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Abstract
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Background: Intensive care unit (ICU) patients with coronavirus disease 2019 (COVID-19), have
a high risk of developing bloodstream infections (BSls). However, the characteristics of and
risk factors for BSls in these patients remain unclear.

Objective: We aimed to identify prevalent causative pathogens of BSl and related factors in

critically ill patients with COVID-19.

Design: This was a single-center, retrospective cohort study.

Methods: We analyzed the clinical characteristics and outcomes of 201 ICU patients with
COVID-19. Logistic regression analysis was conducted to identify factors associated with BSI
occurrence. Furthermore, we identified the primary causative pathogens of BSls. The study

outcomes were death or ICU discharge.

Results: Among the 201 included patients, 43 (21.4%]) patients developed BSI. The mortality
rate was non-significantly higher in the BSI group than in the BSI group (65.1% versus 58.9%,
p=0.487). There were significant between-group differences in the obesity prevalence and

sex distribution, but not corticosteroid usage. BSI occurrence was significantly associated
with duration of mechanical ventilation (MV], presence of ventilator-associated pneumonia,
use of neuromuscular blocking agents, length of stay in ICU (ICU LOS]), high body mass index
(BMI), and male sex. The main causative pathogens were Klebsiella pneumoniae, Acinetobacter
baumannii, and Enterococcus faecalis. Multi-drug-resistant pathogens were found in 87%

of cases. Regardless of the origin, the common risk factors for BSI were ICU LOS and MV
duration. All BSls were acquired within the hospital setting, with =60% of the cases being
primary BSls. A small proportion of the BSI cases were catheter-related (four cases, 6.2%].
Ventilator-associated pneumonia and urinary tract infections were present in 25% and 9.4% of
the BSI cases, respectively. On average, the first positive blood culture appeared =11.4 (+9.7)

days after ICU admission.

Conclusion: Elucidating the risk factors for and common pathogens of BSI can inform prompt

management and prevention of BSls.

Keywords: bloodstream infections, COVID-19, intensive care unit

Received: 19 June 2023; revised manuscript accepted: 27 September 2023.

Introduction

The coronavirus disease 2019 (COVID-19) pan-
demic has led to the deaths of millions of individu-
als and added a burden on healthcare systems
worldwide.! COVID-19 primarily targets the

respiratory system. Most patients with COVID-19
experience mild symptoms or remain asympto-
matic; however, a subset of patients progress to
severe disease requiring intensive medical care.
Critically ill patients with COVID-19 often
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present respiratory failure requiring mechanical
ventilation (MV) and are admitted to the intensive
care unit (ICU).2

Bloodstream infections (BSIs) are associated
with high mortality rates, prolonged hospital
stay, and increased healthcare costs in critically
ill patients. Hospitalized patients with COVID-
19 have an increased risk of developing various
bacterial coinfections,? which have a significant
negative prognostic effect. Bacterial BSIs are of
particular concern in this patient population
given the pathophysiological changes induced
by viral infections, the use of immunomodula-
tory drugs, and the extensive use of invasive
devices such as MV and intravascular catheters.*
The interaction between viral infections and
BSI often prolongs MV and length of stay
(LOS); furthermore, it increases the risk of
complications such as infection, sepsis, or septic
shock.?> Various pathogens cause BSIs in patients
with COVID-19, including both common hos-
pital-acquired organisms and opportunistic
pathogens that exploit the immunocompromise
caused by COVID-19. These BSIs are espe-
cially challenging to treat given the underlying
virus-induced pathophysiological changes and
potential drug interactions.® There are varying
sources of BSIs, including ventilator-associated
pneumonia (VAP), intravascular catheter-
related infections, and urinary tract infections.”
Common bacterial pathogens involved in BSIs
include Staphylococcus aureus, Klebsiella pneumo-
niae, Escherichia coli, and Pseudomonas aerugi-
nosa.® Notably, multi-drug-resistant (MDR)
pathogens have been identified. Furthermore,
BSIs in patients with COVID-19 are associated
with unfavorable clinical outcomes, including
high mortality rate as well as extended duration
in the ICU and on MV.

