L))

Check for
updat

Original Articl

Ability of serum procalcitonin to distinguish focus of infection and
pathogen types in patients with bloodstream infection

Yinzhi Leng"’, Caiyun Chen’, Yongxiang Zhang’, Can Luo’, Bo Liu’

'Department of Infection Management Office, Nanjing Hospital of Chinese Medicine, Nanjing 210001, China; *Department of Infection
Management Office, ‘Department of Pharmacy, The First Affiliated Hospital of Nanjing Medical University, Nanjing 210029, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: Y Zhang; (III) Provision of study materials or patients: None;
(IV) Collection and assembly of data: Y Leng, C Chen; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

Correspondence to: Can Luo, MD; Bo Liu, MD. 300 Guangzhou Road, Gulou District, Nanjing 210029, China. Email: annyluocan@163.com;

liusanbo@163.com.

Background: Serum procalcitonin (PCT) is a widely recognized inflammatory marker which can
distinguish systemic bacterial infection from other types of infections. The ability of PCT levels to
distinguish different pathogens from different focus of infection is contradictory.

Methods: This study included 551 patients with bloodstream infection (BSI) diagnosed with positive blood
culture (BC) during Jan 2013 and May 2018. The patients were divided into two groups with or without
definite focus of infection. In this study, we analyzed PCT levels induced by Gram-positive bacteria, Gram-
negative bacteria and fungal infection. Relationship of time between PCT peak and BC collection, and the
impact of antibiotics usage on PCT peak distribution were examined.

Results: For patients without definite focus of infection, the serum PCT values of Gram-negative bacteria
were higher than that of Gram-positive bacteria (P<0.05). A cut-off value of 7.54 ng/mL for PCT showed a
sensitivity of 88.3%. For patients with definite focus of infection, the serum PCT values of Gram-negative
bacteria were significantly higher than Gram-positive bacteria in patients with lower respiratory tract
(P=0.003), abdominal (P=0.039), urinary tract infection (P=0.025), but not in patients with upper respiratory
tract infection (P=0.664). The PCT values between multidrug-resistant organism (MDRO) and sensitive
bacteria were not statistically significant (P>0.05) among all patients. Moreover, among patients who use
antibiotics before BC collection, the longer antibiotics used, the higher trend of the proportion for PCT
peak distribution after BC collection. The higher proportion of antibiotics combined before BC collection,
the lower proportion of PCT peak distribution appeared before BC collection, and the higher the proportion
of PCT peak distribution appeared after BC collection.

Conclusions: PCT value is determined by many factors. PCT value is related to not only Gram-positive
bacteria or Gram-negative bacteria, but also related to specific pathogens, and specific of infection sites etc.

The use of Antibiotics is also an important factor of PCT value.
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Introduction threatening situation to patients, BSI usually appears in
Bloodstream infection (BSI) caused by pathogenic bacteria departments such as medicine, clinical surgery, neonatology

infection is a common clinical illness which could pose life- and intensive care units (ICU). Especially, the incidence of
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BSI in ICU department is 30-40% (1), and the mortality
rate of BSI can be up to 41.2% (2). Early diagnosis and
treatment of BSI is critical to prognosis; however, rapid
diagnosis is a challenge for clinical departments. It is well
known that blood culture (BC) is the widely recognized
gold standard method of BSI diagnosis, but it takes at least
24 hours to obtain a result, which seriously affects the efficacy
of early diagnosis and clinical treatment (3). Although the
newly developed molecular diagnosis method—polymerase
chain reaction (PCR), is rather rapid, this technique is
expensive, time-consuming, and requires special equipment,
which limits its routine application in clinical laboratory (4).

Serum procalcitonin (PCT) is one of the alternative
inflammation markers in the rapid BSI inspection. PCT is
a procalcitonin substance without hormone activity which
contains 116 amino acids. The secretion of PCT increases
significantly after a stimulation of various of inflammations
and infections (5). Recent studies showed that PCT was
a promising inflammatory marker, which can distinguish
systemic bacterial infection from other types of infections,
judge the severity of bacterial infection, estimate the
therapeutic effect and prognosis of BSI, and guide the use of
antibiotics (6-9). Some recent studies have further found that
PCT can distinguish different types of pathogenic bacteria
on the basis of Gram staining in patients with BSI (1,10,11),
providing rapid support for the preliminary selection of
antibiotics. However, other studies did not show these
findings (12,13). This indicates that distinguishing different
types of pathogenic infections could not be determined by
PCT test alone. Currently, the reason of the divergences
about whether the PCT value could distinguish different
pathogen types or not mainly lies on the differences in the
research population, the criteria of inclusion, the acquisition
time of PCT values and the interpretation of the results.
However, there is no research focusing on the impact of
antibiotics on the PCT value. In addition, Watanabe and his
colleges (14) found that the PCT values of the BSI caused by
multidrug-resistant organism (MDRO) were higher than that
of the BSI caused by sensitive bacteria. However, the sample
size in this study is too small, which requires further studies
to confirm the conclusion.

