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Objectives: In this study, we aimed to determine the correlation between procalcitonin (PCT) levels and 

clinical outcomes including in-hospital mortality, intensive care unit (ICU) length of stay, and hospital 

length of stay in patients hospitalized with COVID-19. 

Methods: Clinical, laboratory, and demographic data of 223 patients who met inclusion criteria were 

analyzed. PCT measurements of 0.25 ng/mL and 0.50 ng/mL were used to stratify patients into 2 mutually 

exclusive groups. 

Results: Patients with PCT above 0.25 ng/mL on admission had significantly elevated Acute Physiology 

and Chronic Health Evaluation II scores (9 vs 8; P = 0.042) and C-reactive proteins levels (111 μg/mL 

vs 79 μg/mL; P = 0.007). A multivariable binary logistic regression model demonstrated no relationship 

between PCT and mortality (OR = 1.00; 95% Cl: 0.97 to 1.02; P = 0.713). Kaplan-Meier analysis revealed 

no statistical evidence of a difference between PCT groups and hospital length of stay (P = 0.144 for 

0.25 ng/mL, P = 0.368 for 0.50 ng/mL) or intensive care unit length of stay (P = 0.986 for 0.25 ng/mL, 

P = 0.771 for 0.50 ng/mL). 

Conclusions: Elevated PCT levels were associated with severity of illness but did not correlate with in- 

hospital mortality, hospital length of stay, or ICU length of stay. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

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

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The COVID-19 pandemic has led to more than 249,743,428 con- 

rmed cases, including 5,047,652 deaths worldwide as of Novem- 

er 8, 2021. Early identification of patients at risk for severe 

utcomes is crucial in the management of this disease. Previous 

tudies have demonstrated that specific inflammatory, biochemi- 

al, and immunological biomarkers are of prognostic value in pa- 

ients infected with SARS-CoV-2 ( Liu et al., 2020 , Ponti et al., 2020 ,

u et al., 2020 , Zhang et al., 2020 , Ji et al., 2020). A meta-analysis

y Tjendra et al. (2020) concluded elevated white blood cell count; 
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ymphopenia; reduced CD3, CD4, or CD8 T-lymphocyte counts; 

igh neutrophil count; and thrombocytopenia were associated 

ith severe disease and the risk of developing sepsis with rapid 

rogression. Another meta-analysis by Figliozzi et al. (2020) stud- 

ed the association of 18 factors with a composite outcome of 

eath, severe presentation, hospitalization in the intensive care 

nit, and/or mechanical ventilation. Elevated procalcitonin (PCT) 

as 1 of these factors with an odds ratio of 4.8. 

PCT is a peptide typically produced by the parafollicular cells 

f the thyroid in healthy individuals. In the setting of bacterial in- 

ection, an inflammatory cascade triggers extra-thyroidal produc- 

ion of PCT from adipocytes and the neuroendocrine cells of the 

ungs and intestine. In contrast, viral infection leads to an increase 

n interferon gamma, which inhibits the formation of PCT. This 

echanism makes PCT a useful biomarker to differentiate systemic 

nflammation resulting from bacterial origin compared with vi- 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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al origin in cases of community-acquired pneumonia and sepsis 

 Lee, 2013 ). However, PCT levels have been found to be elevated 

n patients with COVID-19 and have been widely used to monitor 

isease severity in critically ill patients. 

