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Abstract 

Background Differentiating sepsis from non-infectious systemic inflammatory response syndrome (SIRS) is challeng-
ing. Biomarkers like procalcitonin (PCT) aid early risk assessment and guide antibiotic use. This study aims to ascertain 
PCT’s accuracy as a sepsis biomarker among adult emergency department admissions.

Method The PRISMA guidelines were followed to search for relevant articles in five electronic databases 
between April 14th and August 4th, 2023: PubMed, Cochrane Library, ProQuest, EMBASEs, and ScienceDirect. Stud-
ies had to be published in English to avoid directly translating scientific terms. Besides, the inclusion criteria were 
based on the diagnosis of sepsis in adult patients admitted to an emergency department. QUADAS-2 tool provided 
by the Review Manager version 5.4.1 was utilized to assess the risk of bias in included studies. STATA (v. 16) software 
was used to perform the meta-analysis.

Results Ten of 2457 studies were included. We sampled 2980 adult sepsis patients for the under-investigated role 
of PCT in ED sepsis diagnosis. PCT emerged as the primary early diagnostic biomarker with high levels (29.3 ± 85.3 ng/
mL) in sepsis patients. Heterogeneity in outcomes, possibly due to bias in cohort and observational studies, 
was observed.

Conclusion PCT tests offer moderate accuracy in diagnosing sepsis and stand out for rapidly and precisely distin-
guishing between viral and bacterial inflammations.

Background
As a living organism, human immune systems have 
developed over time to respond to the invasions of 
infectious pathogens by employing a host of defense 
mechanisms. The systematic response by the human 

body to infectious microbial agents constituting fungi, 
yeast, and bacteria is called sepsis [1]. As an inflamma-
tory response to microbial invasion, sepsis may result 
from infections commonly acquired from hospitals, 
communities, and other medical care facilities. Patients 
suffering from sepsis are characterized by the develop-
ment of fever, tachypnea, leukocytosis, and tachycardia 
[1] as the most common signs and symptoms. In severe 
cases, sepsis is related to dysfunction and hypoperfu-
sion of at least one organ. Besides, when severe sepsis 

*Correspondence:
Yavuz Yigit
yyigit@hamad.qa
1 Hamad Medical Corporation Doha, Ar-Rayyan, Qatar
2 Medicine, Qatar University, Doha, Qatar
3 Blizard Institute, Queen Mary University, London, UK

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-023-02432-w&domain=pdf
http://orcid.org/0000-0002-7226-983X


Page 2 of 14Zaki et al. Systematic Reviews           (2024) 13:37 

is accompanied by multiple system organ failures or 
hypoperfusion, it culminates into a fatal condition 
called septic shock. For this reason, sepsis is a life-
threatening illness associated with a mortality rate of 
18 to 45% in patients who are critically ill from the con-
dition [2]. In addition, there has been an ever-growing 
number of people suffering from the condition globally, 
with over 18 million new cases of sepsis being reported 
annually [3].

The high number of new sepsis infections in the world’s 
critical care units, such as the emergency department 
(ED), has been accompanied by a significantly increased 
mortality rate of 30% to 50% [4]. For instance, in the 
United States alone, epidemiological research indicates 
that approximately 750,000 people are infected with sep-
sis yearly [4]. Conversely, 28.3% of patients are infected 
with sepsis during their ICU stay in India, which is 
related to high prevalence, accounting for a mortality 
rate of 34% of those contracting the disease [5]. In many 
parts of the world, the signs and symptoms of sepsis are 
influenced by several factors that result in high variability 
ranging from bioburden and virulence of the sepsis-caus-
ing pathogen-host susceptibility to the portal of entry 
into the system [6]. Besides, infectious microorganisms 
invade the human body through the bloodstream during 
sepsis, proliferating directly and locally into the system, 
releasing many virulent factors, and infecting the blood-
stream. The infectious products may stimulate the release 
of defense mechanism responses in endogenous media-
tors of sepsis from monocytes, plasma cell precursors, 
endothelial cells, and macrophages. Therefore, in most 
scenarios, the sepsis-causing and associated inflamma-
tory response arises when the human body attempts to 
intervene and neutralize the infectious pathogens in the 
bloodstream. As a result, various defense mechanisms 
are activated. The immune cells respond by secreting 
the inflammatory protein, resulting in tissue damage and 
escalating to organ failure of the pathogen-host.