Ippolito et al.5 reported that the prevalence rate
of BSIs among ICU patients was 29.6%; addi-
tionally, the mortality rate was 41% among all
hospitalized patients. This high incidence could
be related to several factors, including patient
age, demographics, comorbidities, MV dura-
tion, and specific therapeutic approaches for
COVID-19.°

We aimed to determine the characteristics of BSI
in ICU patients with COVID-19 and to identify

the risk factors and prevalent causative pathogens
for BSI.

Materials and methods

Study design and population

This single-center retrospective cohort study was
conducted in accordance with the Strengthening
the Reporting of Observational Studies in
Epidemiology statement guidelines. A total of
235 adult patients with COVID-19 were admit-
ted to the University Clinical Hospital ICU in
Bialystok, Poland, between 3 March 2020, and 1
July 2021. The inclusion criteria were as follows:
age >18years, acute COVID-19 infection con-
firmed by a reverse transcription polymerase
chain reaction test of nasal and pharyngeal swab
specimens or lower respiratory tract secretions,
and ICU admission for SARSCoV-2 infection.
We excluded pregnant women and patients
admitted to the ICU for reasons other than
COVID-19, including elective surgery or emer-
gencies. Accordingly, we included 201 eligible
participants; among them, 43 patients developed
BSI. Figure 1 presents a flowchart of the selec-
tion of participants. Positivity for BSI was indi-
cated when at least four blood samples were
collected and at least two of them were positive
for a clinically significant organism.1%11 This was
determined prior to the commencement of anti-
biotic treatment in order to avoid false-negative
results.12 To decrease the risk of falsely identify-
ing contamination cases as clinically signifi-
cant,1%11 we compared the blood test results with
the patient’s conditions; furthermore, as afore-
mentioned, two positive samples were required.
In case of polymicrobial infections, each causal
organism identified in the blood culture was con-
sidered a unique BSI. Fever and other laboratory
findings indicative of infection were considered
necessary for assigning a case of BSI. Bacteremia
diagnosed =48h after hospital admission was
classified as hospital-acquired BSI. Primary BSI
was identified if the patient lacked a definite
infection source. Secondary BSI was identified
when an infection source was suspected, and the
same microbe as that in the source was found in
the blood culture.

Antibiotic treatment was initiated based on clini-
cal judgment, with consideration of factors such
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All patients were admitted to the
ICU with a positive RT-PCR test
result for SARS-CoV-2 (n=235).

A4

Yes, n=201, Positive
microbiological sample from the
circulatory system after 48h
from admission to ICU.

BSI Group
n=43 (21,4%)

Figure 1. Flowchart of patient screening and inclusion.

Admission for reasons other than
infection with COVID-19
detected usingnthe compulsory
RT-PCR test n=34

Non-BSI Group
n=158 (78,6%)

BSI, bloodstream Infection; COVID-19, coronavirus disease 2019; ICU, intensive care unit; MV, mechanical ventilation;
RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

as the presence of fever or other infection signs as
well as microbiological examination.

Statistical analysis

A r-test or chi-square test was used to assess the
relationships between variables, and p values were
reported. Two-state logistic regression was used
to investigate significant risk factors for BSI.
Statistical significance was set at p<<0.05. All
analyses were performed using the R software
version 4.1.1.12

Results

Table 1 presents the demographic and clinical
characteristics of the patients upon ICU admis-
sion and the risk factors for developing BSI.
Among 201 included patients, 43 (21.4%)
patients developed BSIs (BSI group), whereas
158 patients (78.6%) did not develop BSIs (non-
BSI group).

Most patients in the BSI group were women
(69.8% wersus 53.2%, p=0.050). Notably, the
BSI group was non-significantly younger than the
non-BSI group (63.3% versus 66.9%; p=0.082).

There were no significant between-group differ-
ences in baseline characteristics such as body
mass index (BMI); sex; age; and existing condi-
tions such as diabetes mellitus, atrial fibrillation,
hypertension, and chronic heart failure. However,
the percentage of patients with obesity was sig-
nificantly higher in the BSI group (35.7%) than
in the non-BSI group (17.8%) (»=0.019).

Upon arrival at the ICU, there was no significant
between-group difference in the mean Acute
Physiology and Chronic Health Evaluation II
(APACHE 1I) scores (p=0.789). Similarly, there
were no significant between-group differences in
the other clinical and laboratory parameters such
as mean PaO,/FiO, occurrence of acute kidney
failure as well as levels of C-reactive protein,
D-dimer, international normalized ratio, interleu-
kin 6 (IL-6), neutrophils, procalcitonin, and
white blood cells.

