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Abstract: Background: There is increasing evidence supporting a central role of the viral-induced
hyper-inflammatory immune response in the pathogenesis of COVID-19. Serum procalcitonin (PCT) is
an emerging prognostic marker in coronavirus disease 2019 (COVID-19). The aim of this study was to
investigate the relationship between serum procalcitonin and clinical severity and outcomes in patients
with coronavirus disease 2019 (COVID-19).

Materials and Methods: Hematological and biochemical parameters were evaluated in patients with
COVID-19 infection from February to April 2020 at Hajar Hospital in the Shahrekord University of
Medical Science, Shahrekord, Iran.
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significantly different between the two moderate and severe groups, and the mean of procalcitonin
level in COVID-19 patients with severe disease was higher (0.36 ng/mL) compared with the patients
with moderate disease, and its level was found to be >5 ng/mL in 14.2% of5 ng/mL in 14.2% of pa-
tients in the former group.
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Conclusion: PCT may be a marker of disease severity in COVID-19 and may contribute to determin-
ing the severity of patients infected with SARS-CoV-2. Moreover, serial PCT measurements may be
beneficial in predicting the prognosis.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) is defined as an
illness caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) [1]. It was first reported in Decem-
ber 2019 in Wuhan, China, and has spread globally since
then, resulting in an ongoing pandemic [2].

Although most patients have mild symptoms and a good
prognosis, the disease symptoms may deteriorate rapidly. It
may present with Acute Respiratory Distress Syndrome
(ARDS) and systemic inflammation [3, 4]. These patients
usually need oxygen therapy and even ventilation assistance
in the ICU. Despite intensive care measures, unfortunately,
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the mortality rate reaches as high as 60.5% in the severe
form, i.e., ARDS [3, 5].

Thus, to make a rapid assessment to assist clinical deci-
sions, it is important to assess prognostic factors and evalu-
ate the disease severity. Several laboratory tests have been
suggested as prognostic factors, including viral load, lactic
acid, lymphocyte count, CRP, IL — 6, IL-10, and procalci-
tonin [6, 7].

Procalcitonin (PCT) is a prohormone of calcitonin syn-
thesized by thyroid neuroendocrine cells, but its biological
function is different from calcitonin. Procalcitonin has
emerged as a promising marker for identifying and moni-
toring patients with suspected and proven bacterial infec-
tions from other causes of infection or inflammation.
Hence, PCT can serve as a helpful adjunct to determine
clinical severity and to assess the response to antibiotic
therapy [4]. Its normal level is quite low and is considered
to be <0.1 ng/mL in healthy individuals [5]. Its synthesis is
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greatly up-regulated in the presence of bacterial infection
or cytokines, including IL-6. A Procalcitonin plasma level
of 0.2 ng/mL is a useful cut-off to rule out sepsis and sys-
temic inflammation [5]. The effect of viral infection on
procalcitonin contrasts with that of bacterial infections.
Procalcitonin production is inhibited by interferon y pro-
duced by T helper cells in viral infections [8, 9]. There-
fore, elevated levels of serum procalcitonin have been pro-
posed as a diagnostic biomarker to distinguish between
bacterial and viral infections and is a prognostic marker
and mortality index in sepsis [10]. Procalcitonin (PCT)
testing on admission seems to be a valuable additional
price of information to aid in early risk assessment and
rule out bacterial co-infections in COVID-19 patients [11].

However, the value of procalcitonin plasma level in dis-
ease classification and prognosis remains undetermined.
Therefore, this study was conducted to investigate the level
of procalcitonin in COVID-19 patients in order to evaluate
its prognostic value.

2. MATERIALS & METHODS

This observational study was carried out on adults >18
years of age who presented with COVID-19 infection from
February through April 2020 admitted to Hajar Hospital in
the Shahrekord University of Medical Science, Shahrekord,
Iran, having a definite COVID-19 diagnosis due to a posi-
tive real-time  reverse-transcriptase—polymerase-chain-
reaction (RT-PCR) assay on their nasopharyngeal swab
specimens. Patients with chronic disease (hepatic or renal
dysfunction) and cancer were excluded.

The clinical outcomes (such as mortality, organ injury,
discharges) were monitored up to discharge or the death of
patients up to April 26, 2020. The categories of the severity
of the COVID-19 infection were according to the WHO-
China joint mission. Mild: laboratory-confirmed, without
pneumonia and imaging manifestations; Moderate: laborato-
ry-confirmed and with fever, or respiratory tract infection
symptoms and imaging indicating pneumonia; Severe: res-
piratory frequency >30 beats per minute (bpm), dyspnea,
oxygen saturation (Sp0O2) <93%, PaO2/FiO2 ratio less than
300 mm Hg, lung infiltration>50% of the lungs on imaging.
The patients within this group require ICU admission.

