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Abstract. – OBJECTIVE: Procalcitonin (PCT) 
is a useful biomarker for systemic bacterial in-
fection, and many studies have described the 
correlation between high serum PCT level and 
Gram-negative bloodstream infection (BSI), 
whereas the diagnostic accuracy of PCT for this 
kind of episode has not been summarized. This 
study aimed to estimate the overall accuracy of 
serum PCT for diagnosing Gram-negative BSI 
through a meta-analysis.

MATERIALS AND METHODS: We searched 
PubMed, EMBASE, Web of Science, and Scopus 
database for studies those met the inclusion cri-
teria. The pooled sensitivity, specificity, posi-
tive/negative likelihood ratio (PLR/NLR), and di-
agnostic odds ratio (DOR) were calculated us-
ing bivariate random-effects models. Summary 
receiver operating characteristic (SROC) curve 
and area under the curve (AUC) were used to 
summarize overall diagnostic accuracy. 

RESULTS: Our meta-analysis included 13 
studies involving 4,513 subjects. Summary esti-
mates for PCT in diagnosing Gram-negative BSI 
were as follows: sensitivity, 0.73 (95% CI 0.68 
to 0.78); specificity, 0.74 (95% CI 0.64 to 0.81); 
PLR, 2.77 (95% CI 2.07 to 3.70); NLR, 0.37 (95% 
CI 0.31 to 0.42); DOR, 7.59 (95% CI 5.31 to 10.85); 
AUC, 0.79 (95% CI 0.75 to 0.82). The correspond-
ing summary performance estimates for using 
PCT in differentiating Gram-negative BSI from 
gram-positive BSI were as follows: sensitivity, 
0.73 (95% CI 0.66 to 0.78); specificity, 0.70 (95% 
CI 0.59 to 0.78); PLR, 2.40 (95% CI, 1.83 to 3.15); 
NLR, 0.39 (95% CI 0.33 to 0.46); DOR, 6.15 (95% 
CI 4.40 to 8.60); AUC, 0.77 (95% CI 0.73 to 0.81).

CONCLUSIONS: PCT may have a limited diag-
nostic value for Gram-negative BSI. 

Key Words:
Procalcitonin, Bloodstream infection, Gram-nega-

tive bacteria, Diagnosis, Meta-analysis. 

Introduction

Bloodstream infection (BSI) is a life-threaten-
ing situation resulting from the presence of organ-
isms in the blood. Gram-negative bacteria have 
emerged as the prevalent pathogens causing BSI1-

4. Gram-negative BSI is associated with longer 
length of hospital stay and high mortality (36.0%-
47.9%)5-8. Moreover, ineffective initial antimicrobial 
therapy for such kind of episode was associated 
with poor outcome7,9,10. In practice, it is hard to diag-
nose BSI alone based on clinical manifestations. So, 
a reliable laboratory diagnostic method, which can 
guide early and accurate diagnosis of Gram-nega-
tive BSI, is crucial for patients.

Blood culture is regarded as the gold standard 
for laboratory diagnosis of bacterial BSI. Usually, 
1-2 day is required to obtain Gram-stain result by 
direct smear from positive blood culture bottles. 
Sometimes, the result of direct smear method is 
not available because of its low sensitivity and 
specificity, and another 1-2 day is needed for 
obtaining the stain results from bacterial col-
ony on the culture plate. Moreover, sensitivity 
of blood culture method for diagnosing BSI is 
relatively low11 and sample contamination issue is 
also a challenge12. So biomarkers, which can help 
to early and accurately diagnose Gram-negative 
BSI, are useful for appropriate initial antibiotic 
therapy of the patients.

Procalcitonin (PCT) is a 116-amino-acid pep-
tide synthesized by the C cells in the thyroid 
gland. Elevated serum levels of PCT are strongly 
associated with systemic bacterial infections13. 
Recently, higher serum PCT level was found to 
be associated with Gram-negative BSI, which 
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suggested PCT may be a promising biomarker for 
diagnosing Gram-negative BSI14-17. Therefore, we 
conducted a meta-analysis to evaluate the overall 
diagnostic accuracy of serum PCT for Gram-neg-
ative BSI.