During hospitalization, the ICU LOS and dura-
tion of MV were significantly longer in the BSI
group than in the non-BSI group (both »<0.001).
Moreover, the BSI group had a higher incidence
of VAP than the non-BSI group (58.1% wversus
26.6%, p<<0.001). In addition, the BSI group
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Table 1. Characteristics of ICU patients with COVID-19, risk factors for BSI, disease course, treatments, and

outcome.
Headcount Non-BSI BSI n2=43 All n=201 p Value
n1=158 (78.6%) (21.4%)

Baseline and demographic
Mean age (+SD) - years 66.9 (12.3) 63.3(10.7) 66.1(12.1) 0.082
Female - no. (%) 74 (46.8) 13(30.2) 87 (43.3) 0.050
Average BMI (=SD) 31.8(7.1) 37.2 (34.3) 33.0(17.0) 0.064
DM 43 (27.2) 17 (39.5) 60 (29.9) 0.134
AF 25(15.8) 3(7.0) 28 (13.9) 0.212
HT 92 (58.6) 29 (67.4) 121 (60.5) 0.379
Obesity 28 (17.8) 15 (35.7) 43 (21.6) 0.019
CHF 40 (25.3) 6(14.3) 46 (23.0) 0.153

On arrival in the ICU
Mean APACHE Il (=SD) 29.1 (8.4) 28.8 (6.8 29.1 (8.0 0.789
Mean Pa0,/Fi0, (=SD) - mmHg 129.8 (79.1) 116.2 (67.2) 126.9(76.7) 0.303
Acute kidney failure - no. (%) 53 (33.5) 16 (37.2) 69 (34.3) 0.718
CRP (+SD) mg/L 82.3(91.0) 89.1(88.1) 83.7(90.2) 0.659
D-dimer (=SD) 4.0 (4.5) 3.6 (4.1) 3.9 (4.4) 0.761
INR (+SD) 1.4(0.3) 1.3(0.2) 1.4(0.3) 0.060
Interleukin 6 (+SD) pg/mL 488.0 (952.5) 341.7 (593.9) 451.4(876.9)  0.408
Absolute neutrophils (X 10%/uL) 11.2(7.3) 8.6 (5.4) 10.5 (6.9) 0.107
Neutrophil percentage (+SD) 74.6 (26.9) 76.7 (25.5) 75.2 (26.4) 0.739
Procalcitonin (+SD) ng/mL 2.8 (9.5) 0.4 (0.4) 2.3(8.4) 0.109
White blood cells (X 103/pL) (+SD) 13.3(9.1) 11.2(10.8) 12.9 (9.5) 0.200
Fi0, Mean (SD) 0.8(0.2) 0.9 (0.2) 0.8(0.2) 0.082

During hospitalization
Mean LOS at ICU (=SD) - days 10.9 (7.9) 20.1 (13.8) 12.8 (10.1) <0.001
MV - no. (%) 140 (88.6) 43(100.0) 183 (91.0) 0.015
The average MV duration (+SD) - days 9.3 (7.4) 18.0 (10.9) 11.2(9.0) <0.001
Infusion of NMBAs at least 1 day (%) 98 (62.0) 37(86.0) 135 (67.2) 0.003
Corticosteroids - no. (%) 136 (86.1) 41(95.3) 177 (88.1) 0.116

[Continued]
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Table 1. (Continued)