Demographic data were collected from electronic medi-
cal records, including sex, age, duration of hospitalization,
and initial symptoms. The serum levels of calcium, Hemo-
globin (HGB), Hematocrit (HCT), white blood cell (WBC),
procalcitonin, and the lowest O2 saturation within 24 hours
of admission were recorded. Although most data were ex-
tracted from electronic medical records, data on PCT were
required for research purposes while these tests had not been
performed for clinical purposes. These tests were performed
using serum samples of patients who were systematically
stored and then remained after diagnostic procedures. There-
fore, there was no need to repeat the venipuncture and blood
collection so that the patients were not embarrassed or pre-
sented additional risk or harm for research purposes. Conse-
quently, implied consent of the patients obtained in clinical
assessments has been assumed for this reuse. In addition, to
protect the confidentiality and privacy of individuals, strate-
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gies such as coding during registry and data analysis have
been used.

The data were summarized as percentages and frequen-
cies for categorical variables and Means + SD for continu-
ous ones. Differences between variables among groups were
analyzed using an independent sample T-test and chi-square
test, if applicable. Logistic regression was used to calculate
the odds ratios (OR) with confidence intervals at 95% for
categorical outcomes. Analysis was performed by SPSS
version 23 and STATA version 0.05, and statistical signifi-
cance was defined as p < 0.05.

3. RESULTS

A total of 90 patients with confirmed COVID-19 were
enrolled in this study. The mean age of patients was 55.3
years, and 54 (60%) were male. Of these patients, 49 (54.4%)
were classified as severe. 15 (16.7%) of the patients died; all
of them were in the severely affected group of COVID-19
patients. Selected Characteristics of the patients are shown in
Table 1. The mean serum procalcitonin level of COVID-19

Table 1.  Selected characteristics of COVID-19 patients.
Parameter Mean = SD / N (%)
Respiratory rate 21.8+£5.9
Temperature 37.8938 £+ .77400
O2SAT 8611
Dyspnea 73.5
Cough 83.1
Death 15
ICU admission 21

patients was 0.24 + 0.55. Overall, 49 patients of 90 patients
enrolled in the study were classified as severe (54.4%). We
had no patient belonging to the mild group. Total lymphocyte
counts, albumin, calcium, and creatinine levels had a signifi-
cant difference between the two moderate and severe groups
(Table 2). A ROC curve was used to assess the associations
between serum procalcitonin and severity. Optimal cut-off
points of serum procalcitonin values were derived from the
ROC curves and are shown in Fig. (1). Evaluating the correla-
tions between age and the value of Immunoglobulins, a direct
association was observed between IgG and age (Pearson Cor-
relation= 0.3 and p-value= 0.01), whereas age and IgM were
not associated with each other’s (Pearson Correlation= 0.16
and p-value= 0.2). However, regarding the absolute values for
Ig tests, significant differences were observed; the mean se-
rum IgM in severe patients was 6.1, while this value in mod-
erate patients was 2.2 (p <0.001). Also, the mean of IgG was
significantly more in severe patients than moderate ones (13.8
vs. 7.5, p-value <0.001). Regarding the rate of positive Im-
munoglobulins, there was no significant difference between
severe and moderate groups. In the severe group, 94.7%
patients had positive IgM, while this value was 85.7%% in
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Table 2. Some characteristics of COVID-19 patients based on clinical severity.
Moderate (n=41) Severe (n=49) p-Value
Variable Mean + SD /N (%) Mean = SD /N (%)
Age (year) 49.7+15.5 60.2+16.8 0.003
Hospitalization (day) 6.4+2 8.5£3.4 0.001
Respiratory rate 19.5+43 23.5£6.9 0.001
02 saturation 91.545 82.1£12.4 0.001
White Blood Cell 6719.5+3526.2 7834.7+5266.2 0.235
Lymphocyte 1312.2+554.6 1022.9+584.9 0.018
Hemoglobin (g/dL) 14.1+£1.8 13.9+£2.05 0.702
Albumin (g/dL) 3.9+0.4 3.6£0.5 0.010
Calcium (mg/dL) 8.6+£0.4 7.84+0.6 0.001
BUN (mg/dL) 14.1£6.9 18.6+12.2 0.034
Creatinine (mg/dL) 0.78+0.15 0.98+0.47 0.007
Sodium (mmol/L) 137.8+2.6 136.543.6 0.053
Potassium (mmol/L) 4.1240.4 4.05+0.4 0.362
Procalcitonin (ng/mL) 0.0654+0.066 0.3661+0.686 0.007

Statistical significance at P < 0.05.
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Fig. (1). ROC curve for the associations between serum procalci-
tonin and severity in patients with Covid-19 (area under the curve:
0.718). (A4 higher resolution / colour version of this figure is availa-
ble in the electronic copy of the article).

moderate group (p-value= 0.34). Also, 91.7% had positive
IgG in the severe group, while this value was 91% in the
moderate group (p-value= 0.4). Fifty-seven patients from 91
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patients had a report for IgM and IgG serologic tests for
COVID _19. For 87.7% of the patients, both tests were posi-
tive; For 8.8% of patients, both tests were negative; 3.5% had
the positive result for IgG and negative result for IgM. The
mean values of Immunoglobulins were not significantly dif-
ferent between two gender groups of patients; the values for
IgM were 4.9 in males vs. 4.3 in females (p-value=0.5); those
values for IgG were 1232 vs. 10.26, respectively (p-
value=0.2).