Numerous efforts and progress have been made in clin-
ical interventional guidelines that mediate sepsis treat-
ment. The most common intervention sought is early 
identification of the condition, and recommended appli-
cation of a broad spectrum of antibiotics is the primary 
form of treating sepsis. Sepsis must be identified as early 
as possible since a missed identification leads to delayed 
treatment, which escalates the condition increasing the 
risk of death. Although many acute respiratory tracts 
(ART) infections, including suspected cases of sepsis, 
are often treated by the initiation of empiric antibiotics 
[7], bacterial pathogens, on the other hand, are challeng-
ing to detect, along with viruses accounting for a con-
siderable proportion of these ART illnesses. Similarly, 
this phenomenon is common in patients suffering from 

suspected sepsis or systematic inflammatory response 
syndrome, in which other viral diseases and inflamma-
tory illnesses may be the causes of a large number of 
these cases.

Integrating a host response marker corresponding to 
the infectious bacteria in the medical care of patients 
presenting sepsis and other ART illnesses has improved 
the body’s antibiotic response. PCT is among the host-
response and blood infection markers that have been 
effectively used [8]. Based on SEPSIS-3, PCT can sup-
port sepsis prognosis and predict mortality over other 
parameters under the revised sepsis definition [9]. How-
ever, as a precursor hormone of calcitonin, PCT cannot 
be detected in healthy people. Nevertheless, PCT pro-
ductions are often upregulated to intervene in bacte-
rial infections, rapidly decreasing with patient recovery. 
PCT has generated more attention, being approved for 
guidance in antimicrobial therapies due to its ability to 
correlate with bacterial infections [10] more than other 
markers, such as the count of WBC (white blood cells) 
and CRP. Additionally, PCT provides a more favora-
ble kinetic profile with the pathogen making it ideal for 
response assessment to the treatment [10]. Furthermore, 
the application of PCT is evolving daily as an interven-
tion for managing sepsis which is widely used as a diag-
nostic biomarker for sepsis and other bacterial infections.

Systematic reviews and meta-analyses have been car-
ried out to compare PCT’s diagnostic accuracy to other 
biomarkers (presepsin and C-reactive) in assessing sepsis 
among adult and young patients [11–13]. As a result, this 
review focuses only on the diagnostic accuracy of PCT 
among adults (critically admitted in emergency depart-
ments) due to the severe symptoms caused by the disease, 
such as loss of consciousness, slurred speech, and vari-
ation in mental wellness. This article’s primary objective 
is to evaluate PCT’s role and accuracy as a host-response 
maker in diagnosing sepsis among patients in emergency 
departments. Determining the role of this biomarker in 
diagnostic pathways will help handle patients admitted 
to emergency departments. Besides, it will help design 
future research to examine the diagnostic accuracy of 
tests.

Methods
Protocol and registration
This systematic review and meta-analysis followed the 
commendations on preparing and reporting systematic 
reviews and meta-analyses pre-defined by the PRISMA 
(Preferred Reporting Items for Systematic Review and 
Meta-Analyses) statement and the Cochrane collabora-
tion guidelines.
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Eligibility criteria
The study employed inclusion and exclusion criteria as 
the basis on which studies were identified, included, and 
excluded others from obtaining only the relevant and pri-
mary studies that explored the role of PCT in diagnosing 
sepsis in adult patients. Studies were included if they met 
the following criteria for inclusion.

1. Study design and type: reviewers included rand-
omized controlled trials, cohort studies, observa-
tional, prospective, and retrospective studies. Stud-
ies must be published in English. The criterion was 
essential to avoid direct translation of scientific terms 
from other languages other than English, which could 
result in different meanings and interpretations. Also, 
they must be published between 2011 and 2022. The 
condition was vital to include recent developments 
involving sepsis diagnosis among adult patients.

2. Participants: we included studies that included adult 
patients as research subjects ( ≥ 18 years) with severe 
sepsis, septic shock, or sepsis according to interna-
tional consensus definitions admitted at the emer-
gency department.

3. Intervention: we included research studies that con-
ducted serum PCT assessment in one or more com-
parison groups

4. Comparison: reviewers expected comparison groups 
evaluating standard approaches for sepsis diagnosis 
and biomarkers other than PCT, such as interleukins 
and CRP.

5. Outcome: sensitivity, specificity, precision, and posi-
tive and negative likelihood ratio of PCT and com-
parison intervention methods.

On the other hand, studies were excluded based on the 
following conditions.

1. Study design: reviewers excluded secondary stud-
ies such as meta-analyses, systematic reviews, case 
reports on PCT and sepsis, and studies published 
before 2011

2. Outcome: Studies with unrelated intended outcomes 
that we did not need for this research. Also, we 
excluded studies that had incomplete results or had 
apparent mistakes that could negatively impact our 
meta-analysis

The screening of studies was performed independently 
by two review authors to establish if the studies met the 
eligibility criteria. The discrepancies during the screening 
process were solved through consultation with the third 
reviewer.

