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Changes in clinical
parameters and inflammatory
markers after blood culture
collection facilitate early
identification of positive
culture in adult patients
with COVID-19 and clinically
suspected bloodstream
infection
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Abstract

Objective: We explored whether changes in clinical parameters and inflammatory markers can

facilitate early identification of positive blood culture in adult patients with COVID-19 and

clinically suspected bloodstream infection (BSI).
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Methods: This single-center retrospective study enrolled 20 adult patients with COVID-19

admitted to the intensive care unit who underwent blood culture for clinically suspected BSI

(February 2020–November 2021). We divided patients into positive (Pos) and negative blood

culture groups. Clinical parameters and inflammatory markers were obtained from medical

records between blood culture collection and the first positive or negative result and compared

between groups on different days.

Results: Patients in the positive culture group had significantly older age and higher D-dimer,

immunoglobulin 6 (IL-6), and Sequential Organ Failure Assessment score as well as lower albumin

(ALB). The area under the receiver operating characteristic curve (AUC) was 0.865 for IL-6,

D-dimer and ALB on the first day after blood culture collection; the AUC was 0.979 for IL-6,

IL-10, D-dimer, and C-reactive protein on the second day after blood culture collection.

Conclusion: Changes in clinical parameters and inflammatory markers after blood culture col-

lection may facilitate early identification of positive culture in adult patients with COVID-19 and

clinically suspected BSI.
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Introduction

Coronavirus disease 2019 (COVID-19) has

evolved far beyond expectations, putting

unprecedented strain on the global public

health care systems as severe acute respira-

tory syndrome coronavirus type 2 (SARS-

CoV-2) continues to mutate. Data from the

Chinese Center for Disease Control and

Prevention showed that nearly 20% of

patients with COVID-19 develop severe

and critical illness, which overwhelms the

capacity and medical staff of intensive

care units (ICUs) and causes mortality in

critically ill cases of close to 50%.1 The inci-

dence of bacteremia in patients with

COVID-19 is reportedly 1.6% to 5.6%,2,3

which is significantly higher in severely

and critically ill patients owing to the bar-

rier destruction caused by invasive interven-

tions. Among these, intravascular catheters

are frequently used in critically ill patients

and are a significant contributor to the

occurrence of catheter-associated blood-
stream infection (BSI).4,5 In critically ill
patients with COVID-19 or those requiring
invasive mechanical ventilation for more
than 48 hours, the incidence of BSI ranges
from 14.9% to 30%.6,7 Additionally, an
association between immune-suppressive
treatment (e.g., tocilizumab) and a higher
incidence of BSI has been found in several
studies.7 Furthermore, cumbersome person-
al protective equipment causes challenges to
the usual patient care, which can further
increase the risk of BSI. In addition, medi-
cal staff without adequate professional ICU
training who enter ICU to assist in the man-
agement of patients with COVID-19 poses
a further risk for the occurrence of BSI.8

BSI is an independent predictor of poor
outcomes and mortality in patients with
severe influenza. A similar impact on clini-
cal outcomes can be predicted in adult
patients with COVID-19.9,10 Blood culture
is essential for diagnosing BSI and guiding
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appropriate antibiotic use; however, in clin-

ical practice, a long time is usually needed

(more than 72 hours) before results can be

obtained. Even a short delay in detection

pathogen can lead to catastrophic conse-

quences for patients with sepsis.11 At pre-

sent, clinical methods are lacking for the

early identification of BSI so as to initiate

appropriate treatment in a timely manner

and improve clinical outcomes in adult

patients with COVID-19.
In the present study, we assessed clinical

parameters and inflammatory markers in

patients with positive culture, between

blood culture collection and the first posi-

tive result, in comparison with patients who

had a negative culture. We aimed to explore

whether changes in clinical parameters and

inflammatory markers could be used for the

early identification of positive blood culture

among adult patients with COVID-19 and

clinically suspected BSI. The findings of this

study will provide evidence for the early

diagnosis of BSI and advance initiation

of corresponding treatment in adult

patients with COVID-19 and clinically sus-

pected BSI.