Headcount Non-BSI BSI n2=43 Alln=201 p Value
n1=158 (78.6%) (21.4%)
Prone Position - no. (%) 58 (36.7) 21 (48.8) 79 (39.3) 0.162
Chronic organ insufficiency or immune 105 (66.5) 23 (53.5) 128 (63.7) 0.152
compromise - no. (%)
VAP - no. (%) 42 (26.6) 25 (58.1) 67(33.3) <0.001
Not ARDS* 8(5.1) 1(2.3) 9 (4.5) 0.952
ARDS mild* 16 (10.1) 4(9.3) 20 (10.0]
ARDS moderate* 60 (38.0) 16 (37.2) 76 (37.8)
ARDS sever* 74 (46.8) 22 (51.2) 96 (47.8)
Antibiotics - no. (%) 140 (88.6) 42 (100) 182 (90.5)
Characteristics and source of BSI
Hospital-acquired BSI - no. (%) 64 (100)
Primary BSI - no. (%) 38 (59.4)
Community-acquired BSI - no. (%) 0(0)
CRBSI - no. (%) 4(6.2)
VAP - no. (%) 16 (25)
UTI - no. (%) 61(9.4)
Time to first positive blood culture 11.4(9.7)
from ICU admission (+=SD) - days
After 24 h of ICU hospitalization
CRP (+SD) mg/L 72.5 (77.0) 57.6 (58.4) 69.3 (73.4) 0.324
D-dimer (+SD) 4.8 (5.5) 6.4 (4.8) 5.2(5.3) 0.339
INR (=SD) 1.4(0.3) 1.3(0.2) 1.4(0.3) 0.275
Interleukin 6 (=SD) pg/mL 291.8 (406.0) 317.5(351.5) 297.0(391.5) 0.871
Absolute neutrophils (x10%/uL) 11.0 (5.6) 9.7 (4.8) 10.6 (5.4) 0.565
Neutrophils percent (+SD) 80.8 (18.8) 59.2(39.8) 74.6 (27.5) 0.059
Procalcitonin (+SD) ng/mL 2.2(6.7) 0.5(0.4) 1.9 (6.0 0.166
White blood cells (x103/uL]) (=SD) 13.1(8.8) 13.8(14.8]) 13.2(10.0) 0.760
After 48 h of ICU hospitalization
CRP (+SD) mg/L 54.9 (67.8) 444 (62.7) 52.6 (66.6) 0.442
D-dimer (=SD) 5.2 (5.5) 2.9 (2.1) 4.6 (4.9) 0.157
(Continued]
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Headcount Non-BSI BSI n2=43 All n=201 p Value
n1=158(78.6%) (21.4%)

INR (+SD) 1.3(0.2) 1.2(0.2) 1.3(0.2) 0.289
Interleukin 6 (+SD) pg/mL 237.7 (311.7) 159.4 (200.7) 218.1(287.6)  0.463
Absolute neutrophils (X 10%/pL) 9.9 (6.6 9.6 (4.0 9.8(5.9) 0.902
Neutrophil percentage (+SD) 71.9 (26.0) 81.4 (5.5) 74.5(22.6) 0.288
Procalcitonin (=SD) ng/mL 1.5 (4.5) 0.6 (0.5) 1.3 (4.0) 0.278
White blood cells (X 10%/pL]) (+SD] 13.9(9.9) 13.9 (13.6) 13.9 (10.8) 0.984

After 72 h of ICU hospitalization
CRP (+SD) mg/L 47.8 (51.3) 40.1(53.2) 46.1(51.6) 0.488
D-dimer (+SD) 4.3 (4.3) 4.3(3.8) 4.3 (4.1) 0.982
INR (=SD) 1.3(0.3) 1.3(0.2) 1.3(0.3) 0.901
Interleukin 6 (+SD) pg/mL 530.2 (1081.2) 967.9 (1455.6) 621.8 0.322

(1163.8]

Absolute neutrophils (X 10%/uL) 13.2(5.8) 11.4(6.0) 12.6 (5.8) 0.485
Neutrophil percentage (+SD) 69.2 (28.5) 59.0 (34.2) 66.2(30.0) 0.434
Procalcitonin (£5D) ng/mL 1.0 (2.0) 0.6 (0.6) 0.9 (1.8) 0.303
White blood cells (X 103/uL) (+SD) 15.3(10.7) 14.4(10.8) 15.2 (10.7) 0.729

Outcome
Death - no. (%) 93 (58.9) 28 (65.1) 121 (60.2) 0.487

Results are reported as n (%) for categorical variables and as median (IQR) and SD for continuous variables.
*According to Berlin Definition of ARDS.'3