 

Materials and Methods

Study Selection
Two investigators (YCS and CH) conducted 

an independent literature search to identify rel-
evant studies among the articles published up 
to January 2017 in PubMed, EMBASE, Web of 
Science, and Scopus database. The following 
search syntax was used as Medical Headings 
and/or text words: ‘‘procalcitonin or PCT’’ and 
‘‘bacteremia or bloodstream infection or sep-
sis” and “sensitivity or specificity or accuracy”. 
Reference lists of the included studies or related 
review articles were also checked to identify 
potentially eligible studies. The following inclu-
sion criteria were applied: (1) studies were orig-
inal research articles and published in English; 
(2) studies evaluated the accuracy of serum 
PCT level for diagnosing Gram-negative BSI 
in adults (>18 years old); (3) studies reported 
sufficient data for calculating the value of true 
positive (TP), false positive (FP), false negative 
(FN) and true negative (TN). Conference pro-
ceedings and studies published only as abstracts 
and studies involving fewer than 20 patients 
were excluded. Discrepancies between these two 
investigators were resolved by consultation with 
a third researcher (BW).

Data Extraction and Quality Assessment 
of the Studies 

Two investigators (BW and YFW) inde-
pendently extracted data from the eligible studies 
and conducted 2 × 2 tables for calculating TP, FP, 
FN and TN values. The following data were also 
extracted: name of first author, publication year, 
country, study setting, study design, PCT assay 
method, and cut-off value. The quality of these 
studies was assessed using Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS)18.

Statistical Analysis 
Using bivariate regression model, we calcu-

lated pooled estimates of sensitivity and speci-
ficity, positive likelihood ratios (PLR), negative 
likelihood ratios (NLR), diagnostic odds ratios 
(DOR) and constructed summary receiver op-

erating characteristic (SROC) curves18. The area 
under the curve (AUC) was calculated to assess 
the overall diagnostic performance. Heterogene-
ity was assessed using the I2 inconsistency test. 
Possible causes of heterogeneity among studies 
were explored through subgroup analyses: study 
site (European vs. Asian), sample size (< 100 sub-
jects vs. ≥ 100 subjects), study population/setting 
(multi-departments vs. other), study design (pro-
spective vs. other), assay method (immunofluo-
rescent assay vs. other), serum PCT cut-off value 
(< 1 ng/mL vs. ≥ 1 ng/mL), and QUADAS score 
(< 10 vs. ≥ 10). Deeks’s funnel plot was used to 
detect publication bias19. 

Statistical Analysis 
Statistical analysis was conducted by software 

STATA 12.0 (Stata Corporation, Lakeway Drive 
College Station, TX, USA) and Meta-Disc XI 
for Windows (Cochrane Colloquium, Barcelona, 
Spain). All statistical tests were two-sided, with p 
< 0.05 as the threshold for statistical significance.

Results

Characteristics of Included Studies
In our present meta-analysis, we included 13 

studies20-32, involving 4,513 subjects (2,298 BSI 
cases and 2,215 controls), according to the in-
clusion and exclusion criteria. The process of 
selecting studies was shown in Figure 1. All the 

Figure 1. Flow diagram of study selection.
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included studies have examined the ability of 
serum PCT to diagnose Gram-negative BSI20-32, 
and 8 of them determined the ability of serum 
PCT to differentiate Gram-negative BSI from 
Gram-positive BSI20,22,25-27,29,30,32. The diagnosis of 
Gram-negative BSI was all based on the results 
of blood culture. The characteristics of included 
studies were summarized in Tables I-II.

Diagnostic Accuracy of Serum PCT 
The overall sensitivity and specificity of PCT 

to diagnose Gram-negative BSI were 0.73 and 
0.74, respectively (Figure 2a), and AUC of SROC 
curve was 0.79 (95% CI: 0.75-0.82) (Figure 3a). 
The corresponding values of PCT to differentiate 
Gram-negative BSI from Gram-positive BSI were 
0.73, 0.70 and 0.77, respectively (Figure 2b, 3b). 
The pooled parameters calculated over studies 
examining serum PCT to diagnose Gram-nega-
tive BSI were listed in Table III.

