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Abstract: Procalcitonin is an inflammatory marker that had shown marked potential as an antimicrobial stewardship tool for 
administering antibiotics when needed in patients with pneumonia as it raises concurrently with other inflammatory markers, yet no 
systematic review has assessed its potential in COVID-19 patients. This systematic review aimed to assess the potential appropriate-
ness of procalcitonin as an antimicrobial stewardship tool in COVID-19 patients with superimposed bacterial and non-bacterial 
infections. All study designs published after 2019 were included in this systematic review. We included all studies that had reported 
procalcitonin levels in COVID-19 patients with suspected superimposed secondary infection(s). We searched MEDLINE, Scopus, and 
the Directory for Open Access Journal from April 2022 to May 2022 and retrieved all related articles for screening with no restrictions 
on language. We conducted risk of bias assessment according to the Critical Appraisal Skills Programme (CASP) criteria for cohort 
and case–control studies. Results were presented according to procalcitonin cut-off values, gold standard test used to confirm infection, 
and overall study conclusion(s), among other variables. This systematic review included 18 articles with 7196 patients in 8 countries. 
Despite different cut-off values of procalcitonin used, thirteen studies had indicated the appropriateness of using procalcitonin as 
antimicrobial stewardship tool in COVID-19 patients. We urge physicians to take this into account when treating COVID-19 patients 
suspected of superimposed infections and we look forward to further studies with standardized procalcitonin cut-off values that may 
provide appropriate quantitative data that can contribute to clinical guidelines.
Registration (PROSPERO): CRD42022315013.
Keywords: procalcitonin, COVID-19, bacterial pneumonia, antimicrobial stewardship

Introduction
COVID-19 SARS-CoV-2, also known as coronavirus disease 2019, is an upper respiratory tract infection that has caused 
a global pandemic. According to the World Health Organization (WHO) COVID-19 Dashboard, as of April 19th 2022, there 
have been over 500 million confirmed cases of COVID-19 including over 6 million deaths worldwide. The disease presents 
with a multitude of symptoms, mainly respiratory, but can also present with fatal complications, such as acute respiratory 
distress syndrome (ARDS) and respiratory failure. Patients with COVID-19 can also present with superimposed infections. 
Superimposed bacterial infections are prevalent in approximately 10% of hospitalized COVID-19 patients.1 This low rate, 
while optimal, makes it challenging for healthcare providers when trying to suspect the underlying insulting organism to 
decide the treatment regimen. In the first year of the pandemic; due to lack of proper evidence-based management, there was 
a widespread abuse of antibiotics in the treatment of COVID-19 patients irrespective of whether a bacterial coinfection was 
confirmed or not. This unnecessary administration of antimicrobial agents could further drive antibiotic resistance and increase 
the likelihood for medication side effects to manifest.2 Thus, the need for a minimally invasive biomarker which indicates the 
presence of a superimposed bacterial infection in COVID-19 patients arises.
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Procalcitonin is an amino acid glycoprotein produced by neuroendocrine thyroid parafollicular C cells. In an average 
healthy individual, procalcitonin is below plasma levels of 0.1 ng/mL. During inflammation, procalcitonin increases 
proportionately to the severity of infection in response to pro-inflammatory cytokines such as tumor necrosis factor (TNF)- 
alpha, interleukin-1, interleukin-6, and endotoxins which are associated with bacterial infections; and it is inhibited by 
interferon (IFN)-gamma which is associated with viral infections.1–4 These properties favored the utilization of procalcitonin 
as a tool to distinguish between bacterial and nonbacterial superimposed infections in COVID-19 patients.