Methods

Study design

In this single-center retrospective study, we

enrolled adult patients with COVID-19

who were admitted to the ICU in our

COVID-19 treatment center and underwent

blood culture owing to clinically suspected

BSI between February 2020 and November

2021. Patients were divided into a positive

blood culture group and negative blood cul-

ture group, according to their blood culture

results. Enrolled adult patients with

COVID-19 were managed by the same

group of experienced intensivists and

underwent similar treatment regimens

according to the Diagnosis and Treatment

of New Coronavirus Pneumonia (fifth,

sixth and seventh editions).12–14

This study was conducted in accordance

with the Declaration of Helsinki of 1975 as

revised in 2013. The study protocol was

reviewed and approved by the Ethics

Committee of the First Affiliated Hospital

of Harbin Medical University on 28 March

2022 (IRB: 2022XS14-02). Owing to the

nature of this retrospective study, written

informed consent in this study was waived.

All patient details were de-identified, and

other members of the research team were

not privy to the personal information of

enrolled patients beyond that required for

this study. The reporting of this study con-

forms to the Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) guidelines.15

Study population

The inclusion criteria were as follows: (1)

ICU admission in the COVID-19 Treatment

Center of Heilongjiang Province between

February 2020 and November 2021; (2) age

�18 years; (3) patients with confirmed

COVID-19; and (4) blood culture collection

owing to clinically suspected BSI. The exclu-

sion criteria were: (1) AIDS; (2) malignant

tumors and leukemia patients receiving radio-

therapy and/or chemotherapy within the past

6 months; (3) organ transplant within the

past 6 months; (4) immunotherapy within

the past 6 months; (5) chronic organ failure;

(6) autoimmune disorder; (7) pregnant or

breastfeeding women; (8) patients expected

to die within 72 hours; and (9) incomplete

medical records.

Diagnosis and classification of COVID-19

All enrolled adult patients with COVID-19

were confirmed via detection of SARS-

CoV-2 nucleic acid in oropharyngeal

swab, nasopharyngeal swab, or lower respi-

ratory tract specimens. Patients were then

Li et al. 3



classified according to the Diagnosis and
Treatment of New Coronavirus Pneumonia
(fifth, sixth and seventh editions).12–14

Blood culture collection and determination

of bloodstream infection (BSI)

In our study, blood culture collection was
based on clinical manifestations of BSI
(e.g., high fever, chills) in adult patients
with COVID-19, rather than a routine test.
Standardized aseptic sampling procedures
were adopted for blood culture collection
to minimize the risk of contamination.
Multiple blood cultures were carried out in
patients with clinically suspected BSI to
reduce the possibility of false negatives.
Blood culture was collected from two sites
at each collection (one central vein sample
through a central venous catheter and one
peripheral vein sample or two peripheral
vein samples). Each collected specimen was
divided among four 10-mL blood culture
bottles. If the same pathogen was cultivated
from two sites, the patient was considered to
have BSI. If the pathogens cultivated from
two sites were different or the culture result
for one site was negative, we also considered
high-risk factors, clinical symptoms, physical
examination, laboratory parameters, and
radiographic imaging so as to make a com-
prehensive judgment and reduce the possibil-
ity of false positives. A full panel of experts
was jointly responsible for diagnosing BSI
and adjusting each patient’s treatment
regimen.

Data collection and measurement of
inflammatory markers

Dedicated personnel on our research team
collected demographic data at admission, as
well as clinical parameters, including the
severity of COVID-19, white blood cell
count (WBC), neutrophil proportion
(NEUT%), lymphocyte count (LYMPH),
lymphocyte percentage (LYMPH%),

platelet (PLT), C-reaction protein (CRP),
procalcitonin (PCT), alanine aminotrans-
ferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TBIL), albumin
(ALB), serum creatinine (SCr), D-dimer,
fibrinogen (FIB), SOFA scores, and inflam-
matory markers including immunoglobulin 2
(IL-2), IL-4, IL-6, IL-10, tumor necrosis factor
alpha (TNF-a), and interferon gamma
(IFN-c). These data were obtained from
patients’ medical records between blood cul-
ture collection and the first positive or neg-
ative result and were then compared between
the two groups on different days.

SOFA score was calculated based on clin-
ical parameters within 24 hours after ICU
admission. Serum concentrations of inflam-
matory markers (IL-2, IL-4, IL-6, IL-10,
TNF-a, and IFN-c) were quantitatively mea-
sured using cytometric bead array.