Information sources and search strategy
Only an electronic database search was performed for 
this systematic review and meta-analysis of relevant 
studies. A comprehensive search strategy was employed 
in navigating several electronic databases per guidelines 
stipulated by PRISMA. Between April 14th and August 
4th, 2023, the electronic databases explored and utilized 
during the search included Science Direct, PubMed, 
Cochrane Library, ProQuest, and EMBASE. The most 
recent search was performed on August 2023. For study 
in this particular review, search studies dating from 2011 
to 2022 were included in the research. During the search 
process, a database search was conducted based on key-
words and headings that appeared in the text of the study. 
For effective search, keywords and terms such as “proc-
alcitonin,” or “PCT,” or “sepsis,” and “procalcitonin diag-
nosis” were used to search and navigate the database. To 
filter out specific studies, terms like “the role of procalci-
tonin,” “sepsis diagnosis in adult patients,” and “PCT diag-
nosis of sepsis” were utilized. Two research investigators 
searched the five databases for the appropriate literature 
independently. The third author was consulted to solve 
any discrepancies during the literature search. A detailed 
search strategy for each database is shown in Appendix 1.

Quality assessment
Two review authors performed the risk of bias assess-
ment via the Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS-2) tool provided by the Review Man-
ager software (RevMan 5.4.1). The tool comprises four 
assessment domains: patient/participant selection, ref-
erence standard, index standard, flow, and timing. Three 
fields utilized for the applicability include index test, ref-
erence standard, and patient selection.

Data extraction
Data extraction was assigned to two investigators who 
independently reviewed and analyzed the included stud-
ies per the PICO guidelines. The discrepancies between 
the two reviewers were solved through discussions and 
consultation with other review authors until a consensus 
was reached. The reviewers’ data focused on PCT’s role 
in diagnosing sepsis in adult patients. The relevant data 
retrieved by the reviewers from the studies encompassed; 
study ID (author(s) and year of publication), participants 
(age), sample size, study design, intervention, and out-
comes (sensitivity, specificity, diagnostic odds ratio, and 
diagnostic positive and negative likelihood ration).

Statistical analysis
This systematic review undertook an initial descrip-
tive analysis of the included studies. The random effects 
model analyzed the pooled specificity and sensitivity, 
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diagnostic odds ratio, and positive and negative predic-
tive values. Heterogeneity between these studies was 
evaluated using the inverse variance (I2) statistic, illus-
trating the variation percentage but not sampling error 
across the studies. Higgins shows that any I2 value above 
75.0% demonstrates high heterogeneity [14]. Meta-anal-
ysis was performed using the STATA (v. 16) software. A 
95% confidence interval (CI) was used to calculate PCT’s 
pooled sensitivity and specificity in diagnosing sepsis.

Results
Search results
Figure 1

Study characteristics
In the analysis of the studies on PCT’s role in the diagno-
sis of sepsis, three studies compared PCT’s role and utility 

to other biomarkers, such as lactate [15], presepsin [16], 
and mid-regional pro-Adrenomedullin (MR-proADM) 
[10], in the diagnosis of sepsis in the emergency depart-
ment. Four studies focused on the diagnostic value and 
the utilization of serum PCT [17], C-reactive protein 
(CRP) [18], serum lactate [19], and Il-6 in predicting bac-
teremia in adult patients [20] and diagnosis of bacterial 
sepsis.

Besides, one study focused on the association of blood 
cultures to PCT levels in patients with septic shock in 
the emergency department [21]. In addition, one study 
focused on PCT as an early indicator of progressive sep-
tic shock in sepsis patients associated with ureteral cal-
culi at the emergency department (ED) [22]. One study 
focused entirely on PCT as an inflammatory biomarker 
for suspected cases of sepsis [23]. Out of 2980 adult 
patients sampled as study participants, only 2162 (72.6%) 

Fig. 1 PRISMA flow chart detailing the search strategy
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patients met the inclusion criteria in all ten studies 
included in this systematic review (Table 1).

Risk of bias assessment
The outcomes of the assessment of bias risks conducted 
using the QUADAS-2 tool are provided in Fig. 2 below. 
Studies that illustrated high or unclear index risk owing 
to the absence o or lack of explicit pre-specified cutoff 
PCT threshold for sepsis diagnosis. High risks are repre-
sented by a red-colored circle, low risks by a green circle, 
and a yellow circle for unclear risks. Uncertainties and 
unclear risks imply insufficiently and lack of clear judg-
ment associated with the studies’ little details.