The aims of this study are to examine (I) the association
between PCT values of patients with BSIs and pathogen
types; (II) the impact of MDRO infections on PCT values;
and (III) the impact of antibiotics usage on the peak
distribution on PCT values.
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Methods
Study population

We retrospectively reviewed the medical files of all patients
admitted to the First Affiliated Hospital of Nanjing
Medical University (Nanjing, China) for subsequent
BSI between January 1, 2013 and May 31, 2018. Data of
1,747 patients were collected. Inclusion criteria: diagnosed
with BSI; having been given at least two times of PCT
during hospitalization; showing only single pathogen after
BC, or only one definite local focus of infection except
for BSI (this focus was caused by the same pathogen
to that cultured). Exclusion criteria: polymicrobial
cultures separated; aged less than 18 years old; and BC
contaminated.

Definitions

BSI is defined as the pathogen is discovered in one or more
BCs from a patient with infection signs (such as fever, chills,
and sweats) with or without local signs and symptoms.
Patients with polymicrobial cultures were not eligible.
Coagulase-negative staphylococci (CNS), Corynebacterium
spp., and other skin commensals are considered as
contaminants in isolating BCs. Diagnosis of CNS-related
BSI was done based on the strains isolated from two BCs
taken at two different time points and their having similar
antibiogram (15).

Study design

The enrolled patients with BSI were divided into two
groups: one group without definite focus of infection and
one group with definite focus of infection. The patients
without definite focus of infection were further divided
into Gram positive group, Gram negative group and fungal
group according to Gram staining results. The patients with
definite focus of infection were further divided into lower
respiratory tract infection group, infectious endocarditis
group, urinary tract infection group, central nervous system
infection group, skin-soft tissue infection group and upper
respiratory tract infection group according to the location
of focus.

Measurement of PCT level

Serum PCT levels were measured via an electrochemiluminescent
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Patients without definite
focus of infection

Patients with definite
focus of infection

Variable All
Age (years) 59.3 (IQR, 46.9-69.6)
Gender
Females 223 (40.5)
Males 328 (59.5)
Source of infection
Community 348 (63.2)
Hospital 203 (36.8)

Length of stay (days) 15.0 (IQR, 9.4-24.7)

Ward of hospitalization

Medical 400 (72.6)
Surgical 105 (19.1)
Intensive care unit 38 (6.9)
Others 8(1.5)
Blood culture
Gram-positives 196 (35.6)
Gram-negatives 332 (60.3)
Fungi 23 (4.2)

59.9 (IQR, 46.9-69.7)

125 (39.8)
189 (60.2)

189 (60.2)
125 (39.8)
15.2 (IQR, 9.1-24.6)

57.5 (IQR, 46.8-69.2)

98 (41.4)
139 (58.6)

159 (67.1)
78 (32.9)
14.9 (IQR, 10.3-24.9)

225 (71.7) 175 (73.8)
73 (23.2) 32 (13.5)
14 (4.5) 24 (10.1)

2(0.6) 6(2.5)

107 (34.1) 89 (37.6)

194 (61.8) 138 (58.2)
13 (4.1) 10 (4.2)

Data are presented as median value and interquartile range (IQR), or n (%).

immunoassay using Elecsys reagent, Elecsys BRAHMSPCT
(Roche Diagnostics Shanghai Co., Ltd., Shanghai, China)
and Cobas 8000 system (Roche Diagnostics, Rotkreuz,
Switzerland), according to manufacturer’s recommendations.
The lower limit of detection was 0.02 ng/mL and the
functional assay sensitivity was 0.06 ng/mL.

Statistical analysis

Data analysis was conducted using SPSS 23 software
(IBM, Armonk, USA). Discrete variables were described as
percentage (%) and continuous variables as the mean with
SD or medians with interquartile range (IQR) between
25" and 75™ percentiles, as appropriate. The Chi-square
test or Fisher’s exact test was used for the comparison
between categorical variables. For the nonparametric data,
comparisons between two datasets were made using the
Man-Whitney U test and comparisons between three or
more datasets were made using the Kruskal-Wallis H test.
Receiver operation characteristics (ROC) curve analysis
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was used to define the diagnostic ability of various PCT
cut-offs. Youden’s indices were calculated to find the best
discriminatory cut-off. The threshold for significance was
set at P<0.05.

Results
Epidemiological information of patients

During the study period, 1,747 patients with BSI were
screened and 1,196 patients were excluded from the study. A
total of 551 bacteremia patients meeting the inclusion criteria
were enrolled in the study. Their basic clinical data were
included in Table 1. In our cohorts, 314 bacteremia patients
without definite focus of infection and 237 bacteremia
patients with definite focus of infection were introduced
into the final analysis. The average age of the patients was
59.3 years (IQR, 46.9-69.6 years); 59.5% were males; the
community-acquired infection accounted for 63.2%; the
average length of stay in hospital was 15 days; 72.6% of the
patients were from department of medicine; BC indicated
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Figure 1 Comparison of PCT values of patients according to Gram

stain. Asterisks and circles represent outliers. PCT, procalcitonin.
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Figure 2 The ROC curve of the value of PCT from Gram-pos.
compared to Gram-neg. bacteria (area under the curve: 0.581; 95%
confidence interval: 0.51-0.65). PCT, procalcitonin; ROC, receiver

operation characteristic.

that 60.3% of them were Gram negative.