Statistical analysis

We used IBM SPSS 24.0 (IBM Corp.,
Armonk, NY, USA) for the statistical anal-
yses. Continuous data with a normal distri-
bution are presented as mean� standard
deviation, and data with a non-normal dis-
tribution are expressed as median (P25,
P75). Measurement data are expressed as
frequency (percentage). An independent
samples t-test was used for inter-group
comparisons of continuous data with a
normal distribution, and the Mann–
Whitney U test was applied for inter-group
comparisons of data with a non-normal dis-
tribution. Fisher’s exact test was applied for
comparing measurement data between the
two groups. The analysis of variance and
Tamhane’s T2 method were used for three-
group and inter-group comparisons of con-
tinuous data with a normal distribution, and
the Kruskal–Wallis method was applied for
three-group and inter-group comparisons of
data with a non-normal distribution, respec-
tively. The receiver operating characteristic
(ROC) curve was analyzed for predictive
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variables, and the sensitivity and specificity
of the ROC curve were calculated. p-values
<0.05 were considered to indicate statistical
significance.

Results

Comparison of demographic and clinical
baseline data

We retrospectively included 20 adult
patients with COVID-19 who were admit-
ted to the ICU owing to clinically suspected
BSI in our center and underwent blood cul-
ture between February 2020 and November
2021. Patients were divided into a positive
and negative blood culture group. Male
patients accounted for 75% of the
positive-culture group, and the mean age
of patients with a positive blood culture
was 70.50�8.47 years. In comparison with
the negative-culture group, patients in the
positive blood culture group exhibited
significantly older age and higher
D-dimer, IL-6, and SOFA score, as well
as lower ALB (p¼ 0.001, 0.031, 0.016,
0.031, and 0.004, respectively (Table 1).
No significant difference was observed for
the remaining demographic and clinical
baseline data.

Comparison of clinical parameters and
inflammatory markers after blood culture
collection

As shown in Table 2, significantly higher
CRP, PCT, D-dimer, and IL-6, as well as
lower LYMPH% and ALB were observed
in patients with positive culture on the
first day after blood culture collection
(p¼ 0.014, 0.016, 0.020, 0.025, 0.005, and
0.033, respectively). As shown in Table 3,
we found significantly higher CRP,
D-dimer, IL-6, and IL-10 in patients with
positive culture on the second day after
blood culture collection (p¼ 0.029, 0.010,
0.047, and 0.007, respectively).

On the first day after blood culture col-
lection, LYMPH% in patients with nega-
tive culture and PCT in patients with
positive culture were significantly higher
than the baseline, as shown in Table 4.

Receiver operating characteristic curve
in adult patients with COVID-19 and
clinically suspected BSI

To predict positive culture, we calculated
the area under the ROC curve for IL-6,
D-dimer, and ALB related to adult patients
with COVID-19 and clinically suspected
BSI on the first day after blood culture col-
lection, which had a value of 0.865. The
sensitivity and specificity of the ROC
curve were 83.3% and 87.5%, respectively
(Table 5 and Figure 1). The area under the
ROC curve for IL-6, IL-10, D-dimer, and
CRP on the second day after blood culture
collection had a value of 0.979. The sensi-
tivity and specificity of the ROC curve were
100% and 87.5%, respectively (Table 6 and
Figure 2).

Discussion

COVID-19 can involve viral sepsis caused
by SARS-CoV-2 infection; thus, virus-
induced immune-suppressive responses
could reduce granulocyte infiltrates and
cause sustained desensitization of lung sen-
tinel cells to Toll-like receptor ligands,
thereby enhancing susceptibility to co-
infection and secondary infection.16,17 The
proportion of patients with COVID-19 who
have co-infection or secondary infection
with at least one additional pathogen
varies widely from 3.6% to 17.8%.18–21

Two recent meta-analyses including 3448
and 3834 patients found that approximately
7% of hospitalized patients with COVID-
19 had a bacterial co-infection, with a sig-
nificantly higher proportion among critical
patients, patients in the ICU, and older
people.20–26 Given that hundreds of

Li et al. 5



Table 1. Comparison of demographic and clinical baseline data between the two groups.

