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a b s t r a c t 

Coronavirus disease 2019 (COVID-19), caused by infection with severe acute respiratory syndrome coro- 

navirus 2 (SARS-CoV-2), has been declared a pandemic. This study analysed 95 SARS-CoV-2-infected pa- 

tients, including 62 moderate COVID-19 patients, 21 severe COVID-19 patients and 12 critical COVID-19 

patients (6 patients died, all critical). The results showed that the mean serum procalcitonin (PCT) lev- 

els were over four times higher in severe patients than in moderate patients and were over eight times 

higher in critical patients than in moderate patients. For discharged patients, both high-normal PCT lev- 

els and abnormal PCT levels decreased during recovery. However, in death cases, serum levels of PCT 

increased as the disease worsened. We demonstrate that PCT may be an indicator of disease severity in 

COVID-19 and may contribute to determining the severity of patients infected with SARS-CoV-2. More- 

over, serial PCT measurements may be useful in predicting the prognosis. 

© 2020 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

1

 

s  

s  

r  

7  

(  

d  

t  

w  

o

 

m  

P  

[  

a  

t  

H

a

C

s  

t  

t

2

2

 

m  

2  

U  

c  

p  

n  

P  

l  

o  

h

0

. Introduction 

Coronavirus disease 2019 (COVID-19), caused by infection with

evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has

pread rapidly throughout more than 200 countries, areas or ter-

itories [1] . SARS-CoV-2 is a novel positive-sense RNA virus with

9% homology with severe acute respiratory syndrome coronavirus

SARS-CoV) and 50% homology with Middle East respiratory syn-

rome coronavirus (MERS-CoV) [2] , however it is far more infec-

ious than either. As of 24 May 2020, a total of 5 103 006 people

ere confirmed to have had COVID-19 and ~333 401 deaths have

ccurred [1] . COVID-19 has become a pandemic. 

Procalcitonin (PCT) is the 116-amino acid precursor of the hor-

one calcitonin. Recently, several studies reported that elevated

CT levels are positively associated with the severity of COVID-19

3–6] . A meta-analysis also demonstrated that increased PCT values

re related to an ~5-fold higher risk of severe SARS-CoV-2 infec-

ion [7] . In order to improve the diagnosis to distinguish between
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evere/critical patients and moderate patients with COVID-19 and

o better predict the prognosis, the aim of this study was to inves-

igate the role of changes in PCT values. 

. Materials and methods 

.1. Study design and participants 

This retrospective cohort study initially enrolled 95 patients

eeting the inclusion criteria from 30 January 2020 to 17 March

020 from the Union Hospital of Tongji Medical College, Huazhong

niversity of Science and Technology (Wuhan, China). The in-

lusion criteria were as follows: adult patients (males and non-

regnant females) with laboratory-confirmed COVID-19. The diag-

ostic criteria of COVID-19 were based on the New Coronavirus

neumonia Prevention and Control Program (6th edition) pub-

ished by the National Health Commission of the People’s Republic

f China [8] . Written informed consent was waived by the Ethics

ommission of the designated hospital due to the emergency situ-

tion of COVID-19. 

.2. Definitions 

According to the New Coronavirus Pneumonia Prevention and

ontrol Program (6th edition) [8] , COVID-19 is classified into four
nder the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.ijantimicag.2020.106051
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2020.106051&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yinmingzhu2008@126.com
mailto:chenxiangck@126.com
https://doi.org/10.1016/j.ijantimicag.2020.106051
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 R. Hu, C. Han and S. Pei et al. / International Journal of Antimicrobial Agents 56 (2020) 106051 

Fig. 1. Procalcitonin (PCT) levels in COVID-19 patients. (A) PCT values of patients ( n = 95) with differing severity of COVID-19. Data are the mean ± standard deviation. ∗

P < 0.5; ∗∗ P < 0.01; ∗∗∗∗ P < 0.0 0 01 [compared by analysis of variance (ANOVA)]. (B) Serial PCT values for COVID-19 patients who were discharged ( n = 32) (high-normal 

and abnormal PCT values). ∗∗∗∗ P < 0.0 0 01 (tested by Wilcoxon rank-sum test). (C) Serial PCT values for discharged COVID-19 patients with PCT > 0.1 ng/mL within 3 days of 

admission ( n = 14). ∗∗∗ P < 0.001 (tested by Wilcoxon rank-sum test). (D) Serial PCT values of COVID-19 patients who died ( n = 6). ∗ P < 0.05 (tested by Wilcoxon rank-sum 

test). 
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types, namely mild, moderate, severe, and critical pneumonia.

