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Background: Bacterial superinfection is not uncommon in critically ill patients
with coronavirus disease (COVID-19) pneumonia requiring intensive care unit
(ICU) treatment. However, there is still a lack of evidence related to bacterial
superinfection and their clinical significance in critically ill patients with COVID-19.
Therefore, we assessed the incidence of bacterial superinfections and their effects
on clinical outcomes in critically ill patients with COVID-19.

Materials and methods: This single-center retrospective cohort study analyzed
critically ill patients with COVID-19 admitted to the ICU at a tertiary academic
hospital between February 2020 and December 2021. We reviewed data including
patient demographics, clinical and microbiological characteristics, and outcomes.

Results: During the study period, 106 patients (median [IQR] age, 67 [58-75] years)
were included, of which 32 (30%) were diagnosed with bacterial superinfections.
Of these, 12 cases (38%) were associated with multidrug-resistant pathogens.
Klebsiella aerogenes (6 cases [19%]) and Klebsiella pneumoniae (6 cases [19%])
were the most common pathogens associated with superinfections. The median
time to bacterial superinfection was 13 (IQR, 9-20) days after ICU admission.
Patients with bacterial superinfections had significantly fewer ventilator-free
days on day 28 (0 [IQR, 0-0] days) than those without bacterial superinfections
(19 [IQR, 0-22] days) (p<0.001). Patients with bacterial superinfections had
a longer ICU length of stay (32 [IQR, 9-53] days) than those without bacterial
superinfections (11 [IQR, 7-18] days) (p <0.001). Additionally, they had a longer
hospital length of stay after ICU admission (39 [IQR, 18-62] days) than those
without bacterial superinfections (18 [IQR, 12—-37] days) (p =0.001). There were no
differences in ICU mortality or in-hospital mortality between the two groups. In
the multivariable analysis, higher SAPS Il score (OR, 2.697; 95% Cl, 1.086-6.695)
and thrombocytopenia (OR, 3.318; 95% Cl, 1.355-8.123) were identified as risk
factors for development of bacterial superinfection.

Conclusion: In critically ill patients with COVID-19, bacterial superinfections
were common, and more than one-third of the bacterial superinfection cases
were caused by multidrug-resistant pathogens. As patients with bacterial
superinfections had worse clinical outcomes, the development of bacterial
superinfections should be actively monitored.

incidence, intensive care units, outcome, SARS-CoV-2, superinfection, COVID-19,
thrombocytopenia
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1. Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) infection pandemic has lasted for more than 2 years since
2020. Over 500 million confirmed cases have been reported
worldwide, and over six million deaths have been recorded (1).
Because the SARS-CoV-2 infection often leads to the development
of acute respiratory distress syndrome (ARDS), critically ill
patients with severe coronavirus disease (COVID-19) pneumonia
often require prolonged mechanical ventilation (2-4). One recent
randomized controlled trial showed that early administration of
dexamethasone in ARDS reduced the duration of mechanical
ventilation and overall mortality (5). Moreover, the use of
dexamethasone in COVID-19 ARDS has become commonplace,
as it was found to lower mortality risk in patients requiring oxygen
therapy and mechanical ventilation (6). Unfortunately, however,
a study conducted by Bernard et al. (7) showed that the use of
high-dose glucocorticoids was associated with an increased risk
of secondary bacterial infections in patients with ARDS. In
addition, the SARS-CoV-2 has been reported to cause immune
dysregulation through increase of neutrophil-lymphocyte-ratio,
and T lymphopenia (8). Thus, with the increased use of
glucocorticoids compounded with a dysregulated host immune
response caused by the SARS-CoV-2, secondary infections in
critically ill patients with COVID-19 have become a
major concern.

Studies of previous viral pandemics have showed that
additional bacterial infections were associated with increased
mortality, higher rates of respiratory distress, and more frequent
ICU admissions (9, 10). As such, a better understanding of
bacterial superinfections in COVID-19 is needed to improve
patient outcomes. However, current literature on bacterial
superinfections in COVID-19 is scarce, and most studies have
focused on patients with mild-to-moderate illness severity rather
than critically ill patients admitted to the ICU (11-15). Although
the current guidelines recommend empirical therapy with
antimicrobials in patients with severe COVID-19 pneumonia,
there is a lack of evidence related to bacterial superinfection
including multidrug-resistant (MDR) pathogen infections, and
their clinical significance (16, 17).