AF, atrial fibrillation; APACHE I, Acute Physiology and Chronic Health Evaluation Il; ARDS, acute respiratory distress
syndrome; ARDS, acute respiratory distress syndrome; BMI, body mass index; BSI, bloodstream infection; CHF, chronic
heart failure; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; DM, diabetes mellitus; HT, Hypertension;
ICU, intensive care unit; INR, International normalised ratio; IQR, interquartile range; LOS, length of stay; MV, mechanical

ventilation; NMBAs, neuromuscular blocking agents; SD, standard deviation; UTI, urinary tract infection; VAP, ventilator-

associated pneumonia; CRBSI, catheter-related BSI.

had a higher rate of infusions of neuromuscular
blocking agents (NMBAs) compared with the
non-BSI group (86% versus 62%, p=0.003). The
usage rate of corticosteroids was high in both
groups, with no significant between-group differ-
ence (non-BSI, 86.1%; BSI, 95.3; p=0.116).

All BSI cases (=64, 100%) were identified as
hospital-acquired BSIs. Among them, 38
(59.4%) were primary BSIs. Catheter-related

BSIs (CRBSIs) comprised a small proportion of
the BSI cases (n=4, 6.2%). VAP and urinary
tract infections were reported in 16 (25%) and
six (9.4%) patients with BSI, respectively. The
average time from ICU admission to the first
positive blood culture was 11.4 (+9.7) days. A
high proportion of patients in both groups was
treated with antibiotics, with no significant
between-group difference (non-BSI, 88.6%;
BSI, 100%; p=0.132).
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Regarding laboratory parameters at 24, 48, and
72h after ICU admission, there were no signifi-
cant between-group differences.

Finally, the mortality rate was non-significantly
higher in the BSI group (65.1%) than in the non-
BSI group (58.9%) (p=0.487).

Table 2 shows the logistic regression analysis of
factors associated with BSI occurrence. Univariate
analysis identified six factors significantly associ-
ated with BSI occurrence, including the use of
NMBAs [odds ratio (OR): 3.776, 95% confidence
interval (CI): 0.95-1.01, »=0.153], ICU LOS
[1.086 (0.0467-0.118), p<<0.001], BMI [1.017
(=0.01 to —0.9), p<<0.001], sex [0.492 (—1.43—
0.01), p 0.05], VAP [3.836 (0.643-7.734),
$<<0.001], and MV duration [1.11 (0.06-0.147),
£<<0.001)]. Table 2 also shows the results of the

multivariate analysis of the factors associated with
the occurrence of BSI.

We examined factors associated with the occur-
rence of CRBSI. Univariate logistic regression
analysis identified that the ICU LOS (OR: 1.05;
95% CI: 1.007-1.1031, p=0.024) and duration
of MV (OR: 1.06;95% CI:1.004-1.12,p=0.033)
were significantly associated with an increased
risk of CRBSI. However, the significance of these
relationships disappeared in the multivariate
analysis (ICU LOS: OR 0.932, p=0.548; dura-
tion of MV: OR 1.040, p=0.726).

Regarding VAP, ICU LOS and duration of MV
were significantly associated with VAP in the uni-
variate analysis ICU LOS: OR 1.0376, 95% CI
1.0077-1.0685, p=0.013; duration of MV: OR
1.0493, 95% CI 1.0140-1.0859, p»=0.006).

Table 2. Logistic regression of factors associated with BSI| occurrence.

Independent variables

Univariate analysis OR (95% Cl),

Multivariate analysis OR
(95% Cl), p value

p value
Use of NMBA 3.776 (0.4-2.25, p=0.005)
ICU LOS 1.086 (0.0467-0.118, p<0.001)
BMI 1.017 (-0.01-0.9, p<0.001)
Sex 0.492 (-1.43-0.01, p=0.05)

Use of corticosteroids
VAP
Death

Chronic organ insufficiency or
immunocompromised

Age
Duration of MV

Prone position

3.32(-0.29-2.687, p=0.114)

3.836 (0.643-7.734, p<0.001)

3.14(0.06-2.32, p=0.039)

1.1 (0.04318-0.1234, p<0.001)
1.03 (0-0.06, p=0.064)
2.1(-0.09-1.54, p=0.081)
5.51(-0.29-3.71, p=0.094)
1.96351 (0.877-1.4913, p=0.101)

1.305 (-0.437-0.969, p=0.458)
0.58 (-1.23-0.14, p=0.119]

0.9769 (-0.05-0.00, p=0.084)