There are studies which reported that COVID-19 patients with procalcitonin higher than normal cutoff values had 
significantly more frequent superimposed infections, they were more likely to develop bacteremia, their ICU stay was 
more likely to be longer, and their risk of mortality was higher compared to COVID-19 patients with lower procalcitonin 
levels.1–5

One of the arguments against using procalcitonin as a biomarker for bacterial co-infection in COVID-19 patients is 
that despite its great sensitivity, it is less specific for bacterial infections as it can also be elevated in other syndromes 
such as acute renal failure. For that reason, it has been proposed to use procalcitonin in combination with other 
inflammatory markers namely C-reactive protein (CRP) or erythrocyte sedimentation rate (ESR) for a more accurate 
diagnosis. CRP, in particular, was found significantly higher in COVID-19 patients with bacterial superimposed infection, 
COVID-19 pneumonia, bacteremia, as well as in patients who died.4,6–8

In this paper, we reviewed observational studies that had assessed the usefulness of procalcitonin levels in COVID-19 
patients with superimposed infections to distinguish between bacterial or non-bacterial causes. If proven effective, this 
could help in antimicrobial drug choice and early intervention, which could improve the clinical outcomes in COVID-19 
patients.

Methods
Registration
This study was registered on PROSPERO under the registration ID CRD42022315013. We reported findings in this 
systematic review according to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 
guidelines.

Eligibility Criteria
All observational studies as well as randomized (or quasi-experimental) clinical trials that had documented procalcitonin 
levels in confirmed COVID-19 patients with suspected superimposed bacterial and/or non-bacterial infections, defined as

a secondary infection that occurs during an existing infection, or immediately following a previous infection, especially when 
caused by microorganisms that are resistant or have become resistant to the antibiotics used earlier,9 

were deemed eligible for inclusion in this systematic review. All articles published prior to 2019 were excluded to avoid 
confusion with earlier pandemics caused by other strains of coronaviruses, such as the Middle East Respiratory 
Syndrome (MERS).

Study Identification
We searched MEDLINE, Scopus, and the Directory of Open Access Journals for all related articles using the MeSH 
terms (or keywords when applicable) “procalcitonin” AND “COVID-19” OR “coronavirus” OR “corona virus” OR 
“acute respiratory distress syndrome” OR “severe acute respiratory syndrome” OR “SARS.” Articles were screened by 
title and abstract by two independent reviewers and discrepancies were resolved by consensus and a third independent 
reviewer. Two independent reviewers then screened the full-text of the screened articles to confirm eligibility and 
discrepancies were resolved by consensus and a third independent reviewer.
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Data Extraction
Two independent reviewers extracted information related to gold standard tests utilized to confirm diagnosis, procalci-
tonin cut-off levels, and overall conclusion, amongst other variables.

Evaluation of Study Quality
Studies included in this systematic review were assessed using the Critical Appraisal Skills Programme (CASP) criteria 
for cohort10 and case–control11 studies by sex independent reviewers. The CASP criteria mainly focuses on three 
domains in its assessment, including the study design, research methodology, and study results. As recommended by 
the authors of the CASP criteria, no points are allocated to studies assessed using the criteria.

Results
Study Selection
An extensive search yielded a total of 518 studies. Fifteen duplicates were identified and two of the authors indepen-
dently screened the titles and abstracts of all of the remaining 503 studies using the specified inclusion and exclusion 
criteria to assess for eligibility. Of these, 476 studies were excluded, and 27 studies were included with inter-author 
conflict being resolved by a third author. The two reviewers then independently assessed the 27 studies with discre-
pancies resolved by consensus and a third independent reviewer. Overall, 18 studies were later deemed eligible for 
inclusion in this systematic review (Figure 1).

Studies’ Characteristics
In this review, there were a total of 7196 patients included from all 18 studies. The included studies were from 8 different 
countries, and most of the studies were conducted in the United Kingdom (n=6, 33.3%). There was a total of four study 
types, of which 11 (61%) were retrospective observational, 4 (22.2%) were retrospective cohort, 2 (11.11%) were 
prospective cohort, and 1 (5.5%) was a descriptive cross-sectional study. Furthermore, procalcitonin cut-off levels varied 
between studies; however, the two most common cut-off values were 0.5/0.55 ng/mL (n=10, 55.5%) and 0.2/0.25 ng/mL 
(n=6, 33.33%). In order to diagnose bacterial co-infections, the different studies used various methods for detection. Out 
of the 18 studies, 9 (50%) used blood and sputum cultures as the gold standard for bacterial detection. Further details are 
found in Tables 1 and 2.