The purpose of this study was to retrospectively determine the 

orrelation of PCT in patients hospitalized with COVID-19 with 

linical outcome including in-hospital mortality. Additionally, a 

econdary aim was to determine if elevated PCT affects intensive 

are unit or hospital length of stay. 

aterials and Methods 

A total of 402 consecutive adult patients aged 19 years and 

lder with positive COVID-19 PCR testing were admitted to hos- 

itals within our health system from March 1, 2020, until July 10, 

020. Patients were excluded if they were younger than 19 years, 

id not have positive COVID-19 PCR testing, or were admitted out- 

ide of the dates above. PCT levels were measured in 223 of these 

atients during hospitalization, and this subset of patients was 

sed for our analysis. There was no formal policy within our in- 

titution regarding PCT measurement in patients with COVID-19. In 

eneral, PCT was measured at least once in these patients upon ad- 

ission, and repeat measurement was obtained if there was con- 

ern for new infection. All patients included in the study received 

ntimicrobial therapy. Length of therapy was subject to whether 

he clinician believed there was concurrent bacterial infection. 

Baseline patient characteristics including age, biological sex, 

ace, and comorbid conditions such as coronary artery disease, hy- 

ertension, malignancy, obesity, asthma, chronic obstructive pul- 

onary disease, and diabetes were recorded. Data from hospital- 

zation including PCT level, CRP level, lactate dehydrogenase (LDH), 

erritin, and Acute Physiology and Chronic Health Evaluation II 

APACHE II) scores on admission were collected. Finally, clinical 

utcomes including in-hospital mortality, length of hospitalization, 

nd intensive care unit (ICU) length of stay were collected. 

A PCT measurement of 0.25 ng/mL was used to stratify patients 

nto 2 mutually exclusive groups. Comparisons of patients in the 

 groups were made with the Mann-Whitney test for continuous 

ariables and the chi-square or Fisher exact test on the basis of 

xpected frequencies for discrete variables. Subsequently, a PCT of 

.50 ng/mL was used and similar comparisons were conducted. 

ontinuous variables are presented as median and interquartile 

ange (IQR), whereas categorical variables are presented as count 

nd percent. 

Multivariable binary logistic regression models were used to in- 

estigate in-hospital mortality. The Pearson correlation coefficient 

as examined for each pairwise comparison of continuous vari- 

bles to verify multicollinearity. Variables were selected for in- 

lusion into the multivariable model on the basis of the Gini in- 

ex calculated using random forests with 10 0 0 classification trees. 

urthermore, the investigation of higher-order nonlinear terms for 

ach continuous variable was examined with LOESS methods. Fit 

f the final multivariable model was evaluated using the c-statistic 

ie, area under the curve generated by receiver operating charac- 

eristics [ROC] curve). SAS v. 9.4 was used for all analyses; P < 0.05 

ndicated statistical significance. Kaplan-Meier analyses were used 

o examine hospital length of stay and intensive care unit length 

f stay used death as the censoring event. 

esults 

A total of 223 patients met the inclusion criteria (shown in 

able 1 ). Median age (95% confidence interval [CI]) was 63 years 

52–75 years) with majority (52.5%) of patients as female. In- 

ospital mortality was 14% in our area of the country. Clinical and 

emographic factors were stratified by PCT measurements of 0.25 
48 
g/mL (shown in Table 2) and 0.50 ng/mL (shown in Table 3). Pa- 

ients with PCT above 0.25 ng/mL were significantly more likely to 

ave chronic kidney disease at baseline (21.3% vs 8.8%; P = 0.009) 

nd significantly elevated APACHE II scores (9 vs 8; P = 0.042) and 

RP levels (111 μg/mL vs 79 μg/mL; P = 0.007) at hospital admis- 

ion. Upon stratification via the 0.50 ng/mL point, only CRP levels 

131 μg/mL vs 82 μg/mL; P = 0.010) retained statistical signifi- 

ance between groups. 

Results of a multivariable binary logistic regression model for 

n-hospital mortality demonstrated no relationship between PCT 

nd mortality (OR = 1.00; 95% Cl: 0.97 to 1.02; P = 0.713). How- 

ver, the model demonstrated that every additional 10 years of 

ge was associated with significantly increased odds of mortality 

OR = 2.42; 95% CI: 1.59 to 4.09; P < 0.001) after adjusting for all

ther variables. The ROC curve provided statistical evidence that 

he model could predict mortality events (AUC = 0.88; 95% CI: 0.80 

o 0.96). 

