term use of antibacterial drugs 
are major causes of multidrug-resistant organisms, with 30-50% 
of antibacterial drug resistance cases due to the inappropriate 

use of antibacterial drugs, such as errors in drug selection 
or duration of use [29]. Multi-resistant bacterial infection is 
an important factor for poor prognosis and limits the choice 
of antibacterial agents [30]. Previous studies have reported 
that approximately 50% of COVID-19 patients who died had 
bacterial coinfections [22,31]. Antibacterial drugs are being used 
only for severely ill patients, following the recommendations for 
the use of antimicrobials in COVID-19 patients. If antibacterial 
drugs are used according to the severity of COVID-19, there 
is a possibility that antibacterial treatment may be delayed and 
the condition may worsen in patients with mild or moderate 
bacterial coinfection. 

In conclusion, the early detection and treatment of bacterial 
coinfections in COVID-19 is important. Therefore, antibacterial 
agents in COVID-19 patients should be used cautiously. 
Furthermore, checking the possibility of bacterial coinfection 
by measuring PCT before administration may be considered 
clinically effective. In this study and previous studies, the 
use of antibacterial drugs as a risk factor for poor prognosis 
is thought to be due to delays in therapy as well as selection 
bias in the present retrospective study. In previous studies 
and meta-analysis, PCT was analyzed as a predictive factor of 
mortality and severity [21,32-36]. In addition, in 1 study, PCT 
was analyzed as an important predictive factor of bacterial 
coinfection according to culture results [36]. However, in the 
previous studies, there was no case of analyzing the correlation 
between the use of antibacterial agents according to the PCT 
value. Even this current study is a single-center study, but 
this includes all patients from mild to severe. In addition, the 
independent effect of use of antibacterial agents on mortality 
was analyzed (Table 2), and the use of anti-bacterial agent 
according to the PCT value was also analyzed (Table 4). In 
27.5% of patients, antibacterial agent was used despite a PCT 
level of < 0.05 ng/mL, and in 4.9% of patients, antibacterial 
agent was not used even though the PCT level was ≥ 0.05 ng/
mL. Among patients with a PCT level of < 0.05 ng/mL, when 
compared according to whether antibacterial agents were used, 
there were significant differences in clinical outcomes such as 
ICU admission, length of hospital stay, and mortality between 
the 2 groups (supplement table). In addition, direct physical 
examination is limited because the treatment environment for 
COVID-19 follows the principle of minimum personnel and 
contact for the safety of medical staff. Considering these points, 
it is expected that it will be useful to some extent to measure the 
level of PCT and other biomarkers to determine whether to use 
or discontinue use of appropriate antibacterial drugs in patients 
with COVID-19. 

This study had several limitations. Firstly, this was a single-
institution, retrospective study. Antibacterial drugs were 
administered at the discretion of the clinician. Therefore, the 
criteria for moderate severity of COVID-19 symptoms were 
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Table 4. Subgroup analysis according to PCT value and antibiotic use.

PCT ≥ 0.05 
ng/mL

Anti (+)
(n = 33)

PCT ≥ 0.05 
ng/mL
Anti (-)
(n = 14)

PCT < 0.05 
ng/mL

Anti (+)
(n = 79)

PCT < 0.05 
ng/mL
Anti (-)

(n = 157)

p

Age (mean, y) 76.0 ± 12.5 72.2 ± 13.2 69.0 ± 16.9 59.9 ± 17.7 < 0.001

Male sex (%) 16 (48.5) 11 (78.6) 38 (48.1) 67 (42.7) 0.077

Health care (%) 19 (57.6) 8 (57.1) 35 (44.3) 30 (19.1) < 0.001

Patient symptoms (%)

Fever (> 37.5°C) 10 (30.3) 3 (21.4) 17 (21.5) 38 (24.2) 0.792

  URI Sx. 8 (24.2) 3 (21.4) 23 (29.1) 62 (39.5) 0.148

  Extra URI Sx. 10 (30.3) 2 (14.3) 23 (29.1) 65 (41.4) 0.074

Past history (%)

