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Abstract. – OBJECTIVE: The coagulopathies 
that present with COVID-19 are thrombotic mi-
croangiopathy and disseminated intravascular 
coagulopathy (DIC). Procalcitonin (PCT) levels 
have been shown to be significantly increased 
in COVID-19 patients in comparison with healthy 
subjects/asymptomatic coronavirus-positive pa-
tients. In this report, our aim was to assess the 
associations of the PCT level with DIC and the 
severity of COVID-19 infection.  

PATIENTS AND METHODS: In this cross-sec-
tional, retrospective study, 71 consecutive pa-
tients with severe COVID-19 (21 with DIC and 50 
without DIC) were enrolled in the study. The PCT 
level was obtained from hospital records.  

RESULTS: The PCT level was significantly 
higher in the patients with DIC than in those 
without DIC [1.9 (0.6-14.5) vs. 0.3 (0.2-0.4) (ng/
mL), p<0.01]. The PCT level showed a positive 
and significant correlation with DIC (r=0.382, 
p=0.001) and was an independent predictor of 
DIC in patients with severe COVID-19 (OR: 6.685, 
CI: 1.857-24.063, p<0.01).  

CONCLUSIONS: In summary, the PCT level 
was increased in severe COVID-19 patients with 
DIC compared with those without DIC. An in-
creased PCT level might suggest the presence 
of DIC and may help in predicting COVID-19 se-
verity. 
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Introduction

Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV2), which causes Coronavirus 
disease 2019 (COVID-19), progressed from an ep-
idemic in Wuhan, China, into a global pandemic1. 
Although COVID-19 causes primarily upper re-

spiratory tract infections, over the initial months, 
the clinical outcomes/manifestations have changed 
drastically. There have been increasing numbers of 
severe cases with systemic abnormalities, including 
organ dysfunction, thrombosis, and even death2,3. 
Coagulopathy, which is common in COVID-19 pa-
tients, is one of the most adverse prognostic signs 
of severe COVID-19 infection and is associated 
with increased mortality4,5. COVID-19-associated 
coagulopathy consists of thrombotic microangi-
opathy and disseminated intravascular coagulopa-
thy (DIC), which affects bodily function in severe 
cases. Some of the most common coagulopathic 
findings in these patients are an increased D-di-
mer level, reduced platelet count, and sustained 
prothrombin time (PT). The International Society 
on Thrombosis and Hemostasis (ISTH) supports 
D-dimer, platelet count, and PT assessments in 
COVID-19 patients.

DIC is associated with the formation of system-
ic fibrin, which results from increased thrombin 
expression, concomitant physiological anticoag-
ulant suppression, and dysfunctional fibrinoly-
sis6. Reduced platelet counts, sustained PT, and 
increased D-dimer levels are diagnostic of DIC in 
sepsis7. DIC development was reported a median 
of 4 days (range, 1-12 days) after hospital admis-
sion in COVID-19 patients5. Wu et al8 evaluated 
acute respiratory disease syndrome (ARDS) re-
lated factors in COVID-19 patients and suggested 
that DIC-associated difficulties may contribute to 
death independently from ARDS. Tang et al5 re-
ported more frequent deterioration of coagulation 
parameters in severe COVID-19 patients. They 
also confirmed DIC in 71.4% of severe COVID-19 
patients and 0.6% of asymptomatic subjects. 

Procalcitonin (PCT), the precursor of cal-
citonin, is generally expressed and secreted by 
thyroid parafollicular C cells. However, it is also 
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induced by bacterial infections in extrathyroidal 
tissues9. PCT has been shown to be induced by 
bacterial and viral infections differentially and 
has been used to distinguish these infections11. 
In healthy subjects, circulating PCT is general-
ly undetectable10. Higher PCT levels in critical 
COVID-19 patients may be suggestive of a bac-
terial infection, which complicates the course of 
COVID-19. PCT levels were found to be increased 
in critical compared with severe COVID-19 pa-
tients4. In a retrospective cohort of 191 COVID-19 
patients12, the fatal cases had higher PCT and in-
terleukin-6 levels compared with the non-fatal 
cases. Moreover, a meta-analysis (of four stud-
ies)13 demonstrated that an increased PCT level 
was independently linked to severe COVID-19 
infection. 

The objective of this study was to assess the 
link between PCT and DIC in fatal COVID-19 
cases and to determine whether the PCT level 
predicts the development of DIC in these cases.