Heterogeneity Examination and 
Publication Bias of the Studies

High I2 values of sensitivity and specificity 
suggest substantial heterogeneity among included 
studies (Figure 2, all p < 0.05), so we performed a 
meta-regression to investigate the possible sourc-
es of heterogeneity. The results of meta-regres-
sion based on 7 covariates were summarized in 
Table IV, which indicated none of them was the 
source of heterogeneity (all p > 0.05). The slope 
coefficient of Deeks’ funnel plot asymmetry test 
was associated with p-values of 0.07 and 0.53, 
suggesting symmetry in the data and low likeli-
hood of such bias (Figure 4).

Discussion

The early and accurate diagnosis of 
Gram-negative BSI was associated with better 
clinical outcome33-35. Serum PCT is biomarker 
for diagnosing systematic bacterial infection36, 
while its overall accuracy in differential diag-
nosis of Gram-negative BSI remains unclear. 
In our study, we summarized the overall diag-
nostic performance of PCT for Gram-negative 
BSI through a meta-analysis, and our results 
suggested that the value of PCT in diagnosing 
Gram-negative BSI may be limited.

The sensitivity and specificity of PCT in di-
agnosing Gram-negative BSI were 0.73 and 0.74, 
respectively, suggesting a relatively high rate 
of missed diagnoses (27%) and misdiagnoses Ta
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(26%). PLR > 10 and NLR < 0.1 are considered 
as strong indicators to rule in or rule out a di-
agnostic test, respectively. In our meta-analysis, 
PLR was 2.77 and NLR was 0.37, suggesting 
relatively low ability to diagnose Gram-negative 
BSI, consistent with the AUC in SROC analy-
sis was 0.79. Additionally, it appears the PCT 
is not robust enough on its own to diagnose 
Gram-negative BSI with a low pooled DOR of 
7.59, suggesting that the diagnostic accuracy of 
PCT combination with other biomarkers, such 
as CRP37,38, presepsin37,38, interleukin-1 receptor 
215, should be evaluated. It is reported that serial 
evaluations of PCT seem to be more accurate to 
diagnose BSI in cancer patients39, which sug-
gested that further work might aim to determine 
whether continuously monitoring serum PCT 
level increases the sensitivity and specificity 
of diagnosing Gram-negative BSI or not. Al-
so, diagnostic performance of PCT for BSI in 
immunocompromised/neutropenic patients was 
lower than that in patients without immuno-
suppression31,36. Studies in different populations 
(such as patients in intensive care unit, cancer 
patients, and transplant patients, etc.) should be 
performed to get a definite conclusion.

It is reported that Gram-negative bacteria 
and Gram-positive bacteria may activate dif-
ferent Toll-like receptor signaling pathways, 
resulting in the production of distinct pro-in-
flammatory cytokines that stimulate PCT re-
lease. Gram-negative bacteria can produce en-
dotoxins that can also be released upon cell 
death, leading to persistently high levels of 
PCT40. Our meta-analysis found that the diag-
nostic performance of PCT in discriminating 
Gram-negative BSI from Gram-positive BSI 
is also not so good, with pooled sensitivity of 
0.73, specificity of 0.70, and AUC of 0.77.

Our study has identified significant heteroge-
neity among included studies, while we didn’t 
find the source of heterogeneity through a me-
ta-regression analysis regarding the study site, 
sample size, study population/setting, study 
design, assay method, serum PCT cut-off val-
ue, and QUADAS score. Whereas, it is needed 
to pay attention to that cut-off value of PCT 
in diagnosing Gram-negative BSI ranged from 
0.015 ng/mL to 10.8 ng/mL, such variation in 
cut-off value partly reflects differences in study 
context: assay method41, study populations31, 
bacterial species29, etc. Although we didn’t 
identify cut-off value of PCT as a source of 
heterogeneity in the meta-regression analysis, Ta
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specific cut-off values for different populations 
and bacterial species might give more useful 
information for clinical practice.

The findings of this meta-analysis should be 
interpreted with caution due to a few limitations. 
First, with our strict inclusion criteria, the number 
of included studies is limited. Second, we omitted 
unpublished studies and studies not indexed in our 
set of databases, which may bias for our results.

Conclusions

Our present meta-analysis suggests that PCT 
may play a limited role in diagnosing Gram-neg-
ative BSI. Further prospective work related on 
PCT combination with other biomarkers, dy-
namic evaluation of PCT, and PCT variation in 
different populations and species, might obtain a 
more definite conclusion. 

