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Background: This study aimed to evaluate whether inexpensive and quickly available infection biomarkers
including procalcitonin (PCT), C-reactive protein (CRP), white blood cell (WBC) count, and percentage of
neutrophils (N%) are helpful in assisting the judgement of blood culture results and patient prognosis.
Methods: This retrospective study included patients who were admitted to the intensive care unit ICU)
of Changzheng Hospital from July 2015 to June 2017 and had at least one episode of blood culture with
matched infection biomarkers (PCT, CRP, WBC, and N%). Primary infection biomarkers were transformed
into newly derived components using the principal component analysis (PCA) method. Each observation was
plotted as a point on the component map using factor scores as coordinates. The distribution characteristics
of patients with different blood culture results and prognosis were explored. The diagnostic performance of
the components and infection biomarkers in the discrimination of blood culture results and patient prognosis
were compared using receiver operating characteristic (ROC) curves.

Results: A total of 768 episodes of blood cultures from 436 patients were analyzed. Patients with positive
blood cultures were associated with higher ICU mortality, in-hospital mortality, longer ICU stay and
hospital stay (P<0.001 for all). In PCA, the 4 sets of primary infection biomarkers (PCT, CRP, WBC, and
N%) were transformed into components 1 and 2. On the component map, observations of positive blood
cultures were more likely to be distributed in the first and second quadrants than those of negative blood
cultures (OR, 6.28, 95% CI, 4.14-9.64, P<0.001). Compared to patients with negative blood cultures, non-
survivors with positive blood cultures were more likely to be distributed in the first and second quadrants (OR,
6.90, 95% CI, 2.67-20.98, P<0.001), followed by survivors with positive blood cultures (OR, 3.44, 95% ClI,
1.97-6.13, P<0.001). PCT- and CRP-derived component had the largest area under curves (AUCs) in the
discrimination of blood culture results (0.81) and patient prognosis (0.69).

Conclusions: PCT- and CRP-derived component was more strongly associated with blood culture results
and patient prognosis than WBC- and N%-derived component and primary biomarkers.
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Introduction

Blood stream infection (BSI) is a severe infectious disease,
accounting for an overall mortality of 18.1-41.2% (1-3).
Patients with positive blood cultures are associated with a
greater severity of illness, longer hospitalizations, and an
increased risk of death compared to those with negative
blood cultures (4-9). The microbiological culture of the
blood sample remains the gold standard to confirm BSI.
However, the average time to obtain a blood culture result
requires at least 24-48 hours, and an even longer period
to identify the causative organisms. Only relying on blood
culture results may delay clinical decision making, especially
for patients who need escalated antimicrobial treatment.
Thus, it is crucial to identify patients who are likely to
have positive blood cultures using inexpensive and quickly
available laboratory tests.

Among all the laboratory biomarkers of systemic
inflammation and infection, procalcitonin (PCT),
C-reactive protein (CRP), white blood cell (WBC) counts
and percentage of neutrophils (N%) are widely used
because they can be assessed promptly and repeatedly at a
reasonable cost. Although several studies have evaluated the
diagnostic value of these biomarkers (PCT, CRP, WBC,
and N%) in the prediction of blood culture results, most of
the studies have employed multivariate regression analysis
by assuming that these biomarkers are irrelevant. However,
CRP, PCT, WBC, and N% are highly relevant in a number
of infectious diseases. Incorporating relevant covariates
into a multiple regression model simultaneously may
raise problems of collinearity, which may undermine the
precision of model estimation, thus resulting in erroneous
interpretations and misleading conclusions (10,11). To
rule out the effect of collinearity on evaluation, we applied
principal component analysis (PCA) to transform the 4 sets
of primary possibly correlated variables (CRP, PCT, WBC,
and N%) into newly derived uncorrelated variables, which
are called components. In this study, we mainly explored the
relationships between PCA-derived components and blood
culture results, as well as patient prognosis. Moreover, the
relationships between the primary biomarkers and blood
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culture results and patient prognosis were also investigated,
as appropriate. This study was presented in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3425).