Diagnostic accuracy of PCT
Sensitivity and specificity
Results from seven studies were pooled for sensitivity and 
specificity analysis [15–17, 19, 20, 22, 23]. Figures 3 and 
4 are forest plots that show the sensitivity and specificity 

ranges for PCT in sepsis diagnosis. Data pooled from six 
studies resulted in sensitivity and specificity of 0.73 (95% 
CI 0.59 to 0.87) and 0.77 (95% CI 0.66 to 0.88) for diag-
nosing sepsis among adult patients. However, the study 
outcomes for sensitivity and specificity had considerable 
heterogeneity ( I2= 96.95% and I2= 96.25%, respectively).

Diagnostic odds ratio
Two studies [20, 21] reported PCT’s diagnostic odds 
ratio in sepsis diagnosis. The pooled evidence shows that 
PCT had a diagnostic ratio of 3.49 (95% CI 2.18, 4.79) 
(Fig. 5).

PCT positive and negative predictive values
Five studies reported PCT’s negative and positive predic-
tive values in diagnosing sepsis among patients [15, 17, 
19, 20, 23]. From the pooled results, PCT positive and 
predictive values were 1.26 (95% CI 0.72, 1.79) and 0.51 
(95% CI 0.34, 0.68), respectively (Figs. 6 and 7).

Fig. 2 QUADAS-2 Risk of bias and applicability concerns summary: review authors’ judgments about each risk of bias item presented 
as percentages across all included studies
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Discussion
Sepsis has proved to be the primary source of death for 

critically ill adult patients in the emergency department 
[22]. Therefore, conducting an early diagnosis of sepsis 
for the following resultant treatment to improve the out-
comes is becoming essential. Since the clinical signs and 
symptoms associated with sepsis usually overlap with 

other SIRS (systemic inflammatory response syndrome) 
[24], there is a need for an effective biomarker to facili-
tate the identification and distinguish sepsis from other 
non-infectious SIRS [23]. The diagnosis of sepsis encom-
passes some degree of host response whose manifestation 
forms the basis for correctly administering antimicrobial 
agents. Nevertheless, in adult patients with neonate and 

Fig. 3 Sensitivity of PCT in sepsis diagnosis

Fig. 4 Specificity of PCT in sepsis diagnosis
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Fig. 5 PCT’s diagnostic odds ratio

Fig. 6 PCT’s positive predictive value in sepsis diagnosis

Fig. 7 PCT’s negative predictive value in sepsis diagnosis
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immunosuppressed characteristics, the representation is 
unlikely to present, which makes these patients suscep-
tible to sepsis infections. Therefore, the ideal biomarker 
for bacterial infection should be capable of detecting the 
presence of SIR infections in patients without causing 
host response with high sensitivity and specificity enough 
to distinguish infection from other induced SIRS.

Research shows that various clinical and biochemi-
cal makers have had poor specificity and sensitivity 
when predicting early bacteremia in febrile-ill patients 
in ED [25–27]. Rapid detection and diagnosis of bacte-
rial infections facilitate early implementation of antimi-
crobial therapy, thereby identifying the septic patients at 
high risk for complications [24]. Moreover, discriminat-
ing and properly distinguishing bacterial sepsis in many 
cases of febrile ill patients provided significant advan-
tages of reduction in hospitalization and antimicrobial 
usage, facilitating clinical focus and offering alternative 
diagnosis pathways [10, 28]. In this review, PCT has been 
identified as the primary candidate biochemical marker 
widely employed in the early diagnosis of sepsis. One of 
the studies included in this review found that the levels 
of PCT (29.3 ± 85.3 ng/mL) were significantly high in sep-
sis patients compared to the classified control group of 
patients (0.34 ± 8.6  ng/mL) [17]. Besides, from the ROC 
analysis, the levels of PCT indicated an area under the 
curve (AUC) of 0.80, which suggested that employing the 
PCT test provided moderate accuracy in sepsis diagno-
sis [16]. Similarly, previous studies also investigated the 
role of engaging PCT as a positive predictor biomarker 
for sepsis, with various results associated with its clinical 
suitability [25–27].