PCT values associated with Gram staining results of
bacteremia patients without definite focus of infection

PCT median value according to Gram staining was shown
in Figure 1. The number of bacteremia patients with Gram-
positive bacteria, Gram-negative bacteria, and fungal
infection was 107, 194 and 13, respectively. PCT median
value of Gram-negative bacteria (1.16 ng/mL, IQR, 0.25-
8.93 ng/mL,) was significantly higher than that observed in
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Gram-positive bacteria (0.51 ng/mL, IQR, 0.16-3.4 ng/mL,
and P=0.02). However, there were no significant difference
in PCT median value between Gram-negative bacteria or
Gram-positive bacteria and fungal infection (0.41 ng/mL,
IQR, 0.1-1.67 ng/mL, and P=0.135, 0.654, respectively).
The ROC curve of PCT values for Gram-positive and
Gram-negative bacteria infections showed that the area
under AUC curve was 0.581 (95% CI, 0.51-0.65, P=0.02).
When the cut-off value was 7.54 ng/mL, we found a
sensitivity of 86.9%, a specificity of 27.3%, a PPV of 39.7%,
an NPV of 79.7%, and a diagnostic accuracy of 48.5% (see
Figure 2).

PCT values associated with the pathogen type in bacteremia
patients without definite focus of infection

Median (quartile) and average PCT values caused by
different microbial species of Gram-positive bacteria,
Gram-negative bacteria and fungi were shown in Table 2.
No significant difference was found between different
types of Gram-positive bacteria, and so did Gram-negative
bacteria and fungi (all P>0.05). For Gram-positive bacteria,
PCT values did not differ among Enterococcus, Streprococcs
and Staphylococcus (data not shown). For Gram-negative
bacteria, PCT median values between Enterobacteriaceae
[1.51 (0.28-10.48)] and non-fermentative bacteria [0.99
(0.24-4.14)] were also not statistically significant (P=0.340).

PCT values associated with focal location in bacteremia
patients with definite focus of infection

PCT median (four quantile) values of bacteremia patients
with seven different focus of infection were shown in Figure 3
and Table 3. Among seven different foci of infection, PCT
value of patients with abdominal infection was significantly
higher than that of patients with infective endocarditis
(P=0.01). No significant difference was found between the
other foci of infection.

Further, PCT values of Gram-positive bacteria and Gram-
negative bacteria in every focus were compared (7able 4).
PCT values of Gram-negative bacteria were significantly
higher than those of Gram-positive bacteria in patients
with lower respiratory tract infection, abdominal, urinary
tract infection, but not in those with lower respiratory tract
infection (P=0.003, 0.039, 0.025 and 0.664, respectively).
The number of Gram-positive or Gram-negative bacteria
in patients with infective endocarditis, skin and soft tissue
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Table 2 PCT values of main pathogens in bacteremia patients without definite focus of infection
Microorganisms Patients (n) PCT (ng/mL) median (IQR) PCT (ng/mL) mean (min-max) H* P value
Gram-positives 18.408 >0.05
Staphylococcus epidermidis 22 0.35(0.11-3.81) 6.22 (0.02-89.05)
Staphylococcus aureus 22 0.74 (0.18-3.71) 7.71 (0.02-65.35)
Enterococcus faecium 10 0.59 (0.41-3.33) 1.48 (0.1-4.89)
Staphylococcus hominis 6 0.32 (0.19-10.87) 7.06 (0.11-40.35)
Enterococcus faecalis 6 0.22 (0.11-2.02) 0.95 (0.05-3.62)
Staphylococcus haemolyticus 5 0.07 (0.04-0.92) 4 (0.03-1.67)
Corynebacterium spp. 4 8.97 (2.00-15.34) 8.77 (0.51-16.63)
Staphylococcus warneri 3 0.23 (0.07-7.46) 2.59 (0.07-7.46)
Bacillus subtilis 3 0.49 (0.15-5.04) 1.89 (0.04-6.55)
Streptococcus agalactiae 2 2.17 (1.18-3.15) 2.17 (1.18-3.15)
Enterococcus gallinarum 2 12.61 (1.65-23.56) 12.61 (1.65-23.56)
Streptococcus mitis 2 0.44 (0.37-0.51) 0.44 (0.51-0.37)
Streptococcus salivarius 2 0.15 (0.08-0.23) 0.15 (0.08-2.23)
Streptococcus capitis 2 1.7 (0.11-3.3) 7 (0.11-3.3)
Streptococcus sanguis 2 0.83 (0.49-1.17) 0.83 (0.49-1.17)
Gram-negatives 16.737 >0.05
Escherichia coli 75 2.37 (0.34-11.59) 13.5 (0.02-100)
Pseudomonas aeruginosa 34 0.84 (0.25-6.94) 17.57 (0.03-100)
Klebsiella pneumoniae 25 0.4 (0.18-1.84) 6.75 (0.04-55.96)
Acinetobacter baumannii 12 1.03 (0.34-6.16) 7.04 (0.08-36.6)
Enterobacter cloacae 7 1.56 (0.22-3.13) 1.74 (0.14-3.53)
Brucella 6 0.15 (0.07-3.29) 2.16 (0.05-12.23)
Stenotrophomonas maltophilia 4 3.03 (1.4-4.22) 2.88 (1.17-4.31)
Aeromonas hydrophila complex 3 0.46 (0.24-4.9) 1.87 (0.24-4.9)
Ralstonia pickettii 2 5.77 (0.071-11.46) 5.77 (0.07-11.46)
Klebsiella oxytoca 2 13.21 (0.08-26.34) 13.21 (0.08-26.34)
Citrobacter freundii 2 5.82 (0.18-11.46) 5.82 (0.18-11.46)
Proteus mirabilis 2 22.16 (0.51-43.82) 22.16 (0.51-43.82)
Serratia marcescens 2 23.38 (22.24-24.51) 23.38 (22.24-24.51)
Legionella 2 0.17 (0.04-0.31) 0.17 (0.04-0.31)
Fungi 1.06 >0.05
Candida albicans 5 0.15 (0.09-1.05) 0.49 (0.07-1.37)
Candida tropicalis 4 1.13 (0.14-8.21) 3.16 (0.09-10.29)
Candida glabrata 2 0.88 (0.41-1.34) 0.88 (0.41-1.34)
Candida parapsilosis 2 8.68 (0.1-17.25) 8.68 (0.1-17.25)