Positive blood

culture group

Negative blood

culture group Fisher/t/z p

Sex (male/female) 9/3 3/5 – 0.167

Hypertension (yes/no) 7/5 3/5 – 0.650

Diabetes (yes/no) 4/8 3/5 – >0.99

Cerebral infarction (yes/no) 4/8 1/7 – 0.603

Severity of COVID-19 (severe/other) 7/5 6/2 – 0.642

Age (years) 70.50� 8.47 53.13� 12.09 3.79 0.001

Number of comorbidities 2.16� 1.59 1.50� 1.85 0.86 0.400

WBC (�109/L) 8.39� 4.05 9.16� 5.93 �0.35 0.734

NEUT% (%) 83.45� 7.85 84.10� 6.05 �0.20 0.845

LYMPH (�109/L) 0.55 (0.37, 0.86) 0.60 (0.40, 0.96) �0.12 0.910

LYMPH% (%) 9.19� 5.44 8.54� 3.64 0.30 0.770

PLT (�109/L) 168.67� 76.01 197.38� 79.59 �0.81 0.427

CRP (mg/L) 165.25� 68.96 95.49� 81.84 2.06 0.054

PCT (ng/mL) 0.24 (0.11, 2.58) 0.49 (0.21, 1.57) �0.84 0.442

ALT (U/L) 44.53 (34.19, 77.63) 32.84 (23.27, 46.15) �1.62 0.115

AST (U/L) 58.15� 35.24 44.98� 19.82 0.96 0.352

TBIL (lmol/L) 19.31� 8.91 15.85� 6.87 0.93 0.367

ALB (g/L) 30.69� 3.84 36.22� 3.44 �3.28 0.004

SCr (lmol/L) 63.11 (44.83 88.28) 63.87 (28.64, 78.53) �0.62 0.571

D-dimer (lg/L) 3.41 (2.39, 4.57) 1.32 (1.05, 3.22) �2.12 0.031

FIB (g/L) 6.02� 1.35 5.44� 0.94 1.04 0.311

IL-2 (pg/mL) 1.37 (0.83, 1.42) 0.92 (0.78, 1.25) �1.35 0.181

IL-4 (pg/mL) 0.82 (0.75, 1.06) 0.92 (0.62, 1.18) �0.23 0.851

IL-6 (pg/mL) 179.50 (98.14, 543.82) 43.02 (17.81, 82.11) �2.39 0.016

IL-10 (pg/mL) 4.53 (2.23, 7.40) 5.75 (3.93, 9.57) �1.04 0.305

TNF-a (pg/mL) 1.36� 0.39 1.01� 0.40 1.92 0.071

IFN-c (pg/mL) 1.35 (0.92, 1.97) 2.00 (1.04, 3.44) �0.97 0.343

SOFA score 5.33� 1.23 3.88� 1.55 2.34 0.031

Values are n (%), mean� standard deviation (SD), or median (P25, P75).

WBC, white blood cell count; NEUT%, neutrophil proportion; LYMPH, lymphocyte count; LYMPH%, lymphocyte

percentage; PLT, platelet; CRP, C-reaction protein; PCT, procalcitonin; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; TBIL, total bilirubin; ALB, albumin; SCr, serum creatinine; FIB, fibrinogen; SOFA, Sequential Organ

Failure Assessment; IL, immunoglobulin; TNF, tumor necrosis factor; IFN, interferon.

Table 2. Comparison of clinical parameters and inflammatory markers on the first day after blood culture
collection.

Positive blood

culture group

Negative blood

culture group t/z p

WBC (�109/L) 8.39� 2.67 6.95� 2.58 1.21 0.244

NEUT% (%) 81.54� 7.14 77.84� 12.26 0.86 0.403

LYMPH (�109/L) 0.77� 0.38 1.39� 0.77 �2.10 0.064

LYMPH% (%) 9.38� 4.34 16.46� 5.49 �3.22 0.005

PLT (�109/L) 160 (138.75, 266.25) 176 (159, 234.25) �0.70 0.521

CRP (mg/L) 158.62� 79.30 74.60� 43.76 2.718 0.014

(continued)
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Table 2. Continued.