Figure 2. Forest plots of sensitivity and specificity for diagnosing Gram-negative bloodstream infection (BSI) using 
procalcitonin. A, Diagnosing Gram-negative BSI; B, Differentiating Gram-negative BSI from Gram-positive BSI.

Aim 1: diagnosing Gram-negative BSI; Aim 2: differentiating Gram-negative BSI from Gram-positive BSI; AUC, Area under 
the curve; CI: Confidential interval; PLR: Positive likelihood ratio; NLR: Negative likelihood ratio; DOR: Diagnostic odds ratio.

Table III. Accuracy of procalcitonin for diagnosing Gram-negative bloodstream infection (BSI).

		  No. of			   AUC	 Sensitivity	 Specificity	 PLR	 NLR	 DOR
	Aims	 studies	 Cases	 Controls	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)

1	 13	 2298	 2215	 0.79	 0.73	 0.74	 2.77	 0.37	 7.59
				    (0.75-0.82)	 (0.68-0.78)	 (0.64-0.81)	 (2.07-3.70)	 (0.31-0.42)	 (5.31-10.85)
2	 8	 2044	 1713	 0.77	 0.73	 0.70	 2.40	 0.39	 6.15
				    (0.73-0.81)	 (0.66-0.78)	 (0.59-0.78)	 (1.83-3.15)	 (0.33-0.46)	 (4.40-8.60)
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SE: Standard error; RDOR: Relative diagnostic odds ratio; CI: Confidential interval; QUADAS: Quality assessment for 
diagnostic accuracy studies.

Table IV. Meta-regression of potential heterogeneity among the included studies.

	 Covariates	 No. of studies	 Coefficient	 SE	 RDOR (95% CI)	 p-value

Country					   
    European	 9	 0.48	 0.37	 1.61 (0.57-4.54)	 0.27
    Asian	 4				  
Sample size					   
    < 100	 4	 -0.63	 0.44	 0.53 (0.16-1.81)	 0.23
    ≥ 100	 9				  
Study population/setting					   
    Multi-departments	 5	 0.35	 0.25	 1.42 (0.71-2.83)	 0.23
    Other	 8				  
Study design					   
    Prospective	 5	 -0.79	 0.35	 0.45 (0.17-1.21)	 0.09
    Other	 8				  
Assay 					   
    IFA	 9	 -0.65	 0.24	 0.52 (0.27-1.03)	 0.06
    Other	 4				  
Cut-off					   
    < 1.0 ng/mL	 5	 0.26	 0.25	 1.29 (0.65-2.56)	 0.36
    ≥ 1  ng/mL	 8				  
QUADAS score					   
    < 10 	 4	 -0.29	 0.33	 0.75 (0.30-1.87)	 0.43
    ≥ 10	 9				  

Figure 3. Summary receiver operating characteristic 
(SROC) curve for procalcitonin as a diagnostic test 
for Gram-negative bloodstream infection (BSI). The 
SROC curves with confidence and prediction regions 
around mean operating sensitivity and specificity 
point analyses. AUC, area under the curve; SENS, 
Sensitivity; SPEC, Specificity. A, Diagnosing Gram-
negative BSI; B, Differentiating Gram-negative BSI 
from Gram-positive BSI.



Can procalcitonin be used to diagnose Gram-negative bloodstream infection?

3259

Acknowledgements
This work was supported by grants No.81201342 from the 
National Natural Science Foundation of China, and projects 
No.16PJ325 from Health and Family Planning Commission 
of Sichuan province. The funders had no role in study de-
sign, data collection and analysis, decision to publish, or 
preparation of the manuscript. 

Conflict of Interest
No conflict of interests to disclose.

References

  1)	 Ahmed D, Nahid MA, Sami AB, Halim F, Akter N, 
Sadique T, Rana MS, Elahi MS, Rahman MM. Bac-
terial etiology of bloodstream infections and an-
timicrobial resistance in Dhaka, Bangladesh, 
2005-2014. Antimicrob Resist Infect Control 
2017; 6: 2.

  2)	 Wang L, Wang Y, Fan X, Tang W, Hu J. Prevalence 
of resistant Gram-negative bacilli in bloodstream 
infection in febrile neutropenia patients undergo-
ing hematopoietic stem cell transplantation: a sin-
gle center retrospective cohort study. Medicine 
(Baltimore) 2015; 94: e1931.