*, H: statistic of Kruskal-Wallis H test. PCT, procalcitonin.
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Figure 3 PCT values distribution in bacteremia patients with
different focus of infection. 1, lower respiratory tract; 2, abdominal;
3, urinary tract; 4, upper respiratory tract; 5, infective endocarditis;
6, skin and soft tissue; 7, central nervous system. Asterisks and

circles represent outliers. PCT, procalcitonin.
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infections, and central nervous system infections were very
low (data not shown).

ROC curve analysis of PCT values of Gram-negative and
Gram-positive bacteria in bacteremia patients with definite
focus of infection

The ROC curve of PCT for distinguishing Gram-positive
from Gram-negative bacteria in abdominal infection
showed that the area under AUC curve was 0.741 (95%
CI, 0.58-0.90, P=0.039). A cut-off value of 3.01 ng/mL
for PCT achieved a sensitivity of 100%, a specificity of
55.2%, a PPV of 100%, an NPV of 38% and a diagnostic
accuracy of 64.9% (Figure 44). The ROC curve of PCT for
distinguishing Gram-positive from Gram-negative bacteria
in urinary tract infection showed that the area under AUC
curve was 0.776 (95% CI, 0.54-1.01, P=0.025). A cut-off
value of 0.574 ng/mL for PCT achieved a sensitivity of

Table 3 PCT values in bacteremia patients with different focus of infection

Focus of infection Patients (n) PCT (ng/mL) median (IQR) PCT (ng/mL) mean (min-max) H* P value

Lower respiratory tract 121 1.20 (0.14-11.32) 17.39 (0.03-100) 9.89 0.129

Abdominal 38 2.66 (0.63-14.06) 21.07 (0.17-100)

Urinary tract 38 1.73 (0.54-5.41) 11.25 (0.02-100)

Upper respiratory tract 23 1.19 (0.31-4.44) 9.84 (0.13-81.76)

Infective endocarditis 7 0.29 (0.12-1.79) 0.95 (0.08-3.25)

Skin and soft tissue 7 2.02 (0.37-6.59) 12.41 (0.07-73.47)

Central nervous system 3 0.07 (0.05-5.36) 2.41 (0.04-7.13)

*, H: statistic of Kruskal-Wallis H test. PCT, procalcitonin

Table 4 PCT values of different pathogens according to Gram staining in bacteremia patients with different focus of infection

Focus of infection Microorganisms Patients (n) PCT (ng/mL) median (IQR) PCT (ng/mL) mean P value

Lower respiratory tract Gram-positives 53 0.35 (0.11-2.67) 7.98 0.003
Gram-negatives 64 0.45 (0.24-38.3) 25.86

Abdominal Gram-positives 8 0.93 (0.40-2.04) 1.25 0.039
Gram-negatives 29 4.57 (0.84-65.58) 27.26

Urinary tract Gram-positives 7 0.52 (0.81-1.30) 5.66 0.025
Gram-negatives 30 2.27 (0.65-8.12) 12.92

Upper respiratory tract Gram-positives 9 2.30 (0.49-4.82) 6.17 0.664
Gram-negatives 13 0.45 (0.17-10.20) 12.89