  Hypertension 18 (54.5) 8 (57.1) 39 (49.4) 54 (34.4) 0.03

  Hyperlipidemia 1 (3.0) 2 (14.3) 8 (10.1) 19 (12.1) 0.46

  Diabetes mellitus 6 (18.2) 7 (50.0) 19 (24.1) 21 (13.4) 0.004

  CVA 2 (6.1) 2 (14.3) 14 (17.7) 13 (8.3) 0.12

  Chronic kidney disease 5 (15.2) 1 (7.1) 1 (1.3) 1 (0.6) < 0.001

  Dementia 3 (9.1) 5 (35.7) 10 (12.7) 8 (5.1) 0.001

  Cardiac history 3 (9.1) 2 (14.3) 11 (13.9) 11 (7.0) 0.348

  Lung disease (e.g., COPD) 0 (0) 0 (0) 1 (1.3) 5 (3.2) 0.541

Initial laboratory findings

  Hemoglobin (g/dL) 12.1 ± 2.0 13.1 ± 2.4 13.0 ± 1.7 13.1 ± 1.7 0.037

  White blood cell (103/uL) 7.03 ± 3.49 4.79 ± 2.03 6.04 ± 3.42 5.20 ± 1.93 0.011

  Segment neutrophil (%) 79.3 ± 10.9 67.9 ± 17.2 69.8 ± 13.9 61.9 ± 12.4 0.016

  Platelet (103/uL) 173.2 ± 83.2 164.6 ± 64.4 214.6 ± 102.0 210.4 ± 67.6 < 0.001

 CRP (mg/dL) 10.14 ± 8.08 5.58 ± 5.28 4.35 ± 4.92 1.45 ± 2.80 < 0.001

 Albumin (g/dL) 3.26 ± 0.55 3.61 ± 0.58 3.76 ± 0.52 4.13 ± 0.39 < 0.001

 Creatinine (mg/dL) 1.80 ± 2.72 2.11 ± 4.45 0.75 ± 0.37 0.71 ± 0.22 0.081

 Blood urea nitrogen (mg/dL) 30.15 ± 16.57 27.92 ± 23.23 17.45 ± 8.33 14.07 ± 6.07 < 0.001

  Ferritin (ng/mL) 728.37 ± 552.28 748.74 ± 578.47 429.85 ± 432.22 261.70 ± 350.30 < 0.001

Treatment

  Dexamethasone 24 (72.7) 7 (50.0) 42 (53.2) 27 (17.2) < 0.001

  Remdesivir 18 (54.5) 5 (35.7) 30 (38.0) 5 (3.2) < 0.001

  Norepinephrine use 6 (18.2) 0 (0) 5 (6.3) 0 (0) < 0.001

  HFNC 15 (45.5) 0 (0) 9 (11.4) 0 (0) < 0.001

  Mechanical ventilation 7 (21.2) 0 (0) 4 (5.1) 0 (0) < 0.001

  ECMO 2 (6.1) 0 (0) 0  (0) 0 (0) 0.002

  ICU admission 11 (33.3) 1 (7.1) 9  (11.4) 1 (0.6) < 0.001

Clinical outcome

  Mortality (%) 12 (36.4) 1 (7.1) 5 (6.3) 0 (0) < 0.001

  Length of hospital stay (mean, d) 24.2 ± 13.9 20.4 ± 13.9 22.4 ± 12.7 13.3 ± 9.1 < 0.001

All of cancer history regardless of location.
COPD = chronic obstructive pulmonary disease; CRP = c-reactive protein; CT value = cycle threshold value; CVA = cerebrovascular accident; ECMO = extracorporeal 
membrane oxygenation; HFNC = high flow nasal cannula; ICU = intensive care unit; PCT = procalcitonin; Sx. = symptom; URI = upper respiratory infection.
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unclear. Secondly, a small number of COVID-19 patients were 
included in the study, and because the mortality rate was not 
high, the number of deaths in the patient group was small (18), 
which means that the statistical power was weak. Despite these 
limitations, this study is meaningful in that it demonstrates the 
usefulness of the level of PCT in predicting bacterial coinfection 
in COVID-19 patients and determining whether antibacterial 
drugs should be used. A larger prospective study is needed to 
confirm these findings in the future.

Supplementary Material

Supplementary material is available at https://www.jacs.or.kr. 
(doi; https://doi.org/10.17479/jacs.2022.12.2.53)

Acknowledgments

This study received research funding from the National Health 
insurance Service Ilsan Hospital.