Positive blood

culture group

Negative blood

culture group t/z p

PCT (ng/mL) 2.90 (1.24, 30.49) 0.35 (0.06, 1.28) �2.39 0.016

ALT (U/L) 47.11� 29.98 40.27� 14.88 0.68 0.509

AST (U/L) 54.51� 25.31 47.68� 18.83 0.65 0.524

TBIL (lmol/L) 19.38� 9.28 16.74� 10.79 0.58 0.566

ALB (g/L) 29.74� 4.29 33.61� 2.41 �2.30 0.033

SCr (lmol/L) 62.17 (48.55, 100.38) 57.13 (41.76, 85.62) �1.16 0.270

D-dimer (lg/L) 4.13 (1.95, 12.11) 1.15 (1.02, 1.71) �2.32 0.020

FIB (g/L) 5.09� 1.79 5.30� 1.26 �0.29 0.777

IL-2 (pg/mL) 1.20� 0.54 0.90� 0.53 1.24 0.232

IL-4 (pg/mL) 1.02� 0.33 0.78� 0.38 1.49 0.153

IL-6 (pg/mL) 131.74 (76.39, 375.13) 45.46 (18.09, 64.40) �2.24 0.025

IL-10 (pg/mL) 5.01 (2.85, 13.45) 2.58 (1.71, 5.43) �1.70 0.098

TNF-a (pg/mL) 1.41� 0.62 1.21� 0.59 0.72 0.483

IFN-c (pg/mL) 1.31 (0.71, 2.81) 2.00 (0.56, 2.88) �0.31 0.792

Values are mean� standard deviation, or median (P25, P75).

WBC, white blood cell count; NEUT%, neutrophil proportion; LYMPH, lymphocyte count; LYMPH%, lymphocyte per-

centage; PLT, platelet; CRP, C-reaction protein; PCT, procalcitonin; ALT, alanine aminotransferase; AST, aspartate ami-

notransferase; TBIL, total bilirubin; ALB, albumin; SCr, serum creatinine; FIB, fibrinogen; IL, immunoglobulin; TNF, tumor

necrosis factor; IFN, interferon.

Table 3. Comparison of clinical parameters and inflammatory markers on the second day after blood
culture collection.

Positive blood

culture group

Negative blood

culture group t/z p

WBC (�109/L) 8.69� 3.78 8.28� 3.34 0.25 0.806

NEUT% (%) 82.93� 9.67 76.31� 9.18 1.53 0.144

LYMPH (�109/L) 0.61 (0.32, 0.98) 0.78 (0.70, 1.35) �1.43 0.157

LYMPH% (%) 8.57� 5.53 13.35� 5.89 �1.85 0.081

PLT (�109/L) 157.58� 71.81 198.25� 54.68 �1.36 0.192

CRP (mg/L) 201.49� 56.95 107.44� 119.66 2.37 0.029

PCT (ng/mL) 1.77 (0.40, 0.52) 0.31 (0.18, 1.86) �1.62 0.115

ALT (U/L) 44.65� 31.31 38.56� 15.68 0.51 0.619

AST (U/L) 49.17� 28.94 40.90� 16.17 0.73 0.474

TBIL (lmol/L) 19.08 (13.75, 33.70) 13.05 (8.50, 23.72) �1.47 0.157

ALB (g/L) 29.80� 3.84 31.54� 4.66 �0.91 0.374

SCr (lmol/L) 65.99 (55.80, 101.41) 54.45 (26.49, 79.74) 1.78 0.092

D-dimer (lg/L) 4.57 (3.24, 9.06) 1.48 (1.29, 3.00) �2.55 0.010

FIB (g/L) 5.98� 1.53 6.51� 1.74 �0.71 0.490

IL-2 (pg/mL) 1.30 (1.13, 1.92) 0.99 (0.69, 1.69) �1.24 0.238

IL-4 (pg/mL) 1.17� 0.34 1.05� 0.38 0.75 0.462

IL-6 (pg/mL) 128.14 (56.48, 279.29) 26.12 (11.29, 209.99) �2.01 0.047

IL-10 (pg/mL) 9.16 (6.61, 13.45) 3.58 (2.03, 5.40) �2.62 0.007

TNF-a (pg/mL) 1.60 (1.22, 1.85) 1.04 (0.95, 1.41) �1.62 0.115

IFN-c (pg/mL) 1.64 (0.92, 7.00) 1.19 (1.10, 7.01) �0.39 0.734

Values are mean� standard deviation, or median (P25, P75).

WBC, white blood cell count; NEUT%, neutrophil proportion; LYMPH, lymphocyte count; LYMPH%, lymphocyte

percentage; PLT, platelet; CRP, C-reaction protein; PCT, procalcitonin; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; TBIL, total bilirubin; ALB, albumin; SCr, serum creatinine; FIB, fibrinogen; IL, immunoglobulin;

TNF, tumor necrosis factor; IFN, interferon.
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millions of people have been infected with
SARS-CoV-2, this very large group would
include many with abnormal clinical
parameters, receiving antibiotics, and a
worsening clinical condition with prolonged
hospital or ICU stay, as well as significant
mortality, and this is especially true among
older patients.18,27,28 Blood is the most
common source of sterile specimens, and
BSI is one of the most common co-
infections/secondary infections in patients
with COVID-19, with an incidence of
5.3% to 9.8%. This rate is significantly
increased in critically ill patients with
COVID-19 or those admitted to the ICU

Table 4. Comparison of clinical parameters and inflammatory markers between the two groups on
different days.