PCT, procalcitonin
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Figure 4 ROC curve analysis of PCT values of Gram-negative and Gram-positive bacteria in different focus of infection. (A) The ROC

curve of PCT for distinguishing Gram-pos. from Gram-neg. in bacteremia patients with abdominal infection (area under the curve: 0.741;

95% confidence interval: 0.58-0.90). (B) The ROC curve of PCT for distinguishing Gram-pos. from Gram-neg. in bacteremia patients with

urinary tract infection (area under the curve: 0.776; 95% confidence interval: 0.54-1.01). (C) The ROC curve of PCT for distinguishing

Gram-pos. from Gram-neg. in bacteremia patients with lower respiratory tract infection (area under the curve: 0.682; 95% confidence

interval: 0.58-0.78). PCT, procalcitonin; ROC, receiver operation characteristic.

83%, a specificity of 71.4%, a PPV of 50%, an NPV of
92.6% and a diagnostic accuracy of 81.1% (Figure 4B). The
ROC curve of PCT for distinguishing Gram-positive from
Gram-negative bacteria in upper respiratory tract infection
showed that the area under AUC curve was 0.682 (95%
CI, 0.58-0.78, P<0.001). A cut-off value of 5.99 ng/mL
for PCT achieved a sensitivity of 83.1%, a specificity of
48.4%,a PPV of 57.1%, an NPV of 48.4% and a diagnostic
accuracy of 64.1% (Figure 4C).

Comparison of PCT values between MDROs and sensitive
bacteria in bacteremia patients

Two strains of carbapenem-resistant Klebsiella pneumoniae
(CR-KP), two strains of carbapenem-resistant Escherichia coli
(CR-E. coil), six strains of carbapenem-resistant Acinetobacter
baumannii (CR-AB), two strains of carbapenem-resistant
Pseudomonas aeruginosa (CR-PA), seven strains of methicillin-
resistant Staphylococcus aureus (MRSA), and two strains of
vancomycin-resistant Enterococcus (VRE) were detected
in bacteremia patients without definite focus of infection.
Comparative results of PCT values between MDROs and
their corresponding sensitive bacteria were shown in Tible 5.
Differences in PCT values between MDROs and sensitive
bacteria were not statistically significant (P>0.05).

The number of MDROs strains in bacteremia patients
with definite focus of infection including abdominal, urinary
tract, upper respiratory tract, infective endocarditis, skin
and soft tissue and central nervous system were small (data

© Annals of Translational Medicine. All rights reserved.

not shown). Four strains of CR-AB, nine strains of MRSA
and two strains of VRE were detected in foci of lower
respiratory tract infections. The PCT values of MDROs
and sensitive bacteria were shown in Table 6. Difference
in PCT value between them were also not statistically
significant (P>0.05).

Analysis of PCT peak value distribution

The time point when the BC was collected was set as baseline
point. If the PCT peak appears after the baseline point, then
the difference value was positive; if PCT peak appeared
before the base point, the difference value was negative.
The result showed average difference between the time
point of PCT peak and the baseline point was -0.74 days.
From the time concentration trend, 70% of the time points
of PCT peak value was distributed in 48 hours before and
after BC collection. The distribution of time points of PCT
peak value and time points of collecting BC were shown in
Figure 5. As shown, 44.3% of PCT peak values appeared
before BC collection, 33.8% after BC collection. The
distribution of peak values for specific pathogen according
to Gram staining was shown in Table 7.

Of 551 patients, 348 (63.2%) did not use antibiotics and
203 (36.8%) did. In patients having not used antibiotics,
51.7% of PCT peak values appeared before BC collection
and 22.7% after BC sampling. However, in patients with
antibiotics use, 31.5% appeared before BC sampling and
52.7% after BC collection (7able 8). The proportion of

atm.amegroups.com Ann Transl Med 2019;7(7):135
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Table 5 PCT values of main MDROs and sensitive bacteria in bacteremia patients

Microorganisms n PCT (ng/mL) median (IQR) PCT (ng/mL) mean P value
Klebsiella pneumoniae 23 0.37 (0.17-25.9) 6.2 >0.05
CR-KP 2 13 (0.08-25.93) 13

Escherichia coli 73 2.37 (0.38-11.22) 13.6 >0.05
CR-E. coil 2 22.0 (19.48-24.51) 22

Acinetobacter baumannii 6 1.34 (0.72-12.58) 6.85 >0.05
CR-AB 6 0.71 (0.16-13.00) 7.23

Pseudomonas aeruginosa 32 0.84 (0.24-3.47) 17.9 >0.05
CR-PA 2 12.26 (0.35-24.16) 12.26

Staphylococcus aureus 15 0.30 (0.072-2.98) 5.43 >0.05
MRSA 7 2.18 (0.38-12.55) 12.6

Enterococcus faecium 8 0.60 (0.39-3.40) 1.72 >0.05
VRE 2 0.54 (0.43-0.65) 0.54

CR-KP, carbapenem-resistant Klebsiella pneumoniae; CR-E. coil, carbapenem-resistant Escherichia coli; CR-AB, carbapenem-resistant
Acinetobacter baumannii; CR-PA, carbapenem-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant Staphylococcus aureus;
VRE, vancomycin-resistant Enterococcus; MDRO, multidrug-resistant organism; PCT, procalcitonin.