Patients and Methods

The study used a cross-sectional, observation-
al design. From April 2020 to June 2020, a total of 
71 consecutive fatal COVID-19, 21 with DIC [DIC 
(+)] and 50 without DIC [DIC (−)] patients were 
admitted to the ICU and enrolled in the study. 
Real-Time Reverse-Transcription Polymerase 
Chain Reaction (RT-PCR) was performed on na-
sal swabs from these patients who complained of 
COVID-19-related symptoms, including cough, 
fever, shortness of breath, gastrointestinal illness, 
or fatigue, or who had clinician concerns or known 
exposure to a coronavirus-positive patient. Ac-
cording to the WHO, the diagnosis of COVID-19 
was determined using RT-PCR. Critical illness 
was defined as those who needed admittance to 
the ICU, needed mechanical ventilation, or died. 
Severe status was defined by the following: respi-
ratory distress, respiratory rate ≥ 30 times/min-
ute, below resting state, oxygen saturation ≤ 93%, 
and oxygen partial pressure (PaO2)/oxygen con-
centration (FiO2) in arterial blood ≤ 300 mmHg. 

Electronic health records were used to obtain 
information on age, sex, medical history (e.g., hy-
pertension, diabetes mellitus, atrial fibrillation, 
chronic kidney disease, or coronary artery dis-
ease), and any previous pulmonary disease. We 
also obtained information on current medication 
usage and in-hospital complications (e.g., ARDS, 
pneumonia, acute kidney failure, myocardial in-

jury, pulmonary embolism, and multiple organ 
dysfunction scores). Scoring for compensated and 
overt DIC endorsed by the ISTH should be used 
for DIC detection14. 

Serological specimens were obtained on ad-
mission and sent to the laboratory for analysis. 
Blood was collected in EDTA tubes and analyzed 
using an automatic blood counter. Hematological 
factors were examined using the LH 780 analyzer 
(Beckman Coulter, Inc., Brea, CA, USA). Glu-
cose, creatinine, sodium, potassium, and CRP 
levels were measured using commercial kits on 
the Architect c8000 Chemistry System (Abbott 
Diagnostics, Wiesbaden, Germany). Troponin I 
and D-dimer levels were evaluated using an im-
munoassay analyzer (AQT90 FLEX; Radiometer, 
Copenhagen, Denmark). The PCT level was mea-
sured using the Roche electrochemiluminescence 
method. The study was approved by the Internal 
Review Board of our center and was performed 
under the Ethical Standards of the Declaration of 
Helsinki.

Statistical Analysis
Data were examined using SPSS software v25.0 

for Windows (Armonk, NY, USA). The Kolmogor-
ov-Smirnov test was used to determine the pres-
ence of a normal distribution of the continuous 
variables. Variables with a normal distribution are 
expressed as means ± standard deviation, whereas 
those with a non-normal distribution are expressed 
as medians with interquartile ranges. Categorical 
variables are expressed as percentages. Group dif-
ferences were assessed using Student’s unpaired 
t-test or the Mann-Whitney U test. The frequencies 
of nominal variables were compared using Fish-
er’s exact test or the Chi-square test. Pearson’s and 
Spearman’s tests were used for correlation analy-
ses. Multivariate logistic regression was used to 
determine independent predictors of DIC. A p-val-
ue < 0.05 was considered significant. 

Results

The clinical and demographic characteris-
tics of the 71 fatal COVID-19 cases are shown 
in Table I. No significant differences were found 
between groups in terms of age, sex, or hospital 
stay length. The medical histories of the patients 
and prior drug use were similar between the 
two groups. In-hospital multiple organ dysfunc-
tion syndromes were more common in the DIC 
(+) group compared with the DIC (−) group (p < 
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0.01). Pulmonary embolism was observed in five 
patients in the DIC (+) group. No differences were 
observed in the rate of ARDS, acute kidney fail-
ure, or myocardial injury between groups. 