After an in-depth review of all the articles, 10 of the 18 studies concluded that increased procalcitonin levels is indeed 
an indicator of bacterial co-infection in COVID-19 patients. Additionally, 6 articles reported that procalcitonin can be 
used as a tool for antimicrobial stewardship to aid in the early discontinuation of antibiotics when they are no longer 
necessary. Further, 2 articles stated that decreased procalcitonin levels can definitely rule-out bacterial co-infection in 
COVID-19 patients; however, high procalcitonin levels is not diagnostic of a super-added bacterial infection. On the 
contrary, there were 4 studies that found no significant association between procalcitonin levels and bacterial co- 
infection. Interestingly, 6 of the studies deduced that elevated procalcitonin levels is a strong predictor of mortality 
(Table 3, Supplementary Table 1).

Heterogeneity and Bias
Regarding possible causes of heterogeneity, this systematic review included articles with 4 different study designs. 
Additionally, the variation in the cut-off values of procalcitonin may also contribute to the variability of the included 
articles. Some of the studies in this review had missing data which might increase the risk of bias; examples of missing 
data included procalcitonin cut-off value and gold standard tests for the diagnosis of bacterial co-infection. The CASP 
criteria was used to assess for the quality of the included articles (Tables 4 and 5).

Discussion
Procalcitonin (PCT) is a biomarker used by clinicians as a tool to determine the etiology of lower respiratory tract 
infections, with serum levels reflecting the severity of the infection. PCT is also used to guide the administration and 
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duration of antibiotic therapy 22 In this systematic review, more than half the studies reported PCT serum values to be 
a marker for concurrent bacterial infections in patients affected with COVID-19.

To differentiate between bacterial inflammation and non-infective inflammation, different inflammatory biomarkers have 
been used, including PCT and C-reactive protein (CRP). Nevertheless, it was shown that PCT is more specific and sensitive 
than CRP in diagnosing bacterial infection.23,24 It was reported that serum interferon-gamma synthesis is amplified during 
respiratory viral infections, and it actively inhibits PCT secretion.23 Hence, PCT is used to distinguish bacterial from viral 
pneumonia and is found to be a more accurate diagnostic tool than CRP, IL-6, and leukocyte count.23,24 Furthermore, it’s 
anticipated that PCT levels remain normal during uncomplicated COVID-19 infection whereas enormous elevation is 
indicative of bacterial co-infection in severely COVID-19 infected patients.26 The majority of studies in our systematic 
review confirm that PCT is an essential indicator of bacterial co-infection in COVID-19 patients. However, four studies in 
our systematic review denied any association between procalcitonin level and bacterial co-infection.

The current study findings reported that PCT-guided antibiotic therapy aids in the early discontinuation of antibiotics 
when they are no longer necessary. PCT has been widely recruited to guide antibiotic management in a process known as 
PCT-guided antibiotic stewardship.25,27–29 A recent meta-analysis demonstrated that PCT-guided antibiotic stewardship 
offered to critically ill patients who suffer from bacterial infection will create greater modulating effects in increasing 
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Figure 1 PRISMA flow diagram.
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Table 1 Characteristics of the Included Studies

Authors Country of Origin Study Design Sample Size

Moreno-García et al5 Barcelona, Spain Observational cohort (retrospective) 1125

Atallah et al2 Boston, Massachusetts, USA Retrospective observational study 324

Richards et al3 Wales, United Kingdom Retrospective observational study 65

Basnet et al12 Gwarko, Lalitpur, Nepal Descriptive cross-sectional study 49

He et al6 Changsha, China Retrospective observational study 905

Vanhomwegen et al1 Brussels, Belgium Retrospective observational study 66

Ming et al7 North-West London, UK Retrospective observational study 237

Cheng et al13 Huangshi, China Retrospective study 212

Heesom et al14 Southampton, United Kingdom Prospective, single center, cohort study 52