Table 6 PCT values of main MDROs and sensitive bacteria in bacteremia patients with lower respiratory tract infection

Microorganisms n PCT (ng/mL) median (IQR) PCT (ng/mL) mean (min-max) P value
Acinetobacter baumannii 2 26.72 (0.32-53.12) 26.72 (0.32-53.12) >0.05
CR-AB 4 3.92 (0.47-53.57) 27.02 (0.2-100)

Staphylococcus aureus 4 1.16 (0.30-8.68) 4.49 (0.1-15.53) >0.05
MRSA 9 3.37 (1.19-17.05) 13.96 (0.27-56.45)

Enterococcus faecium 7 2.44 (0.13-7.08) 3.48 (0.03-8.26) >0.05

VRE 2

0.23 (0.069-0.39)

0.23 (0.07-0.39)

CR-AB, carbapenem-resistant Acinetobacter baumannii; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant
Enterococcus; MDRO, multidrug-resistant organism; PCT, procalcitonin.

PCT peak values in patients with antibiotics use before
BC collection was significantly lower than that in patients
without antibiotics use (31.5% wvs. 51.7%, P<0.001),
while the proportion of PCT peak value in patients with
antibiotics use after BC collection was significantly higher
than that in patients without antibiotics use (52.7% wvs.
22.7%, P<0.001). For the patients who used antibiotics
before BC collection, the antibiotics were used in a longer
term (from 1 to 3 days or more), and the proportion of PCT
peak distribution before BC collection had a falling trend,
but the proportion of PCT peak distribution after BC

collection had an increasing trend. Meanwhile, the higher

© Annals of Translational Medicine. All rights reserved.

proportion of antibiotics combined before BC collection
(from single use to combination of five kinds), the lower
proportion of PCT peak distribution before BC collection,
and the higher proportion of PCT peak distribution after
BC collection.

Discussion

The BSI, with an incidence on the rise and reported to be
0.6-0.8% (16), threatens the lives of patients in clinical work.
BC can be used to effectively and accurately diagnose BSI,
but it has some limitations, such as long-term incubation,
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being easily contaminated, multiple times of blood sampling
and low positive rate of pathogens (17). At the same
time, the frequent misdiagnose can fail the differential
diagnosis and delay the treatment. With the development of
diagnostic techniques, PCT, as a new inflammatory marker,
has been widely used to distinguish bacterial from non-
bacterial infections (18).

Current studies have confirmed that PCT is a sensitive
inflammatory marker. Even under a low inflammatory
state, PCT recognition of infectious and non-infectious
inflammatory response is still more efficient than other
inflammatory markers, especially for patients with severe
microbial infection and BSI (19,20). A person without
infection has a low serum PCT level, when BSI occurs,
inflammatory factors and bacterial endotoxins stimulate
the secretion of PCT through different Toll-like receptor
signaling pathways (21). Animal experiments showed that
PCT could be detected in the liver, kidney, spleen and
lung exposed to endotoxin, bacterial lipopolysaccharide
and Escherichia coli for several hours (22). This fact is also
supported by a clinical research in which PCT value increased
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Figure 5 The distribution of time of PCT peak value when

collection time of blood culture as base point. PCT, procalcitonin.
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in the tissues injected with endotoxin (23). It was reported that
the persistent high level of PCT in the blood was significantly
influenced by endotoxin and lipopolysaccharide (24,25).
Studies also found that BSI caused by Gram-negative
bacteria led to a significantly higher PCT level than that by
Gram-positive bacteria (26). The mechanism is that Gram-
negative bacteria and Gram-positive bacteria recognize Toll-
like receptor 4 and Toll-like receptor 2 on the cell surface by
lipopolysaccharide and lipoteichoic acid, respectively, and
subsequently induce the release of different cytokines and the
different PCT levels (27,28).

Previous studies on the identification of pathogens of
BSI by PCT have got inconsistent results. For example,
Brodska ez al. (1) revealed that infections caused by Gram-
positive bacteria, Gram-negative bacteria and fungi could
be distinguished by PCT values, and the PCT value of
fungal infection was significantly lower than those of other
pathogens. This study selected ICU patients as the main
study population and the bacteremia patients with positive
staining results as the experimental group. Other infections
except for BSI were not considered as influential factors, but
multi-site infections caused by a variety of pathogens might
affect the PCT values. Mencacci er al. (4) have proved that
PCT values can replace BC and PCR technology in the
diagnosis of candidemia. This study focused on patients with
positive BC and body temperature close to or higher than
37 °C. The foci of infection in most patients were unknown,
and may be combined with multi-site infections. If isolated
pathogens were not consistent with the BC pathogens, then
the PCT value could not accurately reflect the pathogen
from BSI, so the ability of PCT to distinguish BSI pathogen
was still insufficient. In most studies, collection time points
of PCT were diverse, sampled either simultaneously as BC
or on the same day or within 48 hours. The collection of
BC is determined by healthcare workers and mainly based
on clinical manifestations and laboratory indicators. It may