The biochemical and hematological param-
eters of the patients are shown in Table II. The 
PCT level was significantly increased in the DIC 
(+) group compared with the DIC (−) group [1.9 
(0.6-14.5) vs. 0.3 (0.2-0.4) (ng/mL), p < 0.01] (Fig-
ure 1). Moreover, DIC (+) patients had a higher 
CRP level compared with DIC (−) patients [188 
(112-250) vs. 101 (63-166) (mg/L), p < 0.01]. Oth-
er biochemical parameters were similar between 
the groups. The white blood cell count was high-
er, and the hemoglobin level lower in the DIC 
(+) group compared with the DIC (−) group. The 
neutrophil count was similar between the groups, 
whereas the lymphocyte count was lower in the 
DIC (+) group compared with the DIC (−) group. 
DIC (+) patients had higher platelet levels, and 
a longer activated partial thromboplastin time 
(APTT) compared with DIC (−) patients. Howev-
er, the PT and international normalized ratio were 
similar between the groups. Although no differ-

ence in the D-dimer level was found between the 
groups, the DIC (+) patients had a higher fibrino-
gen level than that in the DIC (−) patients. 

Table III presents the correlations between the 
PCT level and clinical parameters. There was an 
inverse correlation between the PCT level and 
platelet count (r = −0.265, p = 0.03). Moreover, the 
PCT level was positively and significantly cor-
related with DIC (r = 0.382, p = 0.001). Multivari-
ate logistic regression analyses of the associations 
between DIC and multiple parameters are shown 
in Table IV. PCT (OR: 6.685, CI: 1.857-24.063, p 
< 0.01) was found to be an independent predictor 
of DIC in fatal COVID-19 cases.

Discussion

We found higher PCT levels in fatal COVID-19 
cases with DIC (+) compared with severe 
COVID-19 cases without DIC. A significant posi-
tive correlation was found between the PCT level 
and DIC, and PCT was an independent predictor 
of DIC, in the fatal COVID-19 cases. 

Table I. The demographic and clinical data of the study population.

DIC, Disseminated intravascular coagulation; COPD, Chronic obstructive pulmonary disease; ACE, Angiotensin-converting 
enzyme; ARB, Angiotensin receptor blocker; CCB, Calcium channel blocker; ARDS, Acute respiratory disease syndrome. 
MODS, Multiple organ dysfunction syndrome.

 Total (n=71) DIC (-) (n=50) DIC (+) (n=21) p-value

  Age. years 69.3±11.4 69.4±11.1 68.5±12.1 0.51
  Gender; male, n (%) 37 (52) 28 (56) 11 (55) 0.78
  Hospitalization, days 11 (1-28) 11 (6-15) 11 (3-18) 0.57
Previous medical history    
  Diabetes mellitus, n (%) 28 (40) 21 (42) 7 (33) 0.49
  Hypertension, n (%) 43 (60) 33 (66) 10 (48) 0.14
  Coronary artery disease, n (%) 21 (30) 16 (32) 5 (24) 0.49
  Atrial fibrillation, n (%) 5 (7) 4 (8) 1 (5) 0.62
  COPD, n (%) 12 (17) 8 (16) 4 (9) 0.75
  Chronic kidney failure, n (%) 8 (11) 6 (12) 2 (10) 0.76
Medication    
  Beta-blocker, n (%) 23 (32) 18 (36) 5 (24) 0.32
  ACE inhibitor, n (%) 16 (22) 11 (22) 5 (24) 0.86
  ARB, n (%) 15 (21) 13 (26) 2 (10) 0.12
  CCB, n (%) 23 (32) 17 (34) 6 (29) 0.65
  Acetylsalicylic acid, n (%) 18 (25) 13 (26) 5 (24) 0.84
  Oral antidiabetic, n (%) 27 (38) 20 (40) 7 (33) 0.59
  Insulin, n (%) 9 (13) 8 (16) 1 (5) 0.19
In hospital complications    
  ARDS, n (%) 61 (86) 41 (82) 20 (95) 0.14
  Pneumonia, n (%) 60 (84) 43 (86) 17 (81) 0.59
  Acute kidney failure, n (%) 23 (32) 12 (24) 11 (52) 0.02
  Myocardial injury, n (%) 26 (37) 16 (32) 10 (48) 0.21
  Pulmonary embolism, n (%) 5 (7) - 5 (24) 
  MODS, n (%) 21 (30) 10 (20) 11 (52) <0.01
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Abnormalities in coagulation parameters are 
generally observed in severe COVID-19 infec-
tion, with a higher D-dimer level being the most 
frequently observed15. Coagulation abnormalities 
are linked to a higher mortality rate of severe 
COVID-1916. Generally, COVID-19-associated 
coagulation disorders are characterized by low-
grade DIC and pulmonary thrombotic microan-
giopathy17. Tang et al5 evaluated the coagulation 
parameters of 183 patients with novel coronavirus 