Furthermore, PCT remains the biomarker for bacte-
rial sepsis following its ability to indicate high levels of 
efficacy in sepsis diagnosis. Research by Brodská et  al. 
suggested that higher levels of PCT significantly differ-
entiate gram-positive sepsis from gram-negative sepsis, 
providing alienation from fungemia [29]. Miglietta et al. 
indicate that PCT levels, determined at day zero on the 
onset of the symptoms and signs associated with sepsis, 
were considerably higher in Gram-negative sepsis than 
those induced by Gram-positive bacteria [19]. However, 
the study did not indicate any statistical disparity, with a 
P value associated with the two subgroups insignificantly 
different (P = 0.096). S. aureus sepsis reflected a similar 
generalized PCT level to Gram-negative sepsis [19]. Nev-
ertheless, the study indicated that PCT is not a superior 
discriminative biochemical maker among differing bacte-
rial infections in the bloodstream, which contrasts with 
the results from Brodská et al.’s study [29]. On the other 
hand, dramatically high PCT levels are often related to 
Gram-negative sepsis (above 20  ng/ml). In comparison, 
infrequent levels above 20  ng/ml were recorded among 

gram-positive sepsis, despite being exclusive in Staphylo-
coccus aureus [19].

The study by Webb et al. shows that the levels of PCT 
were dramatically high in sepsis patients that tested 
positive for blood culture [21]. Nakamura et  al.’s study 
indicated that blood culture (BC) has proved to be the 
primary clinical index for sepsis, whose final diagnosis 
can be derived from a positive BC [30]. However, the 
use of blood culture is usually associated with a long 
period of completing the process of sepsis diagnosis. 
On the contrary, employing PCT facilitates the quick 
performance of the process, with the associated accept-
able span of PCT adjustment being more prolonged 
than that indicated by BC. From the Wilcoxon estimate 
of the discriminative ability of sepsis patients with opti-
mistic blood cultures prediction, PCT levels were at 0.72, 
corresponding to 95% CI [0.69–0.75] at 3.9  ng/mL best 
cutoff. In predicting the positive blood culture, PCT’s 
diagnostic odds ratio (OR) was recorded at 3.64 (95% CI 
[2.46–5.51]).

Based on these estimates, the ROC comparisons indi-
cated a statistically significant difference between the dis-
criminative abilities of PCT (P < 0.001), lactate (P < 0.001), 
and CRP [20]. The high PCT levels in patients that indi-
cated positive blood cultures confirm the PCT assay’s 
role in diagnosing bacterial sepsis and infections [31]. 
Moreover, for the septic adult patients in the emergency 
department, the study found that PCT has the capabili-
ties to discriminate [21] and distinguish bacterial blood 
cultures [32] with better abilities associated with Gram-
negative bacteremia [20]. Such capabilities are better 
than other biomarkers, such as CRP and serum lactate, 
which contradicts Keçe et al.’s study [15].

According to Christ-Crain et  al.’s ROC analysis, the 
diagnosis of bacteremia indicated that PCT levels are 
comparably a better biomarker than CRP [33]. The appro-
priate cutoff value of 0.38  μg/L for PCT was associated 
with high NPV, while a high PPV was related to 0.83 μg/L 
[33]. Based on these findings, the author concluded that 
antibiotic therapy conducted under the guidance of PCT 
is encouraged when the level of PCT is more significant 
than 0.25  μg/L and much more inspired when the PCT 
level is more than 0.5 μg/L. On the contrary, this system-
atic review and meta-analysis’s findings contradict this 
study [18]. Employing a PCT-based protocol for patients 
with sepsis in the intensive care unit (ICU) was not supe-
rior to the CRP-based protocol in guiding antibiotic ther-
apy treatment. On the contrary, PCT has been deemed an 
excellent biomarker in diagnosing sepsis patients and pre-
dicting those at high risk of progressing to septic shock in 
patients with urolithiasis [22]. However, Keçe et al. highlight 
that PCT cannot be used alone in distinguishing sepsis 
from non-infectious SIRS in adult septic patients [15].
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Antibiotic therapy’s duration of the first infection epi-
sode was observed to show similar outcomes for both 
CRP and PCT groups. The PCT group was associated 
with 7.0  days median (Q1–Q3, 6.0–8.5), which was not 
significantly different from the CRP group with a 6.0 days 
median (Q1–Q3, 5.0–7.0) in the CRP group [18]. Further-
more, after the severity adjustment using the APACHE 
II, the results indicated have remained the same with a 
resultant HR of 1.206 (95% CI, 0.774–1.3; p = 0.13). Nev-
ertheless, during the antibiotic therapy, the total number 
of days associated with the PCT group was more signifi-
cant than those in the CRP group. However, the differ-
ence between the two groups indicated by thirteen and 
eight days was insignificant. Another study conducted by 
a French multicenter study with 630 participants com-
prising critically ill adult septic patients showed that the 
antibiotic-free period was substantially higher with the 
PCT-guided antibiotic group (14.2 ± 9.1 days) relative to 
routinely conducted criteria 11.6 ± 8.2 days [34].