Methods
Study design and patients

We conducted a retrospective study by searching the
Electronic Medical Record System (EMRS) of Changzheng
Hospital affiliated to Second Military Medical University,
Shanghai, China. Patients who were admitted to the
intensive care unit (a 25-bed comprehensive ICU) from
July 2015 to June 2017 and had at least one episode of
blood culture with matched laboratory results (PCT, CRP,
WBC, and N%) were considered potentially eligible for
inclusion. Patients were excluded if they (I) were younger
than 18 years old; (IT) had incomplete laboratory results; (I1I)
had hematological disease; or (IV) received chemotherapy.
Data on patient age, gender, Acute Physiology and Chronic
Health Evaluation II (APACHE II) scores and Sequential
Organ Failure Assessment (SOFA) scores, source of
infection, diagnosis, laboratory parameters, length of
ICU stay and hospital stay, ICU mortality, and in-hospital
mortality were collected. The research was conducted
ethically in accordance with the World Medical Association
Declaration of Helsinki (as revised in 2013). The
anonymous use of data retrieved from EMRS was approved
by the ethics committee of Second Military Medical
University (approval file number: 2020SL013). The consent
was waived since no individual person’s data was shown
separately. All data are presented as a whole.

Microbiology and infection biomarkers

Blood cultures were performed when it was deemed
necessary by treating physicians. Routinely, two pairs
of aerobic and anaerobic bottles of blood samples were
collected and incubated for 5 to 7 days or until they became
positive. Organisms from positive blood cultures were
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further identified at the species level by using an automated
microbiology identification system (VITEK® 2 COMPACT,
bioMerieux Inc. Hazelwood, MO, USA). Contamination,
according to previously described criteria, was defined as the
isolation of common contaminant species or environmental
bacteria (e.g., coagulase-negative Staphylococcus species) in
only 1 of a series of blood culture samples (12). A negative
blood culture was defined as no growth of any organism
within the incubation period. We included all of the
eligible blood cultures when analyzing the relationship
between infection biomarkers and the blood culture results.
However, when analyzing the relationship between infection
biomarkers and patient prognosis, only the last episode of
positive blood culture was selected because the last episode
of positive blood culture had more prognostic implications
than prior blood cultures. The WBC counts and N% were
measured by Sysmex XN900 (Sysmex Corporation, Kobe,
Japan). PCT concentrations were measured by automated
immunofluorescent assays with an analytical detection limit
of 0.08 ng/mL (Cobas €601, Roche, Switzerland). CRP
levels were determined using an immunoturbidimetric by
assay with modular analytics (DELTA-I, Radim Diagnosis
Corporation, Italy).

Outcomes

The primary outcome was defined as the microbiological
result of the blood culture. The secondary outcome was
the patient prognosis (survivors or non-survivors) during
hospitalization.

Statistical analysis

All analyses were performed using SPSS version 19.0 (SPSS,
Chicago, IL, USA). For continuous variables, all data were
assessed for normality before analysis. Continuous normally
distributed variables were described as mean and standard
deviation [mean (SD)] and were compared using one-
way analysis of variance (ANOVA). If ANOVA revealed a
significant result (P<0.05), the Fisher’s Least Significant
Difference (LSD) post-hoc test was performed for pairwise
comparisons. Continuous non-normally distributed
variables were described as median and interquartile range
[median (IQR)] and were compared using Mann-Whitney
U test (comparison between two groups) or Kruskal-Wallis
H test (comparison between three or more groups). Theses
analyses were based on non-missing data. No imputation
was made for missing data.
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To determine the relationship between the possibly
correlated biomarkers (PCT, CRP, WBC, and N%)
and blood culture results, PCA was performed. This
statistical procedure allows the transformation of a set
of intercorrelated variables into a smaller number of
independent variables called principal components, which
can represent most of the information in the original
variables. Given the wide range of serum PCT and CRP
concentrations, PCT and CRP values were first transformed
into 0 to 5 points and 0 to 4 points based on previous
findings, respectively (Table S1). Principal components with
eigenvalues above 0.9 were retained for subsequent analysis.
Then, the relationship between the primary biomarkers
and the retained principal components was visualized by
loading the biomarkers on the component coordinates using
a varimax rotation method. We next calculated the factor
scores for all of the blood culture results and scatter-plotted
every blood culture as a point on the component map using
factor scores as coordinates. We explored the distribution
characteristics of (I) positive blood cultures vs. negative
blood cultures; (II) positive blood cultures according to
different subgroups, including multiple bacterial isolates,
gram negative bacterial isolates, gram positive bacterial
isolates, and fungal isolates; and (III) positive blood cultures
according to different outcomes (survivors and non-
survivors). To determine whether the results were biased
by demographic characteristics or illness severity, we
recalculated the results by forcing the retained components
and confounding covariates (age, gender, APACHE II score,
and SOFA score) into a multivariate logistic regression
model for adjustment. Otherwise, to determine the
relationship between the primary biomarkers (PCT, CRP,
WBC, and N%) and blood culture results, we explored
the proportion of positive blood cultures in different
scales of PCT scores and CRP scores, as well as WBC
scores and N% scores (Table S1). Furthermore, the levels
of the primary biomarkers were also compared between
patients with various blood culture results and prognosis.
Finally, the diagnostic performance of the components
and infection biomarkers in the discrimination of blood
culture results and patient prognosis were compared
using receiver operating characteristic (ROC) curves. For
each ROC curve, Youden’s index was calculated (13). The
optimal cut-off value was the point on the ROC curve
where the Youden’s index reached the maximum value. The
corresponding diagnostic parameters at the optimal cut-
off points were also computed, including the sensitivity,
specificity, correctly classified ratio, positive likelihood ratio,
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826 episodes blood culture
results were obtained from
Electronic Medical Record
System (EMRS)
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58 episodes were excluded:
> .41 episodes were drawn from ineligible patients