Table 7 Distribution of peak value for different pathogens according to Gram staining

Peak value appears before blood

Microorganisms ) )
9 culture collection time, n (%)

Peak value appears on blood culture

Peak value appears after blood

collection time, n (%) culture collection time, n (%)

Gram-positives 86 (43.9)
Gram-negatives 147 (44.3)
Fungi 11 (47.8)
All 244 (44.3)

36 (18.4) 74 (37.8)
83 (25.0) 102 (30.7)
2(8.7) 10 (43.5)
121 (22.0) 186 (33.8)

© Annals of Translational Medicine. All rights reserved.

atm.amegroups.com Ann Transl Med 2019;7(7):135



Page 10 of 13

Table 8 Effect of antibiotics use on peak value distribution of PCT

Leng et al. PCT to distinguish focus of infection and pathogen types

Antibiotics use before blood

culture collection culture collection time, n (%)

Peak value appears before blood

Peak value appears on blood
culture collection time, n (%)

Peak value appears after blood
culture collection time, n (%)

No antibiotics used

Gram-positive bacteria 62 (49.2)
Gram-negative bacteria 113 (63.3)
Fungi 5(50.0)
All 180 (51.7)
Antibiotics use
Gram-positive bacteria 24 (29.3)
Gram-negative bacteria 34 (31.5)
Fungi 6 (46.2)
All 64 (31.5)
Duration of antibiotic use
1 day 28 (35.0)
2 days 5(22.7)
>3 days 31 (30.7)
Combination of antibiotic use
Single use 36 (34.0)
Combination of 2 kinds 23 (31.9)
Combination of 3 kinds 4 (23.5)
Combination of 4 kinds 1(14.3)
Combination of 5 kinds 0(0)

26 (20.6) 38 (30.2)
61 (28.8) 38 (17.9)
2(20.0) 3(30.0)
89 (25.6) 79 (22.7)
22 (26.8) 36 (43.9)
10 (9.3) 64 (59.3)
0 (0) 7 (53.8)
32 (15.8) 107 (52.7)
19 (23.8) 33 (41.3)
4(18.2) 13 (59.1)
9(8.9) 61 (60.4)
25 (23.6) 45 (42.5)
5(6.9) 44 (61.1)
2(11.8) 11 (64.7)
0(0) 6 (85.7)
0(0) 1 [100]

PCT, procalcitonin.

be subjective and may not be consistent with the growth
and reproduction time of pathogens. So the measured
PCT values might not fully reflect the actual PCT values
indicating the levels the pathogen (11). In addition, the
early use of antibiotics may affect the actual PCT value. Our
study limited the inclusion criteria to a sole BSI or a local
infection secondary to BSI (the local infection pathogen
was the same as the BC pathogen), and took the peak
PCT value as the actual value. Our study confirmed that
the PCT median value of bacteremia patients with Gram-
negative bacteria infection was significantly higher than
that of Gram-positive bacteria infection. These findings are
consistent with the previously published literature (1,10,11).
But because the specificity was only 27%, the 0.581 of area
under the curve was unsatisfactory and could not guide
clinical diagnosis and treatment, which was in consistent

© Annals of Translational Medicine. All rights reserved.

with conclusions from Thomas-Riiddel et 4/. (13).

In 2014, the World Health Organization (WHO)
announced that antimicrobial resistance is a global problem
that needs to be addressed urgently (29). MDROs have
high morbidity and mortality, and treating them is difficult
and costly, which seriously threatens global security. The
irrational use of antibiotics results in a global increase in the
incidence and prevalence of MDROs (30). Japanese expert
Watanabe ez 4l. (14) found that the PCT value of patients
infected with ESBL positive strains was significantly higher
than that with ESBL negative strains, which indicated
that the PCT values can distinguish ESBL positive strains
from negative strains, but the population enrolled in their
study was insufficient. However, the present study found
different results. For the patient either without or with
definite focus of infection, the PCT values of carbapenem-

atm.amegroups.com Ann Transl Med 2019;7(7):135
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resistant Enterobacteriaceae (CRE), CR-AB, CR-PA, MRSA
and VRE infection had no significant differences from
those of sensitive bacterial infection. These results suggest
that PCT levels cannot yet distinguish MDROs from
corresponding sensitive bacteria in bacteremia patients.
Therefore, we speculate that there may be difference in the
intensity of inflammation stimulation between MDROs and
corresponding sensitive bacteria.