Author Contributions

Conceptualization: JYJ. Methodology: JYJ and SHL. Formal 
investigation: JYJ and SHL, TYC, JML, KYL and, KHP. Data 
analysis: SHL, JYJ, TYC, and JML. Writing original draft: SHL, 
Writing - review and editing: SHL, JYJ, TYC, JML, KYL, and 
KHP 

Conflicts of Interest

Ji Young Jang has been the associate editor of Journal of Acute 
Care Surgery since March 2017, but had no role in the decision 
to publish this Original Article. No other potential conflict of 
interest relevant to this article was reported.

Ethical Statement

This study was approved by the institutional review board 
of the National Health Insurance Service Ilsan Hospital and 
complied with the Declaration of Helsinki (NHIMC no.: 2021-
03-009). This study was conducted retrospectively, and informed 
consent was waived. All personally identifiable information was 
collected anonymously.

Data Availability

All relevant data are included in this manuscript.

References

	 [1]	� World Health Organization [Internet]. WHO Coronavirus (COVID-19) 

Dashboard. Available from: https://covid19.who.int/.
	 [2]	� Callaway E. Delta coronavirus variant: Scientists brace for impact. Nature 

2021;595(7865):17-8.
	 [3]	� Lopez Bernal J, Andrews N, Gower C, Gallagher E, Simmons R, Thelwall S, et 

al. Effectiveness of Covid-19 Vaccines against the B.1.617.2 (Delta) Variant. N 
Engl J Med 2021;385(7):585-94.

	 [4]	� Centers for Disease control and Prevention [Internet]. Delta Variant: 
What we know about the science. Available from: https://www.cdc.gov/
coronavirus/2019-ncov/variants/delta-variant.html.

	 [5]	� Gallo Marin B, Aghagoli G, Lavine K, Yang L, Siff EJ, Chiang SS, et al. 
Predictors of COVID-19 severity: A literature review. Rev Med Virol 
2021;31(1):1-10.

	 [6]	� Hu H, Du H, Li J, Wang Y, Wu X, Wang C, et al. Early prediction and 
identification for severe patients during the pandemic of COVID-19: A severe 
COVID-19 risk model constructed by multivariate logistic regression analysis. 
J Glob Health 2020;10(2):020510.

	 [7]	� Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, 
Transmission, Diagnosis, and Treatment of Coronavirus Disease 2019 
(COVID-19): A Review. JAMA 2020;324(8):782-93.

	 [8]	� Stasi C, Fallani S, Voller F, Silvestri C. Treatment for COVID-19: An overview. 
Eur J Pharmacol 2020;889:173644.

	 [9]	� Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl J Med 
2020;383(25):2451-60.

	[10]	� Pierrakos C, Vincent JL. Sepsis biomarkers: A review. Crit Care 2010;14(1):R15. 
	[11]	� Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci 2013;50(1):23-36.
	[12]	� Reingardiene D. [Procalcitonin as a marker of the systemic inflammatory 

response to infection]. Medicina (Kaunas) 2004;40(7):696-701. [in Lithuanian].
	[13]	� Hesselink DA, Bosmans-Timmerarends H, Burgerhart JS, Petit PL, van 

Genderen PJ. Procalcitonin as a Biomarker for a Bacterial Infection on Hospital 
Admission: A Critical Appraisal in a Cohort of Travellers with Fever after a 
Stay in (Sub) tropics. Interdiscip Perspect Infect Dis 2009;2009:137609.

	[14]	� Sager R, Kutz A, Mueller B, Schuetz P. Procalcitonin-guided diagnosis and 
antibiotic stewardship revisited. BMC Med 2017;15(1):15.

	[15]	� Langford BJ, So M, Raybardhan S, Leung V, Westwood D, MacFadden DR, et 
al. Bacterial co-infection and secondary infection in patients with COVID-19: 
A living rapid review and meta-analysis. Clinical microbiology and infection: 
Eur J Clin Microbiol Infect Dis 2020;26(12):1622-9.

	[16]	� Majumder J, Minko T. Recent Developments on Therapeutic and Diagnostic 
Approaches for COVID-19. AAPS J 2021;23(1):14.

	[17]	� Sieswerda E, de Boer MGJ, Bonten MMJ, Boersma WG, Jonkers RE, Aleva RM, 
et al. Recommendations for antibacterial therapy in adults with COVID-19 - An 
evidence based guideline. Clinical microbiology and infection: Eur J Clin Microbiol 
Infect Dis 2021;27(1):61-6.