Waris et al14 Islamabad, Pakistan Prospective cohort study 430

Hughes et al15 London, United Kingdom Retrospective observational study 730

Pink et al8 Hannover, Germany Retrospective single-center study 99

Peters et al16 Chesterfield, United Kingdom Retrospective single-center study 118

May et al4 New York, United States Retrospective cohort study 2443

Heer et al17 Slough, United Kingdom Retrospective cohort study 60

Tang et al19 Zhuzhou, China Retrospective cohort study 78

Garrido et al20 Reus, Spain Retrospective observational study 56

Roy et al18 Jacksonville, Florida, USA Retrospective observational study 147

Table 2 Summary of Statistics

Country n (%)

UK 6 (33.33)

USA 3 (16.67)

China 3 (16.67)

Spain 2 (11.11)

Pakistan 1 (5.56)

Belgium 1 (5.56)

Germany 1 (5.56)

Nepal 1 (5.56)

Study Type n (%)

Retrospective Observational 11 (61.11)

Retrospective Cohort 4 (22.22)

Prospective Cohort 2 (11.11)

Descriptive Cross-Sectional 1 (5.56)

(Continued)
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Table 2 (Continued). 

Gold Standard n (%)

Blood Culture 9 (50)

Sputum / LRT Culture 9 (50)

Urine Culture 4 (22.22)

Urine Antigen 4 (22.22)

Unspecified Culture 2 (11.11)

Other Markers (no culture) 7 (38.89)

Procalcitonin Cut-Off value n (%)

2/2.5 ng/mL 2 (11.11)

1 ng/mL 2 (11.11)

0.5/0.55 ng/mL 10 (55.56)

0.3 ng/mL 1 (5.56)

0.2/0.25 ng/mL 6 (33.33)

0.1 ng/mL 2 (11.11)

No Cut-Off Values 3 (16.67)

Table 3 Studies’ Overall Conclusion(s)

Citation Procalcitonin Cut-Off Value Overall Conclusion

Moreno-García et al5 4 cut-off levels were used: 

0.2 
0.5 

1 

2

1- Procalcitonin (>0.2) is an indicator of bacterial coinfection in COVID-19 patients. 

2- Procalcitonin can be used as an antibiotic stewardship tool to de-escalate the use 
of antibiotics.

Atallah et al2 2 cut-off levels were used: 

0.25 
0.5

Procalcitonin (>0.25) is an indicator of bacterial coinfection in COVID-19 patients.

Richards et al3 None Procalcitonin (>50% of baseline) is an indicator of bacterial coinfection in COVID-19 
patients.

Basnet et al12 None Procalcitonin is an indicator of bacterial coinfection in COVID-19 patients.

He et al6 None Increased procalcitonin levels does not rule in bacterial co-infection; however, low 

procalcitonin levels can rule out bacterial co-infection and limit antibiotic use. 
(Sensitive but not specific)

Vanhomwegen et al1 2 cut-off levels were used: 
0.5 

2.5

Procalcitonin is NOT an indicator of bacterial coinfection in COVID-19 patients.

Ming et al7 None Procalcitonin is NOT an indicator of bacterial coinfection in COVID-19 patients. 

(PCT is higher in patients with bacterial co-infection but the results were not 

statistically significant)

(Continued)
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survival and reducing antibiotic treatment duration. Furthermore, PCT-guided antibiotic stewardship in acute respiratory 
tract infections significantly lowers the risk of mortality and reduces the consumption and side effects of antibiotics.27 

Another study confirmed that PCT-guided antibiotic stewardship reduced the exposure to antibiotic therapy in COVID-19 
patients.16

Several studies considered PCT levels to be a predictor of mortality in COVID-19 patients with bacterial co-infection. 
In a study by Hughes et al, patients with lower levels of PCT had significantly lower mortality rates, length of hospital 
stay, and intensive care unit (ICU) admission.15 Furthermore, another study reported that hospitalized patients and 
patients deceased by the 28th admission day had higher PCT levels compared to those discharged from the hospital.2

Meanwhile, a study by Richards et al reported that among patients who passed away in the ICU, over 85% had raised 
PCT levels. However, there was no significant association between PCT elevation and subsequent mortality in a logistic 
regression analysis.3 Similarly, although the length of stay was longer in patients with higher PCT levels, the effect of 
PCT rise was also not statistically significant.