Limitations of the study
This review acknowledges several limitations that war-
rant consideration. Firstly, the scope of the review was 
confined to studies published between 2011 and 2022, 
thus excluding prior research, potentially omitting cru-
cial insights that could have enriched this systematic 
review and meta-analysis. Moreover, the review primar-
ily emphasized the role of Procalcitonin (PCT) in sepsis 
diagnosis, a deliberate focus aimed at mitigating bias. 
However, this deliberate choice resulted in the exclusion 
of studies investigating alternative biomarkers, poten-
tially limiting the comprehensive understanding of sepsis 
diagnosis.

It’s important to note that due caution is advised when 
extrapolating the findings of this review, given the lim-
ited pool of studies focusing on PCT’s diagnostic utility 
in septic patients. Additionally, the inclusion of observa-
tional case design studies introduced challenges in dis-
cerning PCT’s precise diagnostic contribution for sepsis 
among adult patients admitted to the emergency depart-
ment with varying underlying conditions.

Furthermore, the potential for reporting bias cannot be 
discounted, as the inclusion of low-risk patients in some 
of the analyzed studies may have inadvertently skewed 
the overall findings. This selection bias could impact the 
comparative analysis of the diverse studies and poten-
tially influence the review’s conclusions.

Lastly, a noteworthy concern stems from the hetero-
geneity in participant numbers across the ten studies 
incorporated into this review. This variation in sample 
sizes posed challenges in harmonizing and establishing 
robust correlations regarding the application of PCT as 
a diagnostic biomarker for sepsis among adult patients in 

the emergency department. These limitations collectively 
underscore the need for interpretive caution and context-
awareness when interpreting the implications of this sys-
tematic review and its implications for clinical practice.

Conclusion
As an essential biomarker, PCT is extensively applied 
in the medical field, particularly in diagnosing sepsis 
patients, compared to conventional biochemical sepsis 
markers. PCT has improved other traditional biomark-
ers, including CRP, in critically ill patients. However, 
based on this systematic review, meta-analysis findings, 
and other previously conducted studies, PCT may not 
be sufficient to act alone to diagnose invasive bacterial 
infection and its associated sepsis severity. PCT can be 
used better in ruling out as opposed to the ruling in the 
diagnosis of systemic sepsis in a critical care context such 
as the emergency department, primarily when repeated 
evaluations are employed. Therefore, recommenda-
tions are made for combining two or more biomarkers 
as a more effective clinical diagnosis of sepsis. However, 
much investigation and research are needed to estab-
lish the ideal tool for clinical applications by combining 
biomarkers.

Appendix
Detailed search terms
PubMed
("procalcitonin"[Supplementary Concept] OR "procalcitonin" 
[All Fields] OR "procalcitonin"[MeSH Terms]) OR PCT[All 
Fields] OR (PCT[All Fields] AND ("diagnosis"[Subheading] 
OR "diagnosis"[All Fields] OR "diagnosis"[MeSH Terms]) 
AND ("sepsis"[MeSH Terms] OR "sepsis"[All Fields]) 
AND ("emergency service, hospital"[MeSH Terms] 
OR ("emergency"[All Fields] AND "service"[All Fields] 
AND "hospital"[All Fields]) OR "hospital emergency 
service"[All Fields] OR ("emergency"[All Fields] AND 
"department"[All Fields]) OR "emergency department"[All 
Fields]) AND ("adult"[MeSH Terms] OR "adult"[All Fields] 
OR "adults"[All Fields])).

EMBASE
("procalcitonin" OR "procalcitonin" OR "procalcitonin" OR 
PCT AND ("diagnosis") AND ("sepsis") AND ("emergency 
service, hospital" OR ("emergency" AND "service" AND 
"hospital") OR "hospital emergency service" OR "depart-
ment") OR "emergency department") AND ("OR "adults")).

Cochrane Library
("procalcitonin"[Supplementary Concept] OR "procalcitonin" 
[All Fields] OR "procalcitonin"[MeSH Terms]) OR PCT  
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OR "diagnosis"[All Fields] OR "diagnosis"[MeSH descrip-
tor]) AND ("sepsis"[MeSH Terms] OR "sepsis"[All Fields]) 
AND ("emergency service, hospital"[MeSH Terms] OR 
("emergency"[All Fields] AND " AND "department"[All 
Fields]) OR "emergency department"[All Fields]) AND 
("adult"[MeSH Terms] OR "adult"[All Fields] OR "adults"[All 
Fields])).