  3)	 Daxboeck F, Assadian O, Blacky A, Koller W, Hirschl 
AM. Resistance of Gram-negative non-fermen-
tative bacilli causing blood stream infection, Vi-
enna, 1996-2003. Eur J Clin Microbiol Infect Dis 
2004; 23: 415-416.

  4)	 Lopez-Medrano F, Fernandez-Ruiz M, Ruiz-Cano 
MJ, Barrios E, Vicente-Hernandez M, Aguado JM, 
Escribano P. High incidence of bloodstream in-
fection due to Gram-negative bacilli in patients 
with pulmonary hypertension receiving intrave-
nous treprostinil. Arch Bronconeumol 2012; 48: 
443-447.

  5)	 Papadimitriou-Olivgeris M, Fligou F, Bartzavali C, 
Zotou A, Spyropoulou A, Koutsileou K, Vamvakopou-
lou S, Sioulas N, Karamouzos V, Anastassiou ED, 
Spiliopoulou I, Christofidou M, Marangos M. Car-
bapenemase-producing Klebsiella pneumoniae 
bloodstream infection in critically ill patients: risk 
factors and predictors of mortality. Eur J Clin Mi-
crobiol Infect Dis 2017; 36: 1125-1131.

  6)	 Durdu B, Hakyemez IN, Bolukcu S, Okay G, Gultepe 
B, Aslan T. Mortality markers in nosocomial Kleb-
siella pneumoniae bloodstream infection. Spring-
erplus 2016; 5: 1892.

  7)	 Prowle JR, Echeverri JE, Ligabo EV, Sherry N, Taori 
GC, Crozier TM, Hart GK, Korman TM, Mayall BC, 
Johnson PD, Bellomo R. Acquired bloodstream in-
fection in the intensive care unit: incidence and 
attributable mortality. Crit Care 2011;15: R100.

  8)	 Sostarich AM, Zolldann D, Haefner H, Luetticken 
R, Schulze-Roebecke R, Lemmen SW. Impact of mul-
tiresistance of Gram-negative bacteria in blood-
stream infection on mortality rates and length of 
stay. Infection 2008; 36: 31-35.

  9)	 Freire MP, de Oliveira Garcia D, Garcia CP, Campag-
nari Bueno MF, Camargo CH, Kono Magri AS, Fran-
cisco GR, Reghini R, Vieira MF, Ibrahim KY, Rossi F, 
Hajjar L, Levin AS, Hoff PM, Pierrotti LC, Abdala 
E. Bloodstream infection caused by extensively 
drug-resistant acinetobacter baumannii in cancer 
patients: high mortality associated with delayed 
treatment rather than with the degree of neutro-
penia. Clin Microbiol Infect 2016; 22: 352-358.

10)	 Oriol I, Sabe N, Melilli E, Llado L, Gonzalez-Costel-
lo J, Soldevila L, Carratala J. Factors influencing 
mortality in solid organ transplant recipients with 
bloodstream infection. Clin Microbiol Infect 2015; 
21: 1104e09-1104e14.

11)	 McDonald LC, Fune J, Gaido LB, Weinstein MP, Re-
imer LG, Flynn TM, Wilson ML, Mirrett S, Reller 
LB. Clinical importance of increased sensitivity 
of BacT/Alert FAN aerobic and anaerobic blood 
culture bottles. J Clin Microbiol 1996; 34: 2180-
2184.

12)	 Bloos F, Senderrek M, Bauer M. Sensitivity of blood 
culture vs polymerase chain reaction for skin con-

Figure 4. Deek’s funnel plot to assess the likelihood of 
publication bias. The statistically non-significant p-value 
> 0.05 for the slope coefficient suggests symmetry in the 
data and a low likelihood of publication bias. A, Diagnosing 
Gram-negative BSI; B, Differentiating Gram-negative BSI 
from Gram-positive BSI.



C. He, B. Wang, Y.-F. Wang, Y.-C. Shen

3260

taminants in specimen retrieved via the distal lu-
men of Seldinger-guided central venous cathe-
ters. Chest 2014; 145: 430-431.

13)	 Christ-Crain M, Muller B. Procalcitonin in bacterial 
infections--hype, hope, more or less? Swiss Med 
Wkly 2005; 135: 451-460.

14)	 Nakajima A, Yazawa J, Sugiki D, Mizuguchi M, Sagara 
H, Fujisiro M, Shibazaki M, Hitani A, To M, Haruki K. 
Clinical utility of procalcitonin as a marker of sep-
sis: a potential predictor of causative pathogens. 
Intern Med 2014; 53: 1497-1503.

15)	 Lang Y, Jiang Y, Gao M, Wang W, Wang N, Wang K, 
Zhang H, Chen G, Liu K, Liu M, Yang M, Xiao X. In-
terleukin-1 receptor 2: a new biomarker for sepsis 
diagnosis and Gram-negative/Gram-positive bac-
terial differentiation. Shock 2017; 47: 119-124.

16)	 Arai T, Ohta S, Tsurukiri J, Kumasaka K, Nagata K, 
Okita T, Oomura T, Hoshiai A, Koyama M, Yukioka 
T. Procalcitonin levels predict to identify bacterial 
strains in blood cultures of septic patients. Am J 
Emerg Med 2016; 34: 2150-2153.

17)	 Watanabe Y, Oikawa N, Hariu M, Fuke R, Seki M. Abil-
ity of procalcitonin to diagnose bacterial infection 
and bacteria types compared with blood culture 
findings. Int J Gen Med 2016; 9: 325-331.

18)	 Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt 
PM, Zwinderman AH. Bivariate analysis of sensitiv-
ity and specificity produces informative summary 
measures in diagnostic reviews. J Clin Epidemiol 
2005; 58: 982-990.

19)	 Deeks JJ, Macaskill P, Irwig L. The performance of 
tests of publication bias and other sample size ef-
fects in systematic reviews of diagnostic test ac-
curacy was assessed. J Clin Epidemiol 2005; 58: 
882-893.

20)	 Engel A, Steinbach G, Kern P, Kern WV. Diagnostic 
value of procalcitonin serum levels in neutropenic 
patients with fever: comparison with interleukin-8. 
Scand J Infect Dis 1999; 31: 185-189.

21)	 Prat C, Sancho JM, Dominguez J, Xicoy B, Gimenez 
M, Ferra C, Blanco S, Lacoma A, Ribera JM, Ausina 
V. Evaluation of procalcitonin, neopterin, C-reac-
tive protein, IL-6 and IL-8 as a diagnostic mark-
er of infection in patients with febrile neutropenia. 
Leuk Lymphoma 2008; 49: 1752-1761.

22)	 Charles PE, Ladoire S, Aho S, Quenot JP, Doise JM, 
Prin S, Olsson NO, Blettery B. Serum procalci-
tonin elevation in critically ill patients at the onset 
of bacteremia caused by either Gram negative or 
Gram positive bacteria. BMC Infect Dis 2008; 8: 
38.

23)	 Koivula I, Hamalainen S, Jantunen E, Pulkki K, Kuitti-
nen T, Nousiainen T, Juutilainen A. Elevated procal-
citonin predicts Gram-negative sepsis in haema-
tological patients with febrile neutropenia. Scand 
J Infect Dis 2011; 43: 471-478.

24)	 Brodska H, Malickova K, Adamkova V, Benakova H, 
Stastna MM, Zima T. Significantly higher procal-
citonin levels could differentiate Gram-negative 
sepsis from Gram-positive and fungal sepsis. Clin 
Exp Med 2013; 13: 165-170.

25)	 Oussalah A, Ferrand J, Filhine-Tresarrieu P, Aissa N, 
Aimone-Gastin I, Namour F, Garcia M, Lozniewski A, 
Gueant JL. Diagnostic accuracy of procalcitonin 
for predicting blood culture results in patients 
with suspected bloodstream infection: an obser-
vational study of 35,343 consecutive patients (a 
STROBE-compliant article). Medicine (Baltimore) 
2015; 94: e1774.

26)	 Guo SY, Zhou Y, Hu QF, Yao J, Wang H. Procalci-
tonin is a marker of Gram-negative bacteremia 
in patients with sepsis. Am J Med Sci 2015; 349: 
499-504.

27)	 Leli C, Ferranti M, Moretti A, Al Dhahab ZS, Cenci 
E, Mencacci A. Procalcitonin levels in Gram-posi-
tive, Gram-negative, and fungal bloodstream in-
fections. Dis Markers 2015; 2015: 701480.

28)	 Vincenzi B, Fioroni I, Pantano F, Angeletti S, Dicuon-
zo G, Zoccoli A, Santini D, Tonini G. Procalcitonin 
as diagnostic marker of infection in solid tumors 
patients with fever. Sci Rep 2016; 6: 28090.

29)	 Yan ST, Sun LC, Jia HB, Gao W, Yang JP, Zhang 
GQ. Procalcitonin levels in bloodstream infec-
tions caused by different sources and species of 
bacteria. Am J Emerg Med 2017; 35: 579-583.

30)	 Li S, Rong H, Guo Q, Chen Y, Zhang G, Yang J. Se-
rum procalcitonin levels distinguish Gram-nega-
tive bacterial sepsis from Gram-positive bacterial 
and fungal sepsis. J Res Med Sci 2016; 21: 39.

31)	 Stoma I, Karpov I, Uss A, Rummo O, Milanovich N, 
Iskrov I. Diagnostic value of sepsis biomarkers in 
hematopoietic stem cell transplant recipients in 
a condition of high prevalence of Gram-negative 
pathogens. Hematol Oncol Stem Cell Ther 2017; 
10: 15-21.

32)	 Liu HH, Zhang MW, Guo JB, Li J, Su L. Procal-
citonin and C-reactive protein in early diagno-
sis of sepsis caused by either Gram-negative or 
Gram-positive bacteria. Ir J Med Sci 2017; 186: 
207-212.

33)	 Micek ST, Welch EC, Khan J, Pervez M, Doherty 
JA, Reichley RM, Hoppe-Bauer J, Dunne WM, Kollef 
MH. Resistance to empiric antimicrobial treat-
ment predicts outcome in severe sepsis associat-
ed with Gram-negative bacteremia. J Hosp Med 
2011; 6: 405-410.

34)	 Michalopoulos A, Falagas ME, Karatza DC, Alexan-
dropoulou P, Papadakis E, Gregorakos L, Chalevelakis 
G, Pappas G. Epidemiologic, clinical characteris-
tics, and risk factors for adverse outcome in mul-
tiresistant Gram-negative primary bacteremia of 
critically ill patients. Am J Infect Control 2011; 39: 
396-400.

35)	 Blot S, Vandewoude K, De Bacquer D, Colardyn F. 
Nosocomial bacteremia caused by antibiotic-re-
sistant Gram-negative bacteria in critically ill pa-
tients: clinical outcome and length of hospitaliza-
tion. Clin Infect Dis 2002; 34: 1600-1606.

36)	 Hoeboer SH, van der Geest PJ, Nieboer D, Groeneveld 
AB. The diagnostic accuracy of procalcitonin for 
bacteraemia: a systematic review and meta-anal-
ysis. Clin Microbiol Infect 2015; 21: 474-481.



Can procalcitonin be used to diagnose Gram-negative bloodstream infection?

3261

37)	 Enguix-Armada A, Escobar-Conesa R, Garcia-De La 
Torre A, De La Torre-Prados MV. Usefulness of 
several biomarkers in the management of septic 
patients: C-reactive protein, procalcitonin, prese-
psin and mid-regional pro-adrenomedullin. Clin 
Chem Lab Med 2016; 54: 163-168.

38)	 Plesko M, Suvada J, Makohusova M, Waczulikova I, 
Behulova D, Vasilenkova A, Vargova M, Stecova A, 
Kaiserova E, Kolenova A. The role of CRP, PCT, 
IL-6 and presepsin in early diagnosis of bacte-
rial infectious complications in paediatric hae-
mato-oncological patients. Neoplasma 2016; 63: 
752-760.

39)	 Sbrana A, Torchio M, Comolli G, Antonuzzo A, 
Danova M, Italian Network for Supportive Care in O. 
Use of procalcitonin in clinical oncology: a litera-
ture review. New Microbiol 2016; 39: 174-180.

40)	K umar S, Ingle H, Prasad DV, Kumar H. Recognition 
of bacterial infection by innate immune sensors. 
Crit Rev Microbiol 2013; 39: 229-246.

41)	 Dupuy AM, Ne M, Bargnoux AS, Badiou S, Cristol JP. 
Analytical evaluation of Lumipulse(R) BRAHMS 
PCT CLEIA assay and clinical performances in 
an unselected population as compared with cen-
tral lab PCT assay. Clin Biochem 2017; 50: 248-
250.