In this study, we hypothesized that critically ill patients with
COVID-19 who develop bacterial superinfection are at increased
risk for worse clinical outcomes. Here, we assessed the incidence of
bacterial superinfection, including new episodes of pneumonia,
urinary tract infection (UTI), bacteremia, or other infections, and
those of multidrug-resistant pathogens and determined their effects
on clinical outcomes in critically ill patients with severe COVID-19
pneumonia who require ICU admission.

2. Materials and methods
2.1. Study design and patients
This single-center, retrospective cohort study analyzed critically

ill patients with severe COVID-19 pneumonia who were admitted
to a 12-bed disaster ICU at Seoul National University Hospital, a
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tertiary academic hospital in South Korea that served as a nationally
designated hospital for patients with severe and critical COVID-19,
between February 2020 and December 2021.

Adult patients (aged >18years) who were diagnosed with
COVID-19 through reverse transcription-polymerase chain
reaction assay and were admitted to the disaster ICU due to severe
COVID-19 pneumonia were included and followed up until the
time of hospital discharge or death. According to the World Health
Organization guidelines for COVID-19, severe COVID-19
pneumonia was defined as the presence of at least one of the
following: oxygen saturation <90% in room air or signs of severe
respiratory distress (accessory muscle use, inability to complete full
sentences, or respiratory rate>30 breaths per minute) (13).
We excluded patients who had confirmed bacterial infections
within 6 months prior to ICU admission or within 48 h after ICU
admission, completed a Physician Orders for Life-Sustaining
Treatment (POLST, including do-not-intubate orders) form, stayed
in the ICU for less than 48 h, or were transferred from an overseas
hospital. The Institutional Review Board (IRB) of Seoul National
University Hospital waived the requirement for written informed
consent and approved this number:
IRB-H-2106-213-1,231).

study (approval

2.2. Data collection

We reviewed the following data of all the patients in our
database: demographic characteristics, comorbidities, Charlson
comorbidity index, Acute Physiology and Chronic Health Evaluation
II (APACHE II) score, Sequential Organ Failure Assessment (SOFA)
score, Simplified Acute Physiology Score II (SAPS II) score, site of
sample collection and method (sputum culture, endotracheal
aspirates, bronchoscopic washing, bronchoalveolar lavage, urine
culture, blood culture, or other cultures), bacterial species, antibiotic
susceptibility, and clinical outcomes. During the study period, all
patients included in this study underwent systematic screening for
colonization by MDR bacteria (nasal methicillin-resistant
Staphylococcus aureus, sputum carbapenem-resistant Acinetobacter
baumannii, rectal vancomycin-resistant Enterococci, and rectal
carbapenem-resistant Enterobacteriaceae) on ICU admission. These
data were also reviewed. Based on the definition used in previous
studies, an immunocompromised condition was defined as a
diagnosis of primary immunodeficiency disorder, a diagnosis of
human immunodeficiency virus (HIV) infection or acquired
immune deficiency syndrome (AIDS), solid organ/hematopoietic
stem cell transplant recipients, and receipt of any chemotherapy or
immunosuppressants, including corticosteroids (prednisolone
>20mg/day, or an equivalent dose of other corticosteroids, for
2weeks or longer) in the 6 months prior to COVID-19 diagnosis
(18-20). Although the definition of ARDS under high-flow nasal
oxygen (HFNO) is unclear and there is a difference in the PaO,:FiO,
ratio compared to when the mechanical ventilator is applied (21),
we used an expanded definition of ARDS as follows (22): PaO,:FiO,
ratio <300 mmHg, patients treated with HFNO of at least 30 L/min
or with a positive end-expiratory pressure>5cm of water, and
bilateral infiltrates documented by chest radiography or a computed
tomography scan.
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2.3. Bacterial superinfection and
multidrug-resistant pathogens

A blood culture was obtained within 24 h of ICU admission, and
thereafter, microbiologic samples were obtained according to the
discretion of the attending intensivists. Bacterial superinfection was
defined as clinical deterioration and the presence of bacteria identified
in the lower respiratory tract (sputum, endotracheal aspirates,
bronchoscopic washing, or bronchoalveolar lavage) urine culture,
blood culture, or other culture samples (e.g., pleural effusion, ascitic
fluid) after 48 h of ICU admission. MDR pathogens were defined as
bacteria that are resistant to three or more types (one or more of each
type) of antibiotics with different structures (different mechanisms of
action) (23, 24).