1.11 (0.06-0.147, p<0.001)
1.65(-0.18-1.18, p=0.151)

APACHE II 0.994 (-0.05-0.04, p=0.788)
CLABSI
Use of NMBA 2.22e+7 (0.00-Inf., p 0.993)
ICU LOS 1.05 (1.007-1.1031, p=0.024)

0.932 (0.7395-1.17, p=0.548)

(Continued)
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Table 2. (Continued)

Independent variables Univariate analysis OR (95% Cl), Multivariate analysis OR

p value

(95% Cl), p value

BMI

Sex

Use of corticosteroids
VAP

Death

Chronic organ insufficiency or
immunocompromised

Age
Duration of MV
Prone position

APACHE Il

VAP

Use of NMBA

ICU LOS

BMI

Sex

Use of corticosteroids
Death

Chronic organ insufficiency or
immunocompromised

Age
Duration of MV
Prone position

APACHE Il

uTI

Use of NMBA

ICU LOS

BMI

Sex

Use of corticosteroids

VAP

0.9934 (0.897-1.100, p=0.898)
0.4 (0.05-4.337, p=0.485)
6.29e+6 (0.00-Inf., p 0.994)
1.19e+8 (0.00-Inf., p 0.994)
1.9149 (0.196-18.7, p=0.576)
0.1905 (0.02-1.860, p=0.154)

0.957 (0.89774-1.02, p=0.173)
1.06 (1.004-1.12, p=0.033)
1.82(0.25-13.14, p=0.554)
0.9593 (0.85-1.08, p=0.502)

3.646(0.807-16.47, p=0.09)
1.0376 (1.008-1.069, p=0.013)
1.0236 (0.9931-1.055, p=0.131)
0.5933 (0.1994-1.765, p=0.348)
1.0684 (0.2308-4.945, p=0.93)
1.4226 (0.4776-4.237, p=0.527)
0.9783 (0.3428-2.792, p=0.967)

0.971(0.9373-1.01, p=0.107)
1.05(1.014-1.09, p=0.006)
1.0846 (0.38-3.09, p=0.879)
1.04 (0.97-1.1, p=0.255)

0.974 (0.175-5.438, p=0.976)
1.05 (1.00997-1.0930, p=0.014)
0.97 (0.853-1.11, p=0.663)
0.2626 (0.03-2.2838, p=0.226)
0.29 (0.0508-1.655, p=0.164)
3.87(0.69-21.6, p=0.123)

0.571(0.0341-9.55, p=0.696)

0.973 (0.8676-1.09, p=0.638)
1.040 (0.8343-1.30, p=0.726)

3.5645 (0.393-32.34, p=0.26)
0.9885 (0.857-1.14, p=0.874)
1.0249 (0.979-1.07, p=0.293)

1.0026 (0.952-1.06, p=0.922)
1.0308 (0.870-1.22, p=0.726)

0.888(0.68-1.15, p=0.36)

0.3824 (0.06-2.59, p=0.325)

(Continued)
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Table 2. (Continued)

Independent variables

Univariate analysis OR (95% Cl),

p value

Multivariate analysis OR
(95% Cl), p value

Death

Chronic organ insufficiency or
immunocompromised

Age

Duration of MV
Prone position
APACHE Il
Primary BSI

Use of NMBA
ICU LOS

BMI

Sex

Use of corticosteroids
VAP

Death

Chronic organ insufficiency or
immunocompromised

Age
Duration of MV

Prone position

APACHE I

3.23(0.372-28.166, p=0.287)
1.1806 (0.218-6.5823, p=0.850)

0.9811(0.92620-1.04, p=0.515)
1.06 (1.018-1.12, p=0.007)

0.3518 (0.040-3.0624, p=0.344)
1.05751 (0.948-1.180, p=0.316)

2.3294 (0.8466-6.410, p=0.102)
1.0349 (1.0091-1.061, p=0.008)
0.999 (0.9711-1.027, p=0.916)
0.531(0.222-1.267, p=0.154)
4.3820 (0.573-33.5, p=0.155)
1.577 (0.7004-3.551, p=0.271)
1.577 (0.6597-3.77, p=0.306)
0.502 (0.224-1.125, p=0.094)

0.987 (0.9577-1.02, p=0.369)
1.047 (1.01-1.08, p=0.002)