In line with the other studies, severe COVID-19 patients had increased PCT rates upon admission to ICU and were 
linked with a higher risk of mortality. Interestingly, those findings were comparable to results obtained by acute 

Table 3 (Continued). 

Citation Procalcitonin Cut-Off Value Overall Conclusion

Cheng et al13 0.1 ng/mL Procalcitonin (>0.1) is an indicator of bacterial coinfection in COVID-19 patients.

Heesom et al21 0.5 ng/mL Procalcitonin can be used as an Antibiotic Stewardship tool to de-escalate the use of 

antibiotics.

Waris et al14 0.25 ng/mL Procalcitonin (>0.25) is an indicator of bacterial coinfection in COVID-19 patients.

Hughes et al15 0.25 ng/mL 1- Procalcitonin (>0.25) is an indicator of bacterial coinfection in COVID-19 
patients. 

2- Procalcitonin can be used as an Antibiotic Stewardship tool to de-escalate the use 

of antibiotics.

Pink et al8 0.55 ng/m 1- Procalcitonin (>0.55) is an indicator of bacterial coinfection in COVID-19 

patients. 
2- Procalcitonin can be used as an Antibiotic Stewardship tool to de-escalate the use 

of antibiotics.

Peters et al16 3 cutoffs were used: 

<0.25 microg/L 

0.25–0.49 microg/L 
≥0.5 microg/L

Procalcitonin can be used as an Antibiotic Stewardship tool to de-escalate the use of 

antibiotics.

May et al4 2 cut-off levels were used: 

0.5 ng/mL 

0.25 ng/m

Increased procalcitonin levels does not rule in bacterial co-infection; however, low 

procalcitonin levels can rule out bacterial co-infection and limit antibiotic use. 

(Sensitive but not specific)

Heer et al17 Peak PCT>0.5 ng/dL 1- Procalcitonin is NOT an indicator of bacterial coinfection in COVID-19 patients. 

2- Procalcitonin should NOT be used as an Antibiotic Stewardship tool to de- 
escalate the use of antibiotics.

Tang et al19 PCT >0.1 ng/mL Procalcitonin (>0.1) is an indicator of bacterial coinfection in COVID-19 patients.

Garrido et al20 2 cut-off levels were used:0.3 ng/ 

mL0.06 ng/m

Procalcitonin is NOT an indicator of bacterial coinfection in COVID-19 patients.

Roy et al18 0.25 ng/mL 1- Markedly elevated procalcitonin (>0.25) is an indicator of bacterial coinfection in 

COVID-19 patients. 

2- Procalcitonin can be used as an Antibiotic Stewardship tool to de-escalate the use 
of antibiotics.
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physiology and chronic health evaluation II which does not require additional costs as PCT measurements.6 Garrido et al 
have also observed elevated blood PCT values in both deceased patients and COVID-19 patients admitted to the ICU 
compared to those in the general ward at the hospital.20 These findings showcase the value of using initial PCT serum 
levels as an indicator of mortality.