pneumonia; patients with fatal COVID-19 had 
higher levels of D-dimers and fibrin degrada-
tion products and prolonged PT and APTT upon 
admittance compared with those with non-fatal 
COVID-19 (p < 0.05). Those authors also showed 
that increased D-dimer and fibrin degradation 
product levels are common in patients with fatal 
COVID-19. These findings suggest the presence 
of a common coagulation activation pathway and 
secondary hyperfibrinolysis condition in patients 
with fatal COVID-195. Zhou et al12 showed that 
COVID-19 patients with an increased D-dimer 
level (> 1 mg/L) at admission to the hospital had 
an 18-fold greater risk of mortality (95% CI 2.6-
128.6; p = 0.0033). Furthermore, increased PT 
and D-dimer levels have been linked to ARDS 
in COVID-19 cases. Some authors reported simi-

Table II. Laboratory parameters of study population.

DIC, Disseminated intravascular coagulation; WBC, White blood cell count; aPTT, activated partial thromboplastin time; INR, 
International normalized ratio. 

 Total (n=71) DIC (-) (n=50) DIC (+) (n=21) p-value

Biochemical    
  Sodium (mEq/L) 141.6±10.1 137 (134-144) 141 (138-151) 0.05
  Potassium (mEq/L) 4.2±0.8 4.2 (3.8-4.7) 3.9 (3.4-4.8) 0.20
  Serum glucose (mg/dl)  142 (109-237) 130.5 (111.3-182.8) 199 (87-313) 0.07
  Urea (mg/dl)  61 (40-112) 58 (37-106) 80 (52-148) 0.08
  Creatine (mg/dl)  1.1 (0.7-1.8) 1.1 (0.7-1.7) 1.6 (0.8-2.3) 0.16
  C-reactive protein (mg/L)  113 (69-210) 101 (63-166) 188 (112-250) <0.01
  Procalcitonin (ng/mL) 0.4 (0.2-1.2) 0.3 (0.2-0.4) 1.9 (0.6-14.5) <0.01
  Creatine kinase MB (ng/mL) 2.7 (1.4-7.3) 2.6 (1.1-5.6) 4 (2-15) 0.11
  Troponin (ng/mL)  78 (40-280) 97 (46-351) 65 (30-115) 0.21
Hematologic    
  WBC (10^3/µL) 7.7 (5.4-12.0) 7.9 (5.7-13.0) 16.8 (12.9-20.8) <0.01
  Hemoglobin (g/dL) 11.1±2.3 11.7 (10.4-13.3) 9 (8-11) <0.01
  Neutrophil. 10^3/µL  6.3 (4.1-10.9) 6.5 (4.3-11.1) 5.9 (2.1-9.8) 0.29
  Lymphocyte. 10^3/µL  0.9 (0.5-1.2) 0.9 (0.7-1.3) 0.5 (0.2-1.1) <0.01
  Platelet (10^3/µL)  149 (100-231) 201 (125-240) 86 (15-137) <0.01
  Prothrombin time (sec) 13.5±2.5 13 (12-14) 14 (12-16) 0.06
  aPTT (sec) 29 (26-34) 28 (25-30) 35 (28-49) <0.01
  INR (mg/L)  1.3 (1.1-1.4) 1.3 (1.1-1.4) 1.3 (1.2-1.6) 0.06
  D-Dimer (ng/mL) 3220 (1820-4760) 2580 (1824-4202) 4570 (1710-5500) 0.12
  Fibrinogen 271±46 258±40 300±50 0.01

Figure 1. Meta-analysis of treatment withdrawal for algi-
nate + PPI vs. PPI.

Table III. Correlation between the procalcitonin and clinical 
parameters. 

 p r

Platelet 0.03 -0.265
D-Dimer  0.25 0.137
Prothrombin time  0.40 0.101
International normalized ratio 0.44 0.094
Disseminated intravascular 0.001 0.382
 coagulation
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lar platelet counts at admission between severe and 
non-severe COVID-19 patients8,16. In this study, we 
reported higher platelet counts at hospital admission 
in fatal DIC (+) compared with fatal DIC (−) cases. 