Mild pneumonia represents asymptomatic infection or mild clin-

ical symptoms without abnormal chest imaging findings. Moder-

ate pneumonia is defined as having both clinical symptoms and

abnormal chest imaging findings. Patients are diagnosed as hav-

ing severe pneumonia when the disease progresses to meet any of

the following criteria: (i) significantly increased respiration rate of

≥30 breaths/min; (ii) oxygen saturation ≤93% in resting state; or

(iii) PaO 2 /FiO 2 (partial pressure of oxygen/fraction of inspired oxy-

gen) ≤300 mmHg (1 mmHg = 0.133 kPa). Critical pneumonia oc-

curs when the disease progresses rapidly with any of the following

conditions: (i) respiratory failure requiring mechanical ventilation;

(ii) shock; or (iii) other organ failure requiring intensive care unit

admission for monitoring and treatment. 

Fever was defined when the axillary temperature was ≥37.5 °C.

The length of hospital stay was recorded. Bacterial infection was

defined according to clinical symptoms, increased white blood cell

(WBC) count, PCT or C-reactive protein (CRP) levels, and positive

results of bacterial culture. 

2.3. Data collection 

Demographic, clinical and laboratory data were obtained from

electronic medical records using a data collection form. Chemilu-

minescence was used to measure the PCT concentration. 

2.4. Statistical analysis 

Continuous variables with a normal distribution are expressed

as the mean ± standard deviation and were compared by analysis

of variance (ANOVA). Continuous data with a skewed distribution

were compared with the Wilcoxon rank-sum test. Categorical vari-

ables are summarised as counts (percentages). All analyses were

performed with IBM SPSS Statistics v.23 (IBM Corp., Armonk, NY,

USA). A P -value of < 0.05 was considered statistically significant. 

3. Results 

A total of 95 COVID-19 patients (39 male and 56 female) were

included in the study. According to their severity of pneumonia on
dmission to hospital, they were classified into three groups as fol-

ows: moderate, n = 62; severe, n = 21; and critical, n = 12. The

verall mean age was 57.6 ± 14.7 years. The mean age was 54.2 ±
5.0 years in the moderate group, 65.0 ± 10.3 years in the severe

roup and 62.2 ± 14.7 years in the critical group. Approximately

ne-third of the patients had underlying diseases (36; 37.9%), in-

luding hypertension (27; 28.4%), diabetes (13; 13.7%), cardiovas-

ular disease (8; 8.4%), hyperlipidaemia (1; 1.1%), cerebrovascular

isease (1; 1.1%), chronic obstructive pulmonary disease (COPD) (1;

.1%) and hepatitis B virus infection (1; 1.1%). There was no history

f other diseases in these patients. 

Clinical symptoms of the patients on admission in the three

roups are compared in Supplementary Table S1. The most com-

on symptoms at illness onset were fever (68/95; 71.6%), dry

ough (54/95; 56.8%) and dyspnoea (48/95; 50.5%); less com-

on symptoms were fatigue (32/95; 33.7%), expectoration (26/95;

7.4%), nausea (14/95; 14.7%), myalgia (14/95; 14.7%), vomiting

11/95; 11.6%), diarrhoea (9/95; 9.5%), dizziness (7/95; 7.4%), sore

hroat (5/95; 5.3%), headache (3/95; 3.2%) and abdominal pain

2/95; 2.1%). The mean length of hospital stay was 16.8 ± 8.8 days.