ScienceDirect
("procalcitonin" OR "procalcitonin" OR "procalcitonin" OR 
PCT AND ("diagnosis") AND ("sepsis") AND ("emergency 
service, hospital" OR ("emergency" AND "service" AND 
"hospital") OR "hospital emergency service" OR "depart-
ment") OR "emergency department") AND ("OR "adults")).

ProQuest
Abstract(procalcitonin) AND sepsis AND summary 
(diagnosis) OR (emergency department) AND full text 
(emergency) AND (procalcitonin diagnosis).

Acknowledgements
Not applicable.

Authors’ contributions
Study conceptualization and design: HZ, SB, HI. Drafting of the manuscript: 
MHF, WS, and AE. Supervision of research and manuscript writing: KB, AE, and 
YY. The authors read and approved the final manuscript.

Funding
Open Access funding provided by the Qatar National Library. This study 
received no funding support.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 14 April 2023   Accepted: 11 December 2023

References
 1. Jin M, Khan AI. Procalcitonin: uses in the clinical laboratory for the diag-

nosis of sepsis. Laboratory Medicine. 2010;41:173–7.
 2. Singer M, Deutschman CS, Seymour CW, et al. The third international 

consensus definitions for sepsis and septic shock (Sepsis-3). JAMA. 
2016;315(8):801–10.

 3. Slade E, Tamber PS, Vincent JL. The Surviving Sepsis Campaign: raising 
awareness to reduce mortality. Crit Care. 2003;7(1):1–2.

 4. Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology of severe sep-
sis in the United States: analysis of incidence, outcome, and associated 
costs of care. Crit Care Med. 2001;29(7):1303–10.

 5. Divatia JV, Amin PR, Ramakrishnan N, et al. INDICAPS Study. Investigators 
Intensive Care in India: the Indian intensive care case mix and practice 
patterns study. Indian J Crit Care Med. 2016;20(4):216–25.

 6. Van Amersfoort ES, Van Berkel TJ, Kuiper J. Receptors, mediators, and 
mechanisms involved in bacterial sepsis and septic shock. Clin Microbiol 
Rev. 2003;16(3):379–414.

 7. Neeser O, Branche A, Mueller B, et al. How to: implement procalcitonin 
testing in my practice. Clin Microbiol Infect. 2019;25(10):1226–30.

 8. Zhydkov A, Christ-Crain M, Thomann R, et al. Utility of procalcitonin, 
C-reactive protein and white blood cells alone and in combination for 
the prediction of clinical outcomes in community-acquired pneumonia. 
Clin Chem Lab Med. 2015;53(4):559–66.

 9. Jekarl DW, Lee S, Kim M, et al. Procalcitonin as a prognostic marker for 
sepsis based on SEPSIS-3. J Clin Lab Anal. 2019;33(9):e22996.

 10. Travaglino F, De Berardinis B, Magrini L, et al. Utility of procalcitonin (PCT) 
and mid regional pro-adrenomedullin (MR-proADM) in risk stratification 
of critically ill febrile patients in Emergency Department (ED). A compari-
son with APACHE II score. BMC Infect Dis. 2012;8(12):184.

 11. Tan M, Lu Y, Jiang H, et al. The diagnostic accuracy of procalcitonin and 
C-reactive protein for sepsis: A systematic review and meta-analysis. J Cell 
Biochem. 2019;120(4):5852–9.

 12. Kondo Y, Umemura Y, Hayashida K, et al. Diagnostic value of procalcitonin 
and presepsin for sepsis in critically ill adult patients: a systematic review 
and meta-analysis. J Intensive Care. 2019;15(7):22.

 13. Tang N, Li D, Wang X, et al. Abnormal coagulation parameters are associ-
ated with poor prognosis in patients with novel coronavirus pneumonia. 
J Thromb Haemost. 2020;18(4):844–7.

 14. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in 
meta-analyses. BMJ. 2003;327(7414):557–60.

 15. Keçe E, Yaka E, Yılmaz S, et al. Comparison of diagnostic and prognostic 
utility of lactate and procalcitonin for sepsis in adult cancer patients pre-
senting to emergency department with systemic inflammatory response 
syndrome. Turk J Emerg Med. 2016;16(1):1–7.

 16. Ulla M, Pizzolato E, Lucchiari M, et al. Diagnostic and prognostic value of 
presepsin in the management of sepsis in the emergency department: a 
multicenter prospective study. Crit Care. 2013;17(4):R168.

 17. Nakajima A, Yazawa J, Sugiki D, et al. Clinical utility of procalcitonin as 
a marker of sepsis: a potential predictor of causative pathogens. Intern 
Med. 2014;53(14):1497–503.