Results of the Kaplan-Meier analysis showed no statistical evi- 

ence of a difference between PCT groups with regard to hospital 

ength of stay ( P = 0.144 for 0.25 ng/mL, P = 0.368 for 0.50 ng/mL,

hown in Figs. 1 , 2 ) or intensive care unit length of stay ( P = 0.986

or 0.25 ng/mL, P = 0.771 for 0.50 ng/mL, shown in Figs. 3 , 4 ). 

iscussion/Conclusion 

On the basis of this retrospective analysis of patients within 

ur health system who were hospitalized early in the COVID-19 

andemic, elevated PCT level on hospital admission was associated 

ith chronic kidney disease, elevated APACHE II score, and CRP 

evel when PCT was ≥ 0.25 ng/mL. Previous studies have shown 

hat renal dysfunction may reduce the clearance rate of PCT from 

lasma by 30%–50%, which may explain the observed association 

ith chronic kidney disease ( Meisner et al. 2001 ). 

Our study demonstrates that an elevated PCT level on admis- 

ion may indicate more severe COVID-19 infection, as evidenced 

y the association with elevated APACHE II score. These find- 

ngs are consistent with previous studies that demonstrated a re- 

ationship between elevated PCT and COVID-19 disease severity. 

hen et al. (2021) performed a meta-analysis demonstrating pa- 

ients with elevated PCT levels on admission were at higher risk of 

evere and critical COVID-19. Another meta-analysis including 52 

tudies and 15,296 patients by Ahmed et al found that 85% of the 

tudies reported statistically significant association between PCT 

nd COVID-19 disease severity ( Ahmed et al., 2021 ). The APACHE 

I score is a severity-of-disease classification system used for adult 

atients admitted to the ICU. Although the association between 

CT and APACHE II score seen in our study is a finding not pre- 

iously described in the literature, other studies have assessed the 

elationship between APACHE II score and various other cytokines. 

 study by Guo et al. (2021) analyzed the correlation between 

3 cytokines and APACHE II score in patients in the first week of 

OVID-19 disease onset. The study found a significant positive cor- 

elation between IL-1 β and HGF with APACHE II score. 

When study groups were instead stratified using ≥0.50 ng/mL 

CT value, the association with chronic kidney disease and APACHE 

I score was no longer observed. A potential explanation for our 

ndings is that decreased plasma clearance of PCT due to renal 

ysfunction causes only slight elevation of serum PCT, and thus the 

ffect is less significant when using higher PCT threshold. The dif- 

erence in median APACHE II score increased when stratifying pa- 

ients using a PCT measurement of 0.50 ng/mL (APACHE II score 

 for PCT < 0.25 ng/mL, 9 for PCT > 0.25 ng/mL, 8 for PCT < 0.50

g/mL, and 11 for PCT > 0.50 ng/mL). However, due to the small 

ample size of patients with PCT > 0.50 ng/mL (N = 36), the differ- 

nce was not statistically significant (P = 0.042 for PCT stratified 

y 0.25 ng/mL, P = 0.088 for PCT stratified by 0.50 ng/mL). 
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Fig. 1. Kaplan-Meier curve for hospital length of stay stratified by procalcitonin of 0.25 ng/mL (log-rank p = 0.144). Shaded areas represent 95% confidence intervals. 

Fig. 2. Kaplan-Meier curve for ICU length of stay stratified by procalcitonin of 0.25 ng/mL (log-rank p = 0.986). Shaded areas represent 95% confidence intervals. 

49 
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Fig. 3. Kaplan-Meier curve for hospital length of stay stratified by procalcitonin of 0.50 ng/mL (log-rank p = 0.368). Shaded areas represent 95% confidence intervals. 