Group Baseline

First day after blood

culture collection

Second day after blood

culture collection F/z p

LYMPH% (%) Positive blood

culture group

9.19� 5.44 9.38� 4.34 8.57� 5.53 0.082 0.922

Negative blood

culture group

8.54� 3.64 16.46� 5.49a 13.35� 5.89 4.89 0.018

CRP (mg/L) Positive blood

culture group

165.25� 68.96 158.62� 79.30 201.49� 56.95 1.342 0.275

Negative blood

culture group

95.49� 81.84 74.60� 43.76 107.44� 119.66 0.29 0.752

ALB (g/L) Positive blood

culture group

30.69� 3.84 29.74� 4.29 29.80� 3.84 0.603 0.553

Negative blood

culture group

36.22� 3.44 33.61� 2.41 31.54� 4.66 0.25 0.784

D-dimer

(lg/L)
Positive blood

culture group

3.41 (2.39, 4.57) 4.13 (1.95, 12.11) 4.57 (3.24, 9.06) 0.67 0.716

Negative blood

culture group

1.32 (1.05, 3.22) 1.15 (1.02, 1.71) 1.48 (1.29, 3.00) 1.86 0.395

PCT (ng/mL) Positive blood

culture group

0.24 (0.11, 2.58) 2.90 (1.24, 30.49)a 1.77 (0.40, 0.52) 6.67 0.036

Negative blood

culture group

0.49 (0.21, 1.57) 0.35 (0.06, 1.28) 0.31 (0.18, 1.86) 0.21 0.900

IL-6 (pg/mL) Positive blood

culture group

179.50 (98.14,

543.82)

131.74 (76.39,

375.13)

128.14 (56.48,

279.29)

0.46 0.793

Negative blood

culture group

43.02 (17.81, 82.11) 45.46 (18.09, 64.40) 26.12 (11.29, 209.99) 0.24 0.887

IL-10 (pg/mL) Positive blood

culture group

4.53 (2.23, 7.40) 5.01 (2.85, 13.45) 9.16 (6.61, 13.45) 3.858 0.145

Negative blood

culture group

5.75 (3.93, 9.57) 2.58 (1.71, 5.43) 3.58 (2.03, 5.40) 1.81 0.406

aSignificant difference compared with the baseline.

Values are mean� standard deviation, or median (P25, P75).

LYMPH%, lymphocyte percentage; PCT, procalcitonin; CRP, C-reaction protein; ALB, albumin; IL, immunoglobulin.

Table 5. AUC for IL-6, D-dimer and ALB related
to adult patients with COVID-19 and clinically
suspected BSI on the first day after blood culture
collection.

AUC SEa
Asymptotic,

p-valueb

Asymptotic 95% CI

Lower

bound

Upper

bound

0.865 0.084 0.007 0.699 1.000

aUnder the non-parametric assumption.
bNull hypothesis: true area¼ 0.5.

AUC, area under the receiver operating characteristic

curve; IL, immunoglobulin; ALB, albumin; BSI, blood-

stream infection; SE, standard error; CI, confidence

interval.
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for more than 48 hours, reaching 40% to

67.4%.4,29,30 Furthermore, the incidence

of BSI also rises with prolonged duration

of ICU stay.31

Approximately 7.1% of patients with
COVID-19 are reported to have positive
blood cultures, but more than half of cul-
tures are identified as contaminated.32 In
the ICU setting, a significant increase in
blood culture contamination has been
reported during the COVID-19 pandem-
ic.33,34 False-negative results mean that
patients are not identified in time and the
optimal opportunity for clinical interven-
tion is missed. False-positive results can
lead to unnecessary antibiotic use and an
increased risk of adverse drug events,
antibiotic-associated infections, antimicro-
bial resistance, and colonization with resis-
tant pathogens, as well as higher hospital
costs. As a novel universal method to
detect all pathogens in clinical samples,
metagenomic next-generation sequencing
can improve the pathogen detection rate
but is time-consuming.35 The problem of

Figure 1. Receiver operating characteristic (ROC) curve of immunoglobulin 6 (IL-6), D-dimer, and albumin
(ALB) related to adult patients with COVID-19 and clinically suspected bloodstream infection on the first
day after blood culture collection. BSI, bloodstream infection; SE, standard error; CI, confidence interval.