+ 17 episodes with insufficient laboratory results

\4

768 episodes were included
for subsequent analysis

:

590 episodes of negative blood
cultures from 328 patients
12 episodes of likely
contaminated blood cultures
from 12 patients

166 episodes of positive blood
cultures from 96 patients

\ 4

\ 4

52 episodes from
29 non-survivors

114 episodes from
67 survivors

Figure 1 Flow chart of the study process.

and negative likelihood ratio.

Results
Patient characteristics and outcomes

Of 826 episodes of blood culture results retrieved from
the EMRS, 768 episodes from 436 patients were eligible
for inclusion. There were 590 episodes of negative blood
cultures from 328 patients and 166 episodes of positive
blood cultures from 96 patients. Among the patients with at
least one episode of positive blood culture, 29 died during
the hospitalization, accounting for a mortality of 30.2%
(Figure 1). The baseline characteristics of patients with
positive and negative blood cultures are summarized in
Table 1. Patients with positive blood cultures at admission
were associated with higher illness severity scores (APACHE
II score and SOFA score), and higher levels of infection
biomarkers (CRP, PCT, WBC, and N%) than those
with negative blood cultures. There were no significant
differences between patients with positive blood cultures
and those with negative blood cultures at admission in
terms of age, gender, presence of systemic inflammatory
response syndrome (SIRS), presence of local infection, and
disease classification. Patients with positive blood cultures
were associated with higher ICU mortality (28.1% vs.
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9.8%, P<0.001) and in-hospital mortality (30.2% wvs. 10.4%,
P<0.001) than patients with negative blood cultures (Zable 2).
Patients with positive blood cultures also had a longer ICU
stay and hospital stay than patients with negative blood
cultures (7able 2).

Relationship between the primary infection biomarkers
and the newly derived components

In the PCA, eigenvalues for each component are shown in
scree plot (Figure S1). The first two components returned
eigenvalues larger than 0.9 and thus they were retained
for subsequent analysis. This meant that 4-dimensional
data (PCT scores, CRP scores, WBC, and N%) were
compressed into 2-dimensional data (principal components
1 and 2). Figure 2 shows the plot of the loadings of the
4 biomarkers on the components 1 and 2. The loadings of
WBC and N% on principal component 1 were 0.833 and
0.793 respectively, indicating that WBC and N% were
highly correlated and that the main effects of WBC and N%
could be interpreted by component 1. The loadings of PCT
scores and CRP scores on principal component 2 were 0.810
and 0.798 respectively, indicating that PCT scores and CRP
scores were highly correlated and their main effects could
be interpreted by component 2.
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Table 1 Baseline characteristics for patients with positive and negative blood cultures at admission
Baseline characteristics Patients with positive blood Patients with negative blood P value
cultures (N=96) cultures (N=328)
Age, median in years [IQR] 57.5 [43-67] 57 [41-67] 0.69
Male gender, n (%) 51 (563.1) 201 (61.3) 0.15
APACHE Il score, median [IQR] 14.5 [9-20] 12 [7-17] 0.01
SOFA score, median [IQR] 8 [6-11] 4 [3-7] <0.001
SIRS, n (%) 64 (67.7) 198 (60.4) 0.26
Presence of local infection, n (%) 31 (32.3) 87 (26.5) 0.26
Reasons of admission, n (%) 0.96
Respiratory disease 24 (25.0) 87 (26.5)
Cardiovascular disease 8 (8.3) 39 (11.9)
Gastrointestinal disease 11 (11.5) 34 (10.4)
Urogenital disease 6 (6.3) 23 (7.0)
Neurological disease 8 (8.3) 23 (7.0
Endocrinological disease 2 (2.1) 7(2.1)
Trauma and surgery 33 (34.4) 107(32.6)
Others 4(4.2) 8(2.4)
Infection biomarkers
CRP, mg/dL, median [IQR] 60.0 [18.5-116.4] 34.7 [9.3-81.4] 0.002
PCT, ng/mL, median [IQR] 1.2 [0.5-3.7] 0.24 [0.2-1.3] <0.001
WBC, 10%L, mean (SD) 13.1(7.0) 8.6 (4.4) <0.001
N%, mean (SD) 86.1 (8.8) 75.6 (12.7) <0.001