Fig. 4. Kaplan-Meier curve for ICU length of stay stratified by procalcitonin of 0.50 ng/mL (log-rank p = 0.218). Shaded areas represent 95% confidence intervals. 
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Table 1 

Clinical and demographic characteristics of overall study group and stratified by procalcitonin of 0.25 ng/mL and 0.50 ng/ml. 

Procalcitonin 

Overall 

( N = 223) 

< 0.25 ng/mL 

( n = 148) 

≥ 0.25 ng/mL 

( n = 75) p 

< 0.50 ng/mL 

( n = 187) 

≥ 0.50 ng/mL 

( n = 36) p 

Age (Years) 63 [52-75] 63 [52-75] 62 [47-75] 0.651 63 [52-75] 62 [46-76] 0.647 

Biological Sex 

Female 116 (52.5) 77 (52.7) 39 (52.0) 0.917 96 (51.9) 20 (55.6) 0.687 

Male 105 (47.5) 69 (47.3) 36 (48.0) 89 (48.1) 16 (44.4) 

Race/Ethnicity 

White 107 (48.9) 80 (54.8) 27 (37.0) 0.053 93 (50.5) 14 (40.0) 0.100 

Black 28 (12.8) 15 (10.3) 13 (17.8) 24 (13.1) 4 (11.4) 

Hispanic 68 (31.1) 43 (29.5) 25 (34.3) 57 (31.0) 11 (31.4) 

Asian 16 (7.3) 8 (5.5) 8 (11.0) 10 (5.4) 6 (17.2) 

Obesity 153 (69.6) 101 (69.2) 52 (70.3) 0.868 132 (71.4) 21 (60.0) 0.181 

CAD 49 (22.2) 34 (23.0) 15 (20.6) 0.683 43 (23.0) 6 (17.7) 0.490 

CKD 29 (13.0) 13 (8.8) 16 (21.3) 0.009 24 (12.8) 5 (13.9) 0.863 

Cancer 17 (7.6) 10 (6.8) 7 (9.3) 0.493 13 (7.0) 4 (11.1) 0.389 

COPD 24 (11.0) 16 (11.0) 8 (11.0) 1.000 17 (9.2) 7 (20.0) 0.076 

Asthma 17 (7.8) 12 (8.3) 5 (6.9) 0.711 14 (7.7) 3 (8.6) 0.741 

Diabetes 110 (50.2) 78 (53.4) 32 (43.8) 0.181 94 (51.1) 16 (45.7) 0.560 

APACHE II 8 [6-12] 8 [6-12] 9 [6-14] 0.042 8 (6-12) 11 (6-15) 0.088 

CRP ( μg/mL) 86 

[44-453] 

79 [41-133] 111 [61-186] 0.007 82 [41-142] 131 [68-223] 0.010 

Maximum 

Ferritin ( μg/L) 

606 

[344-1216] 

595 [344-1111] 628 [316-1328] 0.741 595 [344-1216] 628 [279-1328] 0.629 

LDH (U/L) 337 

[276-460] 

327 [278-440] 369 [276-517] 0.077 331 [276-454] 369 [264-461] 0.386 

In-hospital death 31 (14.6) 18 (12.9) 13 (18.1) 0.310 25 (14.1) 6 (17.1) 0.644 

Hospital Stay 

(Days) 

10 [8-13] 10 [8-14] 11 [7-14] 0.144 10 [8-13] 13 [7-16] 0.368 

ICU Stay 

No 114 (53.8) 82 (58.6) 32 (44.4) 0.051 100 (56.5) 14 (40.0) 0.074 

Yes 98 (46.2) 58 (41.4) 40 (55.6) 77 (43.5) 21 (60.0) 

ICU Days 10 [7-13] 10 [7-14] 12 [5-15] 0.986 10 [7-14] 9 [3-13] 0.218 

Intubation 

No 136 (63.9) 92 (65.3) 44 (61.1) 0.552 116 (65.2) 20 (57.1) 0.366 

Yes 77 (36.2) 49 (34.8) 28 (38.9) 62 (34.8) 15 (42.9) 