2.4. Statistical analysis

Continuous variables were reported as medians and interquartile
ranges (IQR), and categorical variables were expressed as counts and
percentages. Between-group differences in baseline characteristics
were assessed using the chi-square test or Fisher’s exact test for
qualitative variables and Student ¢-test or Mann-Whitney U test for
quantitative variables. Univariable and multivariable logistic
regression analyses were used to identify the risk factors for bacterial
superinfection in patients with severe COVID-19 pneumonia.
Independent variables were selected based on biological plausibility
and associations in the scientific literature (15, 25, 26). All the variables
with a p-value of <0.20 in the univariable analysis were included in the
multivariable stepwise backward logistic regression model to avoid
model overfitting (27). In addition, we generated a receiver-operating
characteristic (ROC) curve and estimated the area under the curve
(AUROC) to determine the predictive value and optimal cut-off
values of variables with a value of p of less than 0.05 in the
multivariable logistic regression analysis of risk factors for the
development of bacterial superinfection. The optimal cut-off values
were determined based on Youden’s index, which maximizes the sum
of the sensitivity and specificity. The results were presented as odds

10.3389/fmed.2023.1079721

ratios (OR) with 95% confidence intervals (CI). All the analyses were
two-tailed, and p-values less than 0.05 were considered significant.
IBM SPSS Statistics (version 25.0 for Windows; IBM, Armonk, NY,
United States) was used for all the statistical analyses.

3. Results
3.1. Patient characteristics

Of the 120 patients assessed for eligibility, 14 patients were
excluded for the following reasons: (1) five patients had confirmed
bacterial infections within 6 months prior to ICU admission or within
48h after ICU admission, (2) six patients completed a POLST
(including do-not-intubate orders) form, (3) one patient stayed in the
ICU for less than 48 h, and (4) two patients were transferred from an
overseas ICU. A total of 106 patients were included in this study, of
which 32 (30%) were diagnosed with bacterial superinfections
(bacterial superinfection group), and 74 (70%) were without bacterial
superinfections (COVID-only group) (Figure 1).

Table 1 shows the demographic and clinical characteristics at the
baseline. The median age was 67 (IQR, 58-75) years, 65% of the
patients were men, the median body mass index was 24.2 (IQR, 22.6-
25.8) kg/m?, 52% had hypertension, and 34% had diabetes mellitus.
The demographic and clinical characteristics of the patients at baseline
were comparable between the two groups, except for the platelet
count, SOFA score, and SAPS II score. The bacterial superinfection
group had significantly lower platelet counts (p =0.005) and higher
SOFA (p =0.008) and SAPS II scores (p =0.011) than those of the
COVID-only group.

3.2. Interventions and clinical outcomes

Table 2 summarizes the interventions required during ICU stay
and the clinical outcomes according to the presence of bacterial
superinfection. ARDS was identified in 89 of 106 (84%) critically ill
patients with severe COVID-19 pneumonia: 91% (29 of 32 patients)

120 Patients diagnosed as COVID-19
infection who admitted ICU

14 Excluded
5 confirmed previous bacterial infection
6 completed POLST (including do-not-intubate orders) form
1 stayed in the ICU for less than 48 hours
2 transferred from an overseas ICU

‘ 106 Patients enrolled and analyzed ‘

| |

32 74
Bacterial COVID-only
superinfection

FIGURE 1

Flow diagram of the study population. POLST, portable orders for life-sustaining treatment; ICU, intensive care unit; COVID-19, coronavirus disease.
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TABLE 1 Baseline and clinical characteristics of critically ill patients with COVID-19.

Total Bacterial superinfection COVID-only
Variables (n=106) (n =32) (n =74)
Age, years 67 (58-75) 67 (61-72) 68 (58-76) 0.508
Male, n (%) 69 (65) 24 (75) 45 (61) 0.159
BMI, kg/m? 24.2