APACHE I, Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; SD, standard deviation; IQR,
interquartile range; PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood cells; N%, neutrophil percentages.

Component coordinates as a useful tool in assisting the
Jjudgement of blood culture results

The factor scores for each blood culture on component
coordinates are plotted in Figure 3A4,B. A total of 129 of
166 (77.7%) positive blood cultures were distributed in the
first and second quadrants, while only 215 of 590 (36.4%)
episodes of negative blood culture were distributed in the
same quadrants (OR, 6.28, 95% CI, 4.14-9.64, P<0.001).
However, we failed to find a difference in the distribution
between positive blood cultures and negative blood cultures
within the first and fourth quadrants (OR, 1.27, 95% CI,
0.89-1.83, P=0.17). In subgroup analyses, there were 47,
96, 9, and 14 isolates of Gram-positive bacteria, Gram-
negative bacteria, fungi, and multiple bacteria, respectively.
Compared with negative blood cultures, multiple bacterial
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isolates were more likely to be distributed in the first
and second quadrants (OR, 23.40, 95% CI, 3.46-996.76,
P<0.001), followed by gram negative bacterial isolates (OR,
7.29, 95% CI, 4.22-13.09, P<0.001) and gram positive
bacterial isolates (OR, 4.24, 95% CI, 2.15-8.76, P=0.002).
Fungal isolates were not associated with a higher frequency
of distribution in the first and second quadrants than
negative blood cultures (OR, 3.60, 95% CI, 0.76-22.42,
P=0.06) (Figures 4,5A). These effects were consistent when
the multivariate logistic regression analysis was applied and
adjusted for predefined covariates (Figure 5B).

Component coordinates as a useful tool for mortality risk
stratification in patients with positive blood cultures

For the 96 patients with positive blood cultures, the
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Table 2 Vital outcomes for patients with positive and negative blood cultures

Patients with positive blood

Patients with negative blood

Vital outcomes cultures (N=96) cultures (N=328) P value
Length of ICU stay, days, median [IQR] 17.0 [6.5-31.5] 9.0 [6.0-16.0] <0.001
Length of hospital stay, days, median [IQR] 21.5[8.5-36.5] 13.0 [8.0-20.0] <0.001
ICU mortality, n (%) 27 (28.1) 32 (9.8) <0.001
In-hospital mortality, n (%) 29 (30.2) 34 (10.4) <0.001

SD, standard deviation; IQR, interquartile range.
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O
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Component 1
Figure 2 Factor loadings of the four biomarkers (PCT scores,

CRP scores, WBC, and N%) on the components 1 and 2. The
loading represents the correlation of the newly derived component
and the primary biomarker. Each biomarker is plotted as a point
in the component space using their loadings as coordinates. Thus,
PCT scores and CRP scores are mainly represented by component
2 because both of them have a large value on component 2 and
a small value on component 1. Conversely, WBC and N% are
mainly represented by component 1 because both of them have
a large value on component 1 and a small value on component 2.
PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood
cell; N%, neutrophil percentage.

distribution map of non-survivors and survivors on the
component coordinates is shown in Figure 6. Of 29 non-
survivors, 23 (79.3%) were distributed in the first and
second quadrants, and 45 of 67 (67.2%) survivors were
distributed in the same quadrants. Compared to those with
negative blood cultures, non-survivors with positive blood
cultures were more likely to be distributed in the first and
second quadrants (OR, 6.90, 95% CI, 2.67-20.98, P<0.001),
followed by survivors with positive blood cultures (OR,
3.44, 95% CI, 1.97-6.13, P<0.001) (Figure 74). These
effects were consistent after an adjustment for predefined

covariates using multivariate logistic regression analysis
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(Figure 7B).