Intubation Days 13 [10-16] 13 [8-16] 13 [10-25] 0.552 14 [8-17] 13 [7-20] 0.768 

Note. Data presented as median [IQR] or n (%). For length of stay and length of intubation, data are presented as median [95% CI] based on Kaplan-Meier estimates that 

accounted for censoring due to in-hospital death. 
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Upon stratification using a PCT ≥ 0.50 ng/mL, only CRP lev- 

ls retained statistical significance. Although PCT is thought to be 

ore specific for bacterial infection than CRP, both PCT and CRP 

ct as acute phase reactants in the setting of inflammation. Pre- 

ious studies have described the significant inflammatory cascade 

nd systemic response caused by severe COVID-19 infection, which 

ay cause elevation of both markers, potentially explaining the as- 

ociation observed in this study ( Melo et al., 2021 ). 

Despite the observed relationship between elevated PCT and 

PACHE II score, our study found no association between PCT 

nd clinical outcomes, including hospital length of stay, inten- 

ive care unit length of stay, and in-hospital mortality. This re- 

ult contradicts several earlier studies which found that PCT lev- 

ls correlate with duration of mechanical ventilation and mortal- 

ty (Liu et al., 2021, Krause et al., 2021). Additionally, a meta- 

nalysis of 13,387 patients by Zare et al. (2020) found that 

CT had a pooled diagnostic odds ratio of 13.21 for mortality 

95% CI 3.95–44.19). 

However, the majority of these studies are from early in the 

andemic when the diagnosis of COVID-19 often had to rely on 

maging studies alone, and a high proportion of patients may 

ave presented later in their disease course. Several later stud- 

es did not replicate these findings. For example, a study by 

rewett et al (2019) of 243 patients in Florida found PCT lev- 

ls in patients with COVID-19 were persistently negative despite 

 broad spectrum of disease severity. Based on their results, a pa- 

ient presenting with lower respiratory symptoms and a PCT level 

0.25 ng/mL is 3.4 times less likely to have COVID-19 (P < 0.001). 

olci et al. (2020) concluded that PCT has limited value in predict- 

ng poor outcomes in COVID-19, describing publication bias, small- 
51 
tudy effects, and a lack of standardization of PCT measurements 

n the earlier studies. Whether the contrasting results are due to 

he studies being performed in different timeframes of the pan- 

emic, geography, or study design is unclear and warrants further 

nvestigation. Additionally, our results use PCT on admission to the 

ospital, and other studies may have used PCT from other time- 

rames during hospitalization. 

Although evidence for using PCT as a prognostic marker is 

ixed, other studies, such as the one by Peters et al. (2021) , have

ound that PCT is still useful in ruling out bacterial co-infection in 

he setting of COVID-19. The study collected PCT levels on 118 pa- 

ients and found that PCT testing, when used in combination with 

linical assessment, is a safe and effective way of reducing inappro- 

riate antibiotic usage in COVID-19. The limitations of our study 

nclude its retrospective nature and comparatively small sample 

ize, as well as other potential factors. 

We were unable to characterize the duration of symptoms or 

he patient timeframe from contraction of COVID-19 to hospitaliza- 

ion in our population, which could affect the results of this study. 

In conclusion, these study results demonstrate statistically sig- 

ificant correlation between PCT ≤0.25 ng/ml and admission 

PACHE II score and CRP levels. Procalcitonin levels did not pre- 

ict total hospitalization, ICU hospitalization, or mortality. Further 

tudies are needed to fully assess the prognostic utility of PCT in 

atients with COVID-19. 

tatement of Ethics 

This study was carried out in accordance with the World Medi- 

al Association Declaration of Helsinki. The study protocol was re- 
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nformed consent from participants because of the retrospective 

ature of the study design. 
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