Previous studies have confirmed that PCT values can be
used in the diagnosis of local infections such as skin and soft
tissue abscess, diabetic foot infection, infectious arthritis and
osteomyelitis (31). Yan et al. (11) showed that, for secondary
bacteremia patients, the PCT value of abdominal infection
was higher than that of endocarditis and pneumonia, and
PCT value of urinary tract infection was higher than that
of pneumonia, catheter-related infection and endocarditis.
Yu er al. (32) discovered that there were differences in
PCT values among different sites of infection. PCT values
of abdominal infection (8.32 ng/mL) and biliary tract
infection (5.98 ng/mL) were higher; those of chest infection
(1.39 ng/mL) and brain infection (0.46 ng/mL) were lower.
Our results showed that PCT values of abdominal, skin and
soft tissue, and lower respiratory tract infection sites were
relatively high, but the differences were not statistically
significant. These data suggest that, for patients with local
infection complicated by BSI, it is unable to identify the
focus of infection by serum PCT values. According to
Gram staining, a subgroup analysis on the infection sites
(lower respiratory tract, abdomen, urinary tract and upper
respiratory tract) indicated PCT values could distinguish
Gram-positive bacteria from Gram-negative bacteria,
except for upper respiratory tract infection. Besides lower
respiratory tract infection, the difference between Gram-
positive bacteria and Gram-negative bacteria in abdominal
and urinary tract infections can be well distinguished. In
patients with abdominal infection was, a PCT value of
0.74 ng/mL achieved a sensitivity of 100%, and in patients
with urinary tract infection, a PCT value of 0.78 ng/mL
achieved a sensitivity of 83.3%. The above results confirmed
that although we can distinguish Gram-positive bacteria and
gram-negative bacteria in some specific sites of infection,
but different cut-off values of PCT should be adopted for
different sites of infections. It is also suggested that PCT
can be used to differentiate pathogens in patients with
local infection combined with BSI, and the efficiency of
differentiation is better than that in patients with BSI alone.

PCT is a precursor of calcitonin glycoprotein containing
116 amino acids. Its half-life is relatively short (25-30 hours).

© Annals of Translational Medicine. All rights reserved.
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Its value increases in 2-3 hours after bacterial infection and
shows a continuous dynamic change trend in serum (14).
Relevant studies have reported that the continuous increase
or decrease of PCT was closely related to the severity of
bacterial infection and the inflammatory response (33,34).
PCT levels in patients are dynamic, and the time points
of PCT collection and BC are greatly affected by the
subjective consciousness of healthcare workers. Many
peak value time points of PCT do not coincide with BC
collection time points. In previous studies, the tested PCT
value did not absolutely reflect the real PCT value induced
by the special pathogen based on the research design in
which BC and PCT value were performed at the same time,
so the cut-off values of ROC curve from different studies
varied greatly. The reason may be that the PCT value was
not consistent with the actual value, and its collection time
was not reliable (35). This study confirmed that 78.1% of
peak values of PCT did not appear at the time point of BC
collection, indicating that when BC and PCT value were
collected at the same time, we may not obtain the actual
PCT value induced by the special pathogen, so this value
cannot represent the level of the pathogen.

In addition to the analysis of the peak time of PCT,
we analyzed whether antibiotics were used before BC
collection, and the results showed that antibiotics caused
more PCT peaks appearing after BC collection time. At the
same time, the longer use of antibiotics before BC collection
time, the higher proportion of antibiotics combination,
and the greater probability of PCT peak value occurring
after BC collection. The above data fully showed that the
antibiotics use can affect the distribution of PCT values. If
this effect is not considered, the PCT value of the pathogen
is not original. The reason is not very clear, but one may be
that antibiotics use can lead to the death of pathogens, and
dead bacteria release a large amount of endotoxins, thus
inducing a high level of PCT secretion (21).

This study has the following advantages. Firstly, we
strictly control the inclusion criteria. The bacteremia
patient without definite focus of infection, any other site
infection, is excluded, which ensures that the PCT value
and BSI pathogens are clearly related. For patients with
definite focus of infection, there is only one infection site
besides BSI, and the local infection and BSI are caused by
the same pathogen. This method ensures the correlation
not only between PCT value and pathogen, but also
between PCT value and focus of infection. Secondly,
according to the distribution of PCT peak value, we study
the relationship between PCT value and pathogen infection
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which is closer to the real world. Thirdly, this study analyzes
the effect of antibiotics use on PCT value for the first time,
which provides a new idea to study the correlation between
PCT value and pathogen infection in the future. However,
there are some limitations in this study: first, this study is
a retrospective research and its efficiency is relatively low.
Second, the population studied is screened under strict
standards, and the research conclusions may not provide
practical guidance for complicated clinical cases. Third,
the basic condition of study population is not analyzed. It
is difficult to exclude other causes of abnormal elevation
of PCT except for pathogens. Fourth, although the study
shows PCT value cannot distinguish bacteremia patients
with MDROs from susceptible bacteria, but due to the
number of MDROs cases is relatively small, this conclusion
needs further confirmation of larger sample studies in the
future.

Conclusions

PCT value is not only determined by Gram-positive bacteria
or Gram-negative bacteria, but also specific pathogens,
infection sites. Further, basic diseases, treatment measures
such as antibiotics use should also be considered as factors.
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