4. DISCUSSION

The frequency of raised (>0.5 ng/mL) procalcitonin level
in COVID-19 patients at admission in this study was 10 %,
and the average level was 0.2 ng/mL, while the mean level
of procalcitonin in severe patients was 0.37 ng/mL. Hu ef al.
reported the mean range of procalcitonin in severe COVID-
19 patients 0.5 ng/ml [11]. In a cohort study on 1099 Chi-
nese COVID-19 patients, this frequency has also been re-
ported as 5.5 %, and most COVID -19 patients had a procal-
citonin level below 0.2 ng/mL [8, 12]. A meta-analysis also
demonstrated that increased PCT values are related to an
~5-fold higher risk of severe COVID-19.

In this study, all patients with moderate disease severity
and absence of adverse outcomes such as ICU admission,
the requirement for mechanical ventilation, or death had low
procalcitonin levels with an average mean of about 0.06
ng/mL. This finding was similar to the previous viral epi-
demics such as influenza H;N;, SARS, and MERS, in which
the procalcitonin level was usually low (< 0.5 mg/L) in 96
% of hospitalized patients with pure viral infections [13,
14]. We found that the mean of the serum procalcitonin lev-
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el in COVID-19 patients with severe disease was high (0.36
ng/mL) compared to the patients with moderate disease, and
its level was found to be more than 5 ng/mL in 14.2% of
patients in the former group. This difference in the procalci-
tonin level between the two severe and moderate groups was
statistically significant. Several Studies from China have
reported elevated procalcitonin levels (>0.5 ng/mL) in 6-
30% of patients with COVID-19, and two of them correlat-
ed the procalcitonin level with the severity of disease or the
risk of death [15, 16]. Therefore, performing this test at the
time of admission appears to provide additional information
to assess the early risk, and procalcitonin level monitoring
can be helpful in diagnosing disease progression at an early

stage. 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. In terms of mortali-
ty, 57.1% of patients with high levels of procalcitonin (>0.5
ng/mL) died while 145.% of patients with low levels of
procalcitonin died (OR= 7.85, 95% CI: 1.5-41.1, P-
value=0.015).

Some additional laboratory findings and clinical assess-
ments are used to evaluate the risk of severity and progres-
sion as well as monitoring therapeutic intervention such as
lymphocyte count and IL-6, IL-10 [6]. In this study, total
lymphocyte counts, albumin, calcium, and creatinine levels
had a significant difference between the two moderate and
severe groups. Hypocalcemia is common in critically ill
patients. The causes of hypocalcemia include over secretion
of PTH, Vit D deficiency, decreased dietary intake, hypo-
proteinemia, hypomagnesemia drug interactions, and so on
[17]. Hypocalcemia was defined as a serum calcium level
less than 2.2 mmol/L in our clinical laboratory. This means
that patients with lower total lymphocyte counts, albumin,
and calcium levels and higher creatinine levels at the time of
admission have a worse prognosis. Other laboratory abnor-
malities findings in severe COVID-19 patients includ-
ed hypoalbuminemia,  lymphopenia, and  elevation
of inflammatory  mediators (CRP, PCT, and IL-6)
and concentrations of D-dimer [18-20]. These laboratory
abnormalities are similar to previously published articles.
Renal compromise and its effect on vitamin-D production
and renin-angiotensin-aldosterone axis may implicitly justi-
fy lower calcium and potassium levels in severe cases with
the higher creatinine level. Therefore, it can be considered a
predisposing factor for the severe form of the disease. Addi-
tionally, albumin is a negative acute-phase reactant, and its
lower level seems logical in patients with severe disease.
Our study has several weaknesses: first, because of our
small sample size, our results may be difficult to interpret,
and the accuracy should be confirmed by large-scale clinical
prospective studies. Secondly, because the study was not
based on pathophysiological models, further research is
needed to establish the exact relationship between PCT level
and severity by more basic experiments. Furthermore, our
findings may not be representative of other areas of Iran or
other countries.

CONCLUSION

In spite of the several limitations, the results of this
study showed that PCT may be an indicator of disease se-
verity and may contribute to determining the severity of
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patients with COVID-19. In addition, initially elevated PCT
levels may be used as a prompt prognosticator of critical-
ness, deteriorating clinical picture, and even mortality in
COVID-19. However, additional investigation is needed to
expansively evaluate the prognostic utility of PCT.
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