Relationship between primary biomarkers and blood
culture vesults and patient prognosis

Based on the nature of components 1 and 2, we formed
matrices using PCT scores and CRP scores, and WBC
scores and N% scores, respectively. The proportions of
positive blood cultures in different domains of the matrices
are detailed in Figure 84 and Figure 8B. With the increase
of PCT scores and CRP scores, the proportion of positive
blood cultures consistently increased. The two domains
with the highest PCT scores and CPR scores had the
highest proportion of positive blood cultures (94.1% and
94.3%), which was about 35-fold higher than that of the
domain with the lowest PCT scores and CPR scores (2.7%)
(Figure 84). Although there was a similar trend that the
proportion of positive blood cultures increased with the
increase of WBC scores and N% scores, the correlation was
weak and incoherent (Figure §B).

Given that PCT and CRP were more discriminative
than WBC and N% in the judgement of blood culture
results based on the above analyses, we further explored the
relationship between individual biomarkers (serum PCT
and CRP level) and blood culture results, as well as patient
prognosis. The PCT level was significantly higher in isolates
of gram negative bacteria [4.7 (1.1-10.0) ng/mL] than in
isolates of gram positive bacteria [vs. 1.6 (0.6-5.7) ng/mL,
P=0.003], but not significantly higher than that of fungal
isolates [vs. 2.2 (1.5-4.6) ng/mL, P=0.45] or multiple
bacterial isolates [vs. 2.5 (2.0-5.9) ng/mL, P=0.83]
(Figure S2A). However, the CRP level did not differ
between the four subgroups (P=0.12) (Figure S2B). Non-
survivors had a significantly higher level of PCT than
survivors [3.8 (1.5-12.5) vs. 1.4 (0.4-5.9) ng/mL, P=0.003]
(Figure S3A). However, the CRP level was similar between
the non-survivors and survivors [82.9 (47.1-148.4) vs. 65.0
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confidence interval.

(31.6-133.0) mg/L, P=0.29)] (Figure S3B).

Diagnostic performance of the components and infection
biomarkers for blood culture results and patient prognosis

The ROC curves of the components and infection
biomarkers for discrimination between positive and negative
blood cultures and survivors and non-survivors are shown
in Figure 94,B. The AUCs, the optimal cut-off values, and
the corresponding diagnostic parameters for the individual
components and infection biomarkers are summarized in
Table 3. Component 2 yielded the highest AUC (0.81) in
the discrimination of blood culture results, followed by
PCT (0.77), CRP (0.65), N% (0.63), component 1 (0.54),

© Annals of Translational Medicine. All rights reserved.

and WBC (0.54) (P<0.001). In addition, with regard to
prognosis prediction, component 2 yielded a larger AUC
(0.69) than the other indicators, including PCT (0.67),
component 1 (0.63), N% (0.63), WBC (0.57), and CRP
(0.56) (P=0.003).

Discussion

PCA is a multivariate technique that transforms a large
set of possibly correlated variables into a smaller set of
uncorrelated variables called principal components, which
still contain most of the information from the large set (14).
In our study, the 4 parameters (PCT, CRP, WBC, and
N%) were chosen for PCA in patients with blood cultures
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different scales of N% scores and WBC scores (B). PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood cell; N%, neutrophil

percentage.
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because these parameters are routinely monitored,
readily accessible, and potentially correlated. The main
information extracted from WBC and N% was represented
by component 1, which reflects the effect of WBCs and
neutrophils in response to pathogen invasion. The main
information underlying CRP and PCT was represented by
component 2, which reflects the severity of inflammation
and infection.