	[18]	� Lansbury L, Lim B, Baskaran V, Lim WS. Co-infections in people with 
COVID-19: A systematic review and meta-analysis. J Infect 2020;81(2):266-75.

	[19]	� Liu ZM, Li JP, Wang SP, Chen DY, Zeng W, Chen SC, et al. Association of 
procalcitonin levels with the progression and prognosis of hospitalized patients 
with COVID-19. Int J Med Sci 2020;17(16):2468-76.

	[20]	� Rat P, Olivier E, Dutot M. SARS-CoV-2 vs. SARS-CoV-1 management: 
Antibiotics and inflammasome modulators potential. Eur Rev Med Pharmacol 
Sci 2020;24(14):7880-5.

	[21]	� Lippi G, Plebani M. Procalcitonin in patients with severe coronavirus disease 
2019 (COVID-19): A meta-analysis. Clin Chim Acta 2020;505:190-1.

	[22]	� Mirzaei R, Goodarzi P, Asadi M, Soltani A, Aljanabi HAA, Jeda AS, et al. 
Bacterial co-infections with SARS-CoV-2. IUBMB Life 2020;72(10):2097-111.

	[23]	� Chua AP, Lee KH. Procalcitonin in severe acute respiratory syndrome (SARS). 
J Infect 2004;48(4):303-6.

	[24]	� Cheng K, He M, Shu Q, Wu M, Chen C, Xue Y. Analysis of the Risk Factors 
for Nosocomial Bacterial Infection in Patients with COVID-19 in a Tertiary 
Hospital. Risk Manag Healthc Policy 2020;13:2593-9.

	[25]	� National Institute for Health and Care Excellence [Internet]. COVID-19 rapid 
guideline: Managing COVID-19. London (UK): National Institute for Health 
and Care Excellence; 2021. Avialable from: https://www.nice.org.uk/guidance/
ng191.

	[26]	� Rochwerg B, Agarwal A, Siemieniuk RA, Agoritsas T, Lamontagne F, Askie L, 
et al. A living WHO guideline on drugs for covid-19. BMJ 2020;370:m3379.

	[27]	� World Health Organization. Update to living WHO guideline on drugs for 
covid-19. BMJ  2021;374:n1703

	[28]	� Huang DT, Yealy DM, Filbin MR, Brown AM, Chang CH, Doi Y, et al. 
Procalcitonin-Guided Use of Antibiotics for Lower Respiratory Tract Infection. 
N Engl J Med 2018;379(3):236-49.

J Acute Care Surg 2022;12(2):53-62

https://www.jacs.or.kr


62

	[29]	� Ventola CL. The antibiotic resistance crisis: Part 1: Causes and Threats. P T 
2015;40(4):277-83.

	[30]	� Ventola CL. The antibiotic resistance crisis: Part 2: Management strategies and 
new agents. P T 2015;40(5):344-52.

	[31]	� Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk 
factors for mortality of adult inpatients with COVID-19 in Wuhan, China: A 
retrospective cohort study. Lancet 2020;395(10229):1054-62.

	[32]	� Melo AKG, Milby KM, Caparroz ALMA, Pinto ACPN, Santos RRP, Rocha 
AP, et al. Biomarkers of cytokine storm as red flags for severe and fatal 
COVID-19 cases: A living systematic review and meta-analysis. PLoS One 
2021;16(6):e0253894.

	[33]	� Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al. Prognostic value of interleukin-6, 
C-reactive protein, and procalcitonin in patients with COVID-19. J Clin Virol 
2020;127:104370.

	[34]	� Pink I, Raupach D, Fuge J, Vonberg RP, Hoeper MM, Welte T, et al. C-reactive 
protein and procalcitonin for antimicrobial stewardship in COVID-19. 
Infection 2021;49(5):935-43.

	[35]	� Shen Y, Cheng C, Zheng X, Jin Y, Duan G, Chen M, et al. Elevated 
Procalcitonin Is Positively Associated with the Severity of COVID-19: A Meta-
Analysis Based on 10 Cohort Studies. Medicina (Kaunas) 2021;57(6):594.

	[36]	� Heesom L, Rehnberg L, Nasim-Mohi M, Jackson AIR, Celinski M, Dushianthan 
A, et al. Procalcitonin as an antibiotic stewardship tool in COVID-19 patients 
in the intensive care unit. J Glob Antimicrob Resist 2020;22:782-4.

S. Lee et al / Procalcitonin in Predicting COVID-2019 Outcome