Table 4 Risk of Bias, Cohort Studies

1 2 3 4 5 6 7 8 9 10 11

Moreno-García et al5 Yes Yes Cannot 
tell

Yes Yes Yes Cannot 
tell

Yes Yes Yes Yes

Richards et al3 Yes Yes Yes Yes Yes Yes Cannot 
tell

Yes Yes Yes Yes

Basnet et al12 Yes Yes Yes Yes Cannot 
tell

Yes Cannot 
tell

Cannot 
tell

Yes Yes Yes

Vanhomwegen et al1 Yes Yes Yes Yes Yes Yes Cannot 

tell

Yes Yes Yes No

Ming et al7 Yes Yes Yes Yes No Yes Cannot 

tell

Yes Yes Yes No

Heesom et al21 Yes Yes Yes Cannot 

tell

No Yes Cannot 

tell

Yes Yes Yes Yes

Waris et al14 Yes Yes Yes Yes Cannot 

tell

No Cannot 

tell

Cannot 

tell

Yes Yes Yes

Hughes et al15 Yes Yes Yes Cannot 

tell

Yes Yes Cannot 

tell

Cannot 

tell

Yes Yes Yes

Pink et al8 Yes Yes Yes No Yes Yes Cannot 

tell

Yes Yes Yes Yes

Peters et al16 Yes Yes Yes Cannot 

tell

Yes Yes Cannot 

tell

Yes Yes Cannot 

tell

Yes

May et al4 Yes Yes Yes Cannot 

tell

Cannot 

tell

No Cannot 

tell

Cannot 

tell

Cannot 

tell

Cannot 

tell

No

Heer et al17 Yes Yes Yes Yes Yes Yes Cannot 

tell

Yes Yes Yes No

Tang et al19 Yes Yes Cannot 

tell

Yes Yes Yes Cannot 

tell

Yes Yes Yes Yes

Garrido et al20 Yes Yes Yes Yes Yes Yes Cannot 

tell

Yes Yes Yes Yes

Roy et al18 Yes Yes Cannot 

tell

Yes Yes No Cannot 

tell

Yes Yes Yes Yes

Notes:
1. Did the study address a clearly focused issue?
2. Was the cohort recruited in an acceptable way?
3. Was the exposure accurately measured to minimize bias?
4. Was the outcome accurately measured to minimize bias?
5. Have the authors identified all important confounding factors?
6. Have they taken account of the confounding factors in the design and/or analysis?
7. Was the follow up of subjects complete enough?
8. Was the follow up of subjects long enough?
9. Do you believe the results?

10. Can the results be applied to the local population?
11. Do the results of this study fit with other available evidence?
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Although a study by Heer et al did not support the claim that PCT concentrations are a predictor of bacterial co- 
infection in COVID-19 patients, it had still demonstrated that raised serum values are associated with respiratory failure 
with prolonged mechanical ventilation and a greater risk of inpatient death.17 It is crucial to note however that the 
remaining studies did not assess mortality rates based on PCT levels.

There are several limitations to this review. To begin with, despite using the Critical Appraisal Skills Programme 
(CASP) risk assessment tool, it is not possible to eliminate publication bias in the studies we have included. The use 
of different modalities to identify bacterial co-infection among the mentioned studies makes it challenging to 
generalize the results. Furthermore, there was also a variety of PCT cut-off values used to define bacterial co- 
infection, raising the possibility of missing PCT elevations during earlier phases of infection and making it difficult to 
combine results for meta-analysis. Surprisingly, 7 studies (38.8%) did not use any culture do diagnose bacterial co- 
infection, and they resorted to white blood cell count, inflammatory markers, and clinical diagnostic methods. Despite 
these limitations, we believe that this study’s results are nonetheless valid for the purpose of answering our research 
questions and could inspire future research on the diagnostic ability of PCT and its role in antibiotics stewardship for 
COVID-19 patients.

Conclusion
Out of 18 studies included in this systematic review, 13 (72.2%) had indicated the potential use of procalcitonin in ruling 
out superimposed bacterial infection(s) and/or its potential use as an antimicrobial stewardship tool. We urge physicians 
to take this into account when treating COVID-19 patients suspected of superimposed infections and we look forward to 
further studies with standardized procalcitonin cut-off values that may provide appropriate quantitative data that can 
contribute to clinical guidelines and improve clinical outcomes in COVID-19 patients.

Disclosure
The authors report no conflicts of interest in this work.
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