Our results showed that positive blood cultures were
more likely to be distributed in the first and second
quadrants (where the component 2 has a positive value)
than negative blood cultures. Whereas, the proportions
of positive blood cultures and negative blood cultures in
the first and fourth quadrants (where the component 1 has

© Annals of Translational Medicine. All rights reserved.

a positive value) were similar. This distribution pattern
indicated that component 2 (which represents the severity of
inflammation and infection) rather than component 1 (which
represents the WBC and neutrophil response) was more
discriminative in assisting the judgement of blood culture
results. This was further confirmed by the finding that the
ROC curves of component 2 yielded the largest AUCs
in the discrimination of blood culture results and patient
prognosis. We also found that an increased proportion
of positive blood cultures was accompanied by a stepwise
increase in PCT and CRP levels, whereas more abnormal
values of WBC and N% were not necessarily associated
with a higher proportion of positive blood cultures. In
accordance with our findings, Vargo and colleagues found

Ann Transl Med 2020;8(23):1581 | http://dx.doi.org/10.21037/atm-20-3425



Annals of Translational Medicine, Vol 8, No 23 December 2020

Page 11 of 14

Table 3 Diagnostic performance of the components and infectious biomarkers for discrimination of blood culture results and patient prognosis

Predictors AUC cic?:flrg:ilnt Sensitivity Specificity Correctly classified LR+ LR-

Blood culture results
Component 1 0.54 0.04 52.3% 51.9% 52.6% 1.15 0.86
Component 2 0.81 0.6 62.1% 85.7% 80.7% 4.33 0.44
WBC 0.53 12.3 44.5% 64.6% 60.4% 1.26 0.86
N% 0.63 88.0 54.0% 69.9% 66.5% 1.79 0.66
PCT 0.77 0.8 63.4% 771% 74.2% 2.77 0.48
CRP 0.65 76.9 51.6% 70.0% 66.0% 1.71 0.69

Death events
Component 1 0.63 0.0 89.7% 47.8% 60.4% 1.72 0.22
Component 2 0.69 0.5 69.0% 58.2% 61.4% 1.65 0.53
WBC 0.57 14.6 34.5% 73.1% 61.5% 1.28 0.90
N% 0.62 88.3 48.3% 74.6% 66.7% 1.90 0.70
PCT 0.67 23 62.1% 67.2% 65.6% 1.89 0.56
CRP 0.56 60.0 69.0% 46.3% 53.1% 1.28 0.67

AUC, area under curve; LR+, positive likelihood ratio; LR—, negative likelihood ratio; PCT, procalcitonin; CRP, C-reactive protein; WBC,

white blood cells; N%, neutrophil percentages.

that the rates of positive blood cultures were not statistically
different in patients who had different ranges of WBC
[(4.5-9.9) x10°, (10-14.9) x10°, and >14.9x10*/uL] (15).
The unreliability of WBC and N% in assisting the
judgement of blood culture results can be explained by
several reasons. First, the amount of circulating WBC
and N% tends to dramatically change because their
consumption and supply change over time during the
course of infection. The values of WBC and N% measured
at a specific moment may not provide a complete picture of
a patient’s condition. For instance, normal levels of WBC
and N% may occur in patients without infection, patients at
the early stage of infection, patients with a severe infection
in whom the consumption of WBCs exceeds the capacity
of the bone marrow to produce replacements, or patients
at the recovery stage of infection. Second, the amount
of circulating WBC and N% is influenced by different
types of neutrophil cell death such as necrosis, apoptosis,
autophagy, and the newly recognized NETosis, all of
which actively occur during the process of sepsis (16,17).
Therefore, it is difficult to establish a definite relationship
between the values of WBC and N% and the probability of
obtaining a positive blood culture. Third, WBC and N%

© Annals of Translational Medicine. All rights reserved.

are susceptible to various interferences, including genetic
polymorphisms on immune response, stress, medication,
trauma, cancer, hematological diseases and inflammatory
diseases. Thus, WBC and N% often fail to be accurate
diagnostic or prognostic indicators of BSI, as reported by a
previous study (18).

Our results showed that the distribution map of
factor scores was helpful for pathogen categories and
risk stratification in patients with positive blood cultures.
Multiple bacterial isolates were associated with the highest
OR of distribution in the first and second quadrants. This
finding suggested that BSI caused by multiple bacteria
may more easily provoke a severe inflammatory response,
which consequently resulted in high levels of infection
biomarkers, including PCT and CRP (17-22). Consistent
with our findings, a previous study found that patients with
polymicrobial BSI had the highest PCT levels compared
with those with any other monomicrobial BSI (23).
Interestingly, fungal isolates were not associated a
significantly higher OR of distribution in the first and
second quadrants when compared to those with negative
blood cultures. This may be because patients with fungal
infection often have an impaired immune response and
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therefore elicit lower PCT and CRP levels than patients
with bacterial infection (24-27). Our results also showed
that non-survivors with positive blood cultures had the
highest OR of distribution in the first and second quadrants,
which may serve as an early warning signal for more
intensive care and escalated therapy.