2.5181(1.12-5.67, p=0.026)
0.977 (0.9296-1.03, p=0.358)

1.2155 (0.904-1.6, p=0.196)

1.5(0.503-4.39, p=0.47)
0.96 (0.85-1.07, p=0.43)

1.1(0.97-1.25, p=0.15)
2.3(0.99-5.4, p=0.052)

APACHE Il, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; BSI, bloodstream infection; CLABSI,
Central Line-associated bloodstream infection; ICU, intensive care unit; Inf., infinity; LOS, length of stay;
MV, mechanical ventilation; NMBA, neuromuscular blocking agent; OR, odds ratio; UTI, urinary tract infection;

VAP, ventilator-associated pneumonia.

However, these significant associations were nul-
lified in multivariate analysis (ICU LOS: OR
0.9885, p=0.874; duration of MV: OR 1.0308,
»=0.726).

Regarding, primary BSI, wunivariate analysis
revealed that ICU LOS (OR: 1.0349, 95% CI:
1.0091-1.061, p=0.008), duration of MV (OR:
1.0470; 95% CI: 1.0164-1.079, p=0.002), and
prone positioning (OR: 2.5181;95% CI: 1.1178-
5.672, p=0.026) were significantly associated

with the occurrence of primary BSI. However,
these significant associations were nullified in
multivariate analysis (ICU LOS: OR 0.9556,
p»=0.426; MV duration: OR 1.1009, p=0.149;
prone position: OR 2.3230, p=0.052).

The most common circulatory pathogens were
K. pneumoniae, Acinetobacter baumannii, and
Enterococcus faecalis (Table 3). Bacterial patho-
gens responsible for BSI were classified as sensi-
tive, MDR, or extensively drug-resistant based
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Table 3. Causative pathogens for BSI.

Bacterial BSI pathogens Frequency in

patients’ samples

Cutibacterium acnes 1
Enterobacter cloacae 1
Enterobacter hormaechei 1
Escherichia coli 1
Klebsiella oxytoca 1
Proteus mirabilis 1
Pseudomonas aeruginosa 1
Staphylococcus aureus 1
Staphylococcus capitis 1

Staphylococcus epidermidis 8
Staphylococcus haemolyticus 3

Enterococcus faecium 5

Enterococcus faecalis 10
Acinetobacter baumannii 12
Klebsiella ppeumoniae 22

BSI, bloodstream infection.

on the European Centre for Disease Prevention
and Control definition.!! Interestingly, most of
the bacterial pathogens were MDR (87%), with
only 13% present of the cases being caused by
sensitive pathogens.

Discussion

This study investigated the characteristics of BSI
characteristics in ICU patients with COVID-19
as well as the related risk factors and prevalent
pathogens. BSIs occurred in only 21.4% of our
study cohort. Furthermore, there were no signifi-
cant between-group differences in the mortality
rates. Obesity, sex, and age, but not corticoster-
oid usage, differed significantly between the
groups. The common risk factors for BSI, inde-
pendent of the infection source, were ICU LOS
and MV duration. The predominant causative
pathogens were K. pneumoniae, A. bauwmannii,

and E. faecalis, with 87% of the cases being caused
by MDR pathogens. Furthermore, all BSI cases
were hospital-acquired (100%), with 59.4% of
them being primary. The average time to the first
positive blood culture was 11.4 days.

The occurrence of BSI did not significantly influ-
ence mortality, which may be attributed to
prompt and appropriate interventions, including
early detection and appropriate management.
Prompt initiation of empirical antibiotics, fol-
lowed by adjustment according to culture results,
may help prevent adverse outcomes. Additionally,
all patients in this study had severe COVID-19,
which may have been the major determinant of
mortality. Factors related to COVID-19 infec-
tion, including acute respiratory distress syn-
drome, systemic inflammatory response, and
multi-organ failure, could have influenced the
overall mortality regardless of the presence of
BSIs. Additionally, other factors such as the pres-
ence of comorbidities, age, and other risk factors
could play a more significant role in determining
the mortality outcome than the presence of BSI.
Furthermore, immune responses may signifi-
cantly vary across individuals according to genet-
ics, underlying health conditions, and other
factors such as nutrition. Consistent with previ-
ous reports,* our findings demonstrate the signifi-
cance of BSIs as adverse complications in ICU
patients with COVID-19 since it extends the
duration of hospital stay, increases healthcare
costs, and increases the patient’s morbidity and
mortality risk.14 Previous studies have reported a
prevalence rate of BSIs among ICU patients of
29.6%,%* 29.6%, 57%,8 and 19.5%.15