Sepsis, a common cause of DIC, may be 
linked to viral infections. In viral infections, an 
antigen-antibody complex is formed, resulting in 
generalized endothelial capillary infection, septic 
coagulopathy, uncontrolled release of pro-inflam-
matory cytokines, widespread activation of the 
blood coagulation system, and DIC development. 
It was reported18 that 2.5% of SARS patients had 
DIC complications, which were often associated 
with mortality. COVID-19 infection worsens DIC 
complications5,19. Moreover, patients with fatal 
COVID-19 generally have been documented to 
have DIC complications. A previous study5 found 
that 71.4% of fatal and 0.6% of non-fatal patients 
with COVID-19-related pneumonia developed 
DIC during their hospital stay. On the other hand, 
Deng et al15 reported that 6.4% of COVID-19 pa-
tients had DIC. 

The circulating PCT level is generally normal 
in patients with viral infections, whereas an in-
creased level generally suggests a bacterial su-
perinfection20. PCT can be used to differentiate 
bacterial and viral infections. Higher PCT levels 
in critical patients are suggestive of a bacterial in-
fection concurrent with severe COVID-19. 

Generally, patients with mild COVID-19, com-
pared with severe COVID-19, have lower PCT lev-
els21. Lippi and Plebani13 reported that increased 
PCT levels were associated with severe COVID-19 
infection. Liu et al22 evaluated 141 COVID-19 pa-
tients retrospectively and reported increased PCT 
levels (> 0.07 ng/mL) at hospital admission in those 
with severe compared with mild COVID-19. Zhou 
et al23 demonstrated significantly higher PCT lev-
els in patients with critical compared with severe 
COVID-19. Furthermore, Guan et al4 showed that 
PCT and CRP were significantly increased in se-
vere COVID-19 compared to non-severe infec-

tions. Those authors also proposed that increased 
PCT levels were associated with ICU admission, 
need for mechanical ventilation, and mortality. 
Wang et al16 evaluated 138 COVID-19 patients re-
ported a threefold greater risk of hospitalization in 
the ICU in patients with higher versus lower PCT 
levels (75% vs. 22%; p < 0.001). Moreover, Lippi et 
al13 showed that an advanced surge in PCT expres-
sion may be a predictor of worse outcomes.

In this study, fatal COVID-19 patients with 
DIC presented with higher PCT and CRP levels 
compared with those without DIC. The increased 
PCT level may be associated with a concur-
rent bacterial infection in these patients. There-
fore, antibiotic therapy should be considered in 
COVID-19 patients with higher PCT levels and 
white blood cell counts. We also speculated that 
bacterial superinfection might contribute to DIC 
positivity in patients with severe COVID-19. 

Administration of prophylactic doses of 
low-molecular-weight heparin (LMWH) is the 
only treatment for COVID-19-associated micro-
angiopathy. Heparin or LMWH therapy reduces 
the mortality rate of severe COVID-19. All severe 
COVID-19 cases are treated with LMWH unless 
there is a contraindication (active bleeding, plate-
let count < 25,000, intolerance to LMWH). It has 
been shown that LMWH therapy significantly 
reduces the COVID-19-related mortality rate in 
severe patients with DIC (+) and high D-dimer 
levels. Furthermore, COVID-19 patients with ele-
vated D-dimer levels had lower mortality rates af-
ter receiving heparin compared with no heparin24. 

Limitations

This study was limited by the relatively small 
number of patients, which was due to the sin-
gle-center study design. The relatively small num-
ber of patients might have decreased the strength 
of the results and conclusions obtained from this 

Table IV. Multivariate logistic regression analyses of disseminated intravascular coagulation.

                            95%CI

 p-value Odds ratio Lower Upper

C-reactive protein 0.32 0.995 0.985 1.005
Troponin I 0.45 1.000 0.999 1.001
Procalcitonin <0.01 6.685 1.857 24.063
Diabetes mellitus 0.99 0.988 0.202 4.837
Hypertension 0.56 1.617 0.327 8.001
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study. Furthermore, because our patients included 
only those with fatal COVID-19 infections, our 
findings cannot be generalized to patients who 
survive COVID-19. Another limitation was the 
lack of data on fibrin degradation product levels, 
which are not measured in our hospital. Despite 
these limitations, our study provides significant 
results to aid future studies on PCT levels in fatal 
COVID-19 cases. 

Conclusions

In summary, we found increased PCT levels 
in severe COVID-19 DIC (+) compared with DIC 
(−) cases. Further, we demonstrated that a higher 
PCT level might suggest DIC positivity and help 
predict the severity of COVID-19. Early diag-
nosis of DIC and identification of a higher PCT 
level might guide therapy in severe COVID-19 
patients.
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