Table 6. AUC for IL-6, IL-10, D-dimer and CRP
related to adult patients with COVID-19 and
clinically suspected BSI on the second day after
blood culture collection.

AUC SEa
Asymptotic,

p-valueb

Asymptotic 95% CI

Lower

bound

Upper

bound

0.979 0.027 <0.001 0.927 1.000

aUnder the non-parametric assumption.
bNull hypothesis: true area¼ 0.5.

AUC, area under the receiver operating characteristic

curve; IL, immunoglobulin; CRP, C-reactive protein; BSI,

bloodstream infection; SE, standard error; CI, confidence

interval.
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how to obtain accurate blood culture
results as early as possible using common
clinical parameters and inflammatory
markers must be urgently solved.

Acute-phase reactants, such as CRP,
PCT, and various cytokines, are associated
with co-infections and secondary infections
in patients with COVID-19. Among these,
IL-6 is a recognized biomarker for early
detection of COVID-19 progression and is
associated with adverse clinical out-
comes.36,37 However, a cytokine storm
may only be part of pathogenesis of
COVID-19, which may also be involved in
inflammation, immunity, coagulation, and
multiple organ functions.38 This view is fur-
ther supported by the significant differences
in D-dimer, ALB, and LYMPH% in our
comparison of clinical parameters after

blood culture collection between the
groups.

In the positive blood culture group, the
significance of older age further confirmed
that advanced age is a high-risk factor and
valuable predictor of increased mortality
in adult patients with COVID-19.10 SOFA
score was significantly different between the
two groups, in a comparison of clinical
baseline data, suggesting that the occur-
rence of BSI is closely related to disease
severity, consistent with previous findings.31

Although the sensitivity of the ROC curve
for IL-6, IL-10, D-dimer, and CRP
increased to 100% on the second day after
blood culture collection, but its clinical
timeliness was reduced, thereby affecting
the timeliness of initiating relevant interven-
tions and consequently, patient prognosis.

Figure 2. Receiver operating characteristic (ROC) curve of IL-6, IL-10, D-dimer, and CRP related to adult
patients with COVID-19 and clinically suspected bloodstream infection on the second day after blood
culture collection. IL-6, immunoglobulin 6; CRP, C-reactive protein; BSI, bloodstream infection; SE, standard
error; CI, confidence interval.
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Early identification of positive blood cul-
ture in adult patients with COVID-19 who
have clinically suspected BSI requires a bal-
ance between accuracy and timeliness. The
sensitivity and specificity of the ROC curve
for IL-6, D-dimer, and ALB on the first day
after blood culture collection were 83.3%
and 87.5%, respectively, which was a
relatively satisfactory result in terms of
accuracy and timeliness. The above result
suggested that decreased ALB combined
increased D-dimer and IL-6 on the first
day after blood culture collection can pre-
dict a high probability of positive culture in
adult patients with COVID-19 and clinical-
ly suspected BSI.

There are some limitations in the present
study. First, the results and conclusion of
our study may be influenced by false posi-
tive and false negative blood culture results
with respect to BSI. However, this study
included comprehensive assessment by an
expert panel, and multiple blood cultures
to reduce the possibility of false results.
Additionally, the credibility and generaliz-
ability of our conclusions may be weakened
owing to the nature of this single-center ret-
rospective study. Lastly, we enrolled a small
number of adult patients with COVID-19
and clinically suspected BSI. Our findings
should be further validated in multi-center
large-sample studies.

Conclusion

Changes in clinical parameters and inflam-
matory markers after blood culture collec-
tion can be used for early identification of
positive culture in adult patients with
COVID-19 and clinically suspected BSI.
This approach can assist intensivists in the
early diagnosis of BSI and initiation of
appropriate treatments to improve clinical
outcomes. To our knowledge, our study is
the first to explore the possibility of early
identification of positive blood culture
using clinical parameters and inflammatory

markers in adult patients with COVID-19
and clinically suspected BSI. Our findings
should be further validated in future
multi-center large-sample studies. Greater
emphasis should be placed on removing
unnecessary catheters, restoring intact bar-
riers, and strengthening patient care proce-
dures to minimize the threat of BSI.
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