Laboratory data within 3 days of admission demonstrated that

he mean serum PCT levels were 0.05 ± 0.05 ng/mL in the moder-

te group ( n = 62), 0.23 ± 0.26 ng/mL in the severe group ( n = 21)

nd 0.44 ± 0.55 ng/mL in the critical group ( n = 12) ( Fig. 1 A). To-

al serum levels of PCT increased as the disease worsened ( P <

.05). A total of 38 patients (32 discharged cases and 6 deaths)

ad serial PCT values measured (within 3 days of admission, dur-

ng the hospital stay and within 7 days before hospital discharge)

 Fig. 1 B,D). Results for the 32 discharged patients showed that the

erum PCT levels decreased during recovery and there was a sig-

ificant difference between levels within 3 days of admission and

ithin 7 days before hospital discharge ( Fig. 1 B). Among them, the

CT levels of 14 patients were > 0.1 ng/mL within 3 days of admis-

ion, which decreased significantly during recovery ( Fig. 1 C). In-

erestingly, most (5/6; 83.3%) of the second PCT values measured

n the death cases decreased slightly after the patients were ad-

itted and received treatment. However, the third PCT value mea-

ured all increased significantly again (6/6; 100%) ( Fig. 1 D). It then

ontinuously increased as the disease worsened in the death cases
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 P < 0.05) ( Fig. 1 D). The WBC count was normal in 66/93 cases

71.0%), decreased in 16/93 cases (17.2%) and increased in 11/93

ases (11.8%). The neutrophil count was decreased in 10/93 cases

10.8%) and increased in 19/93 cases (20.4%). Other laboratory find-

ngs are shown in Supplementary Table S2. 

In addition, most patients were administered antiviral therapy,

lucocorticoid therapy and oxygen therapy (Supplementary Table

1). 

. Discussion 

Here we report on 95 patients with laboratory-confirmed SARS-

oV-2 infection in Union Hospital of Tongji Medical College. A to-

al of 62 moderate COVID-19 patients, 21 severe COVID-19 patients

nd 12 critical COVID-19 patients were included in the study. Of

he 95 patients in this cohort, 6 (6.3%) died (all critical patients). 

PCT, which is the 116-amino acid precursor of the hormone cal-

itonin, is normally synthesised and released by thyroid parafollic-

lar C cells. However, it can also be synthesised in many extrathy-

oid tissues during bacterial infection, which is mediated by in-

reased concentrations of tumour necrosis factor-alpha (TNF α) and

nterleukin 6 [9] . Recently, several studies reported that elevated

CT is positively associated with the severity of COVID-19 [3–6] .

 meta-analysis also demonstrated that increased PCT values are

elated to an ~5-fold higher risk of severe COVID-19 [7] . 

This study further classified severe infections into severe pa-

ients and critical patients. The results showed that mean serum

CT levels were approximately four times higher in severe patients

han in moderate patients and approximately eight times higher

n critical patients than in moderate patients. PCT levels appeared

o be disease severity-dependent and may be associated with bac-

erial co-infection, as the co-infection rate was close to the rate

f elevated PCT levels in patients with moderate disease severity

~10%). Notably, the co-infection rates were only 20% and 50% in

evere and critical patients, respectively, whereas the rates of ele-

ated PCT were 50% and 80%, respectively. 

In addition, a recent study hypothesised that a progressive in-

rease in PCT levels may predict a worse prognosis [10] . A total of

8 patients who had serially measured PCT values were included

n the current study, of whom 32 were discharged from hospital

nd 6 died. For the 32 discharged patients, both high-normal and

bnormal PCT levels decreased during recovery. However, for the 6

eath cases, serum PCT levels increased as the disease worsened.

hese results demonstrate that serial PCT measurements can pre-

ict the prognosis of COVID-19 patients. 

. Conclusion 

This study demonstrates that PCT may be an indicator of dis-

ase severity and may contribute to determining the severity of

atients with COVID-19. In addition, serial PCT measurements may
e useful in predicting the prognosis. Additional investigation is

eeded to further illustrate the mechanisms by which increased

CT is synthesised and released in patients infected with SARS-

oV-2. 
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