This study should be interpreted in light of several
limitations. First, although blood culture is widely accepted
as the gold standard for the diagnosis of BSI, there was a
risk that true causative organisms were not identified by
conventional blood culture techniques, or that contaminant
pathogens were isolated and considered as pathogenic
microorganisms, both of which can obscure the relationship
between blood culture results and the values of the
laboratory parameters. For instance, if a patient actually
has a BSI but the causative organism is not detected by
blood culture, this patient will be classified as a “patient
with negative blood cultures”. However, the laboratory
parameters may have been affected by BSI and changed.
If this kind of misleading data were present, and were
incorporated into the analysis, the effect of the conclusion
would be weakened. Second, due to the retrospective
nature of this study, the several baseline parameters were
imbalanced between patients with negative blood cultures
and patients with positive blood cultures. Thus, we
performed logistic regression analysis for adjustment by
simultaneously incorporating components and important
clinical variables (age, gender, APACHE II score, and
SOFA score) into the same model. The adjusted ORs (95%
CIs) did not change significantly as compared to the crude
estimates. Third, several episodes of blood culture results (17
cases) were precluded from the analysis due to incomplete
laboratory data, which may have introduced selection bias
and undermined the effect of the conclusion. Fourth, the
generalizability of our findings may be limited, since it
focused only on patients from one center. The results of
our study should be interpreted cautiously when applied
to patients in other settings. Based on the limitations
mentioned above, further prospective studies are necessary
to illustrate the relationship between blood culture results
and infection biomarkers, and how we can use these
biomarkers to predict patient blood culture results and
prognosis more precisely.

Conclusions

In this study, we have established a new method called PCA
to study the relationships between infection biomarkers and

© Annals of Translational Medicine. All rights reserved.
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blood culture results and patient prognosis. In the PCA, we
found that PCT- and CRP-derived component yielded the
largest AUCs and appeared to be more discriminative in the
prediction of blood culture results and patient prognosis
than WBC- and N%-derived component and other primary
biomarkers. Observations distributed in the first and second
quadrants were more likely to be positive blood cultures and
have a higher risk of death.
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Supplementary

Table S1 Scoring system for infection biomarkers

Scores PCT (ng/mL) CRP (mg/dL) WBC (10%/L) N%

0 0-0.25 0-10.00 4.01-10.00 50.01-70.00

1 0.25-0.50 10.00-50.00 10.01-20.00 or 2.01-4.00 70.01-80.00 or 40.01-50.00
2 0.50-2.00 50.00-100.00 20.01-30.00 or 1.01-2.00 80.10-90.00 or 30.01-40.00
3 2.00-5.00 100.00-160.00 30.01-40.00 or 0.51-1.00 90.01-95.00 or 20.01-30.00
4 5.00-10.00 >160.00 >40.01 or <0.50 >95.00 or <20.00

5 >10.00 - - -

PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood cells; N%, neutrophil percentages.

Eigenvalue

The number of components
Figure S1 The scree plot for the eigenvalues of components. The coordinates in horizontal axis represents order of the components. The
coordinates in vertical axis represents eigenvalue for each component. Only the components with an eigenvalue larger than 0.9 are retained

in subsequent analysis.
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Figure S2 Serum PCT and CRP levels in patients with positive blood cultures according to different types of microorganisms. Each @
represents an episode of positive blood culture identified as Gram-positive bacteria. Each @ represents an episode of positive blood culture
identified as Gram-negative bacteria. Each @ represents an episode of positive blood culture identified as fungi. Each @ represents an

episode of positive blood culture identified as multiple bacteria. PCT, procalcitonin; CRP, C-reactive protein.

© Annals of Translational Medicine. All rights reserved. http://dx.doi.org/10.21037/atm-20-3425



A *%
1000
1004 .
= .
= ] Lt o
5" W i
: 1] ““A “..“ AA;A‘Aﬁ_
0.1 st
0.01 T T
& @
.40‘ .4°‘
é\ é\
V) N
) 2
&

Figure S3 Serum PCT and CRP levels in survivors and non-survivors with positive blood cultures.
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The blood samples for detecting PCT

and CRP were drawn at the same time with the sampling of the last episode of positive blood culture. Each A represents a survivor and each

A represents a non-survivor. **, P<0.01. PCT, procalcitonin; CRP, C-reactive protein.
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