 18. Oliveira CF, Botoni FA, Oliveira CR, et al. Procalcitonin versus C-reactive 
protein for guiding antibiotic therapy in sepsis: a randomized trial. Crit 
Care Med. 2013;41(10):2336–43.

 19. Miglietta F, Faneschi ML, Lobreglio G, et al. Procalcitonin, C-reactive 
protein and serum lactate dehydrogenase in the diagnosis of bacterial 
sepsis, SIRS and systemic candidiasis. Infez Med. 2015;23(3):230–7.

 20. Lin CT, Lu JJ, Chen YC, et al. Diagnostic value of serum procalcitonin, 
lactate, and high-sensitivity C-reactive protein for predicting bacteremia 
in adult patients in the emergency department. PeerJ. 2017;27:5.

 21. Webb AL, Kramer N, Stead TG, et al. Serum procalcitonin level is associ-
ated with positive blood cultures, in-hospital mortality, and septic shock 
in emergency department sepsis patients. Cureus. 2020;12(4):e7812.

 22. Ko YH, Ji YS, Park SY, et al. Procalcitonin determined at emergency depart-
ment as na early indicator of progression to septic shock in patient with 
sepsis associated with ureteral calculi. Int Braz J Urol. 2016;42(2):270–6.

 23. Tsalik EL, Jaggers LB, Glickman SW, et al. Discriminative value of inflamma-
tory biomarkers for suspected sepsis. J Emerg Med. 2012;43(1):97–106.

 24. Wacker C, Prkno A, Brunkhorst FM, et al. Procalcitonin as a diagnostic 
marker for sepsis: a systematic review and meta-analysis. Lancet Infect 
Dis. 2013;13(5):426–35.

 25. Peters RP, Twisk JW, van Agtmael MA, et al. The role of procalcitonin in a 
decision tree for prediction of bloodstream infection in febrile patients. 
Clin Microbiol Infect. 2006;12(12):1207–13.

 26. Nylen E, Muller B, Becker KL, et al. The future diagnostic role of 
procalcitonin levels: the need for improved sensitivity. Clin Infect Dis. 
2003;36(6):823–4.

 27. Vijayan AL, Vanimaya, Ravindran S, et al. Procalcitonin: a promising diag-
nostic marker for sepsis and antibiotic therapy. J Intensive Care. 2017;5:51.

 28. Vorwerk C, Loryman B, Coats TJ, et al. Prediction of mortality in 
adult emergency department patients with sepsis. Emerg Med J. 
2009;26(4):254–8.



Page 14 of 14Zaki et al. Systematic Reviews           (2024) 13:37 

 29. Brodská H, Malíčková K, Adámková V, et al. Significantly higher procalci-
tonin levels could differentiate Gram-negative sepsis from Gram-positive 
and fungal sepsis. Clin Exp Med. 2013;13(3):165–70.

 30. Nakamura A, Wada H, Ikejiri M, Hatada T, Sakurai H, Matsushima Y, Nish-
ioka J, Maruyama K, Isaji S, Takeda T, Nobori T. Efficacy of procalcitonin 
in the early diagnosis of bacterial infections in a critical care unit. Shock. 
2009;31(6):586–91.

 31. Whang KT, Steinwald PM, White JC, et al. Serum calcitonin precur-
sors in sepsis and systemic inflammation. J Clin Endocrinol Metab. 
1998;83(9):3296–301.

 32. Guo SY, Zhou Y, Hu QF, Yao J, Wang H. Procalcitonin is a marker of 
gram-negative bacteremia in patients with sepsis. Am J Med Sci. 
2015;349(6):499–504.

 33. Christ-Crain M, Jaccard-Stolz D, Bingisser R, et al. Effect of procalcitonin-
guided treatment on antibiotic use and outcome in lower respiratory 
tract infections: cluster-randomised, single-blinded intervention trial. 
Lancet. 2004;363(9409):600–7.

 34. Mokart D, Leone M. Procalcitonin in intensive care units: the PRORATA 
trial. Lancet. 2010;375(9726):1605.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Accuracy of procalcitonin for diagnosing sepsis in adult patients admitted to the emergency department: a systematic review and meta-analysis
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Background
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources and search strategy
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Search results
	Study characteristics
	Risk of bias assessment
	Diagnostic accuracy of PCT
	Sensitivity and specificity

	Diagnostic odds ratio
	PCT positive and negative predictive values

	Limitations of the study
	Conclusion
	Appendix
	Detailed search terms
	PubMed
	EMBASE
	Cochrane Library
	ScienceDirect
	ProQuest


	Acknowledgements
	References