Consistent with previous reports,!® we found that
the BSI group had higher BMI values than the
non-BMI group, implying a relationship between
obesity and an elevated risk of BSI. The immune
system can be compromised by obesity and
related chronic inflammatory conditions, which
increases the susceptibility to infections.!¢

Our results revealed that the risk of BSI increased
with longer ICU stay and extended MV duration,
which is consistent with previous reports.l?
However, the COVID-19 pandemic has added
another layer of complexity. Specifically, these
extended durations could be a result of severe res-
piratory complications related to COVID-19,
which further increase the risk of BSI. An extended
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ICU stay has been shown to increase the risk of
nosocomial infections due to prolonged exposure
to potential pathogens.!8

Notably, the use of corticosteroids was not a sig-
nificant risk factor, which is consistent with a pre-
vious report.1%20 This may inform further research
regarding the efficacy and safety of different treat-
ment strategies for COVID-19, including the role
of other medications such as tocilizumab or other
drugs targeting cytokines, which modulate the
immune response and may influence the risk of
bacterial infections. Tocilizumab, which is an
IL-6 receptor antagonist, reduces the severity of
cytokine storms in patients with severe COVID-
19.21 However, these immunosuppressive effects
increase the risk of bacterial infections.?! Taken
together, the widespread use of immunomodula-
tory drugs, MV, and intravascular catheters for
treating patients with COVID-19 produces a con-
ducive environment for the occurrence of BSI.?2

Our findings highlight the multifactorial etiology
of BSIs among ICU patients with COVID-19,
which is consistent with previous reports demon-
strating the complex interplay between several
factors in the development of secondary bacterial
infections in ICU settings.?2 Additionally, the
most frequently isolated pathogens were similar
to those in previous reports,?*> which may inform
potential targets for diagnostic and therapeutic
interventions. Contrastingly, a high rate of co-
infection with S. aureus has been reported in
patients with flu.24

Consistent with previous reports,!” we observed a
high prevalence of MDR pathogens (87%).
Previous studies have cautioned against the over-
use of antibiotics given the risk of multi-drug
resistance,?> which is consistent with our findings.
However, the heightened antibiotic use during
the COVID-19 pandemic for severe respiratory
complications and co-infections may potentially
worsen the MDR crisis.2°

These findings emphasize the need for effective
infection control measures, antimicrobial stew-
ardship, and early detection and management of
BSIs in critically ill patients with COVID-19.
Moreover, our findings regarding multi-drug
resistance demonstrate the need for more strin-
gent antibiotic stewardship in the ICU, especially
during pandemics involving surges in antibiotic

use. The variations observed in the risk factors for
COVID-19 indicate the need for a more person-
alized approach to ICU care involving custom-
ized medication regimens and monitoring
protocols. Additionally, our findings regarding
the risk factors for BSI may inform clinical deci-
sion-making and management of these patients in
ICU settings. Specifically, they demonstrate the
need to optimize patient flow and reduce LOS,
and thus the need for robust infection control
strategies in ICUs.

Our study has several limitations, including its
retrospective and single-center design, which
introduces inherent biases and limitations associ-
ated with the use of existing medical records.
Nonetheless, the large sample size and meticu-
lous data collection strengthen the reliability of
our conclusions.

Conclusion

Our investigation of critically ill COVID-19
patients in the ICU revealed a significant asso-
ciation between BSI and prolonged ICU stays
and MYV durations without impacting mortality.
These findings underscore the need for height-
ened vigilance in monitoring BSI symptoms, an
emphasis on antimicrobial stewardship given
the rise of MDR pathogens, and a call for per-
sonalized care plans based on identified risk
factors. Addressing these aspects can poten-
tially enhance patient outcomes, reduce health-
care costs, and optimize ICU resource allocation
amidst the ongoing pandemic challenges.
Further prospective studies are warranted to
validate our findings and elucidate the underly-
ing mechanisms.
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