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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%
C10.31 to 0.42); DOR, 7.59 (95% CI 5.31 to 10.85);
AUC, 0.79 (95% C1 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%
Cl 0.59 to 0.78); PLR, 2.40 (95% CIl, 1.83 to 3.15);
NLR, 0.39 (95% CI 0.33 to 0.46); DOR, 6.15 (95%
Cl 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 BSI"
*. Gram-negative BSI is associated with longer
length of hospital stay and high mortality (36.0%-
47.9%)>%. Moreover, ineffective initial antimicrobial
therapy for such kind of episode was associated
with poor outcome”*'°. 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 low'' and sample contamination issue is
also a challenge'?. 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 infections'.
Recently, higher serum PCT level was found to
be associated with Gram-negative BSI, which

Corresponding Author: Yongchun Shen, MD; e-mail: shen_yongchun@126.com 3253



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

suggested PCT may be a promising biomarker for
diagnosing Gram-negative BSI'*!"". 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 x 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).

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-
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erating characteristic (SROC) curves'®. The area
under the curve (AUC) was calculated to assess
the overall diagnostic performance. Heterogene-
ity was assessed using the /* 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 bias".

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
studies®*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

Records identified through database Additional records identified
searching through other sources
(n=387) ®=10)

l |

Records after duplicates removed
(m=101)

l

Records screened Records excluded by title
m=31) and abstract (n =80)

|

Full-text articles assessed Full-text articles excluded,
for eligibility with reasons (n = 18)
n=13) n=18 limited data

l

Publcations included in
qualitative synthesis
m=13)

l

Publcations included in
quantitative synthesis
(meta-analysis)

(@ =13)

Figure 1. Flow diagram of study selection.
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Table II. Characteristics of included studies using procalcitonin to differentiate gram-negative bloodstream infection from Gram-positive bloodstream infection.

w
N
)]
(e}

Cutoff
(ng/mL)

Study
design

Study population/

Author

Controls TP FP FN TN QUADAS

Cases

Assay

Setting

Country Episodes

Year

(Ref)

10
10
12
10

17
37

21

12
52
1067

10

16
0.6
6.47

IFA
IFA

Prospective

Oncology
ICU

33
97
2042

Germany
France

1999

2008

Engel®

13
246 612

39
821

45
975

Retrospective

Charles*

363

IFA
CLEI

Cross-sectional
Retrospective
Prospective

Multi-departments
Multi-departments
Multi-departments

ICU, ED

2015 France

Oussalah?

Guo*
Lel?
Yan?
Li30

46
178

17

138

1
39
99
44

65 57 48
207

345
254

122

China
Italy

2015

217
202

10.8
0.495

IFA
IFA

562
456
298

2015

103

70
36

184

Retrospective
Retrospective
Retrospective

China

2016

96
26

122

2.44 158 140

IFA
ECLIA

Multi-departments

Multi-departments

China

2016

79 30 12

91 56

2.1

147

China

2017

Liu®

immunofluorescent assay; CLEI, chemiluminescent enzyme immunoassay; NA: not available; ECLIA:

intensive care unit; ED: Emergency Department; IFA:

ICU:

electrochemiluminescence immunoassay; TP: True positive; FP: False positive; FN: False negative; TN: true negative; QUADAS: Quality Assessment of Diagnostic Accuracy

Studies.

(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 CRP*™, presepsin®’®, interleukin-1 receptor
2", should be evaluated. It is reported that serial
evaluations of PCT seem to be more accurate to
diagnose BSI in cancer patients®, 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-
suppression®'*¢. 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
PCT*. 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 method*, study populations?!,
bacterial species®, etc. Although we didn’t
identify cut-off value of PCT as a source of
heterogeneity in the meta-regression analysis,
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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.

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.

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

No. of AUC  Sensitivity Specificity PLR NLR DOR
Aims studies Cases Controls (95% Cl) (95%Cl]  (95%Cl)  (95%Cl)  (95% ClI) (95% CI)
1 13 2298 2215 0.79 0.73 0.74 277 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
(073-0.81) (0.66-0.78)  (0.59-0.78)  (1.83-3.15)  (0.33-0.46) (4.40-8.60)

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

Covariates No. of studies Coefficient SE RDOR (95% Cl) 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

SE: Standard error; RDOR: Relative diagnostic odds

diagnostic accuracy studies.

Sensitivity

Sensitivity

o
»

B SROC with Conﬁdenci and Predictive Ellipses

ratio; CI: Confidential interval, QUADAS: Quality assessment for

x Observed Data

Summary Operating Point
* SENS =0.73 [0.68 - 0.78]
SPEC=074[064-081

SROC Curve
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....... 95% Prediction Elipse

1.0 0.5
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o
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ating Point
SENS 073{066 0.78] ‘
SPEC=0.70[059-0.78

SROCC
AUC=077|073-081]
95% Confidence Elipse
95% Prediction Elipse

1.0 0.5
Specificity

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.
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Gram-negative BSI; B, Differentiating Gram-negative BSI
from Gram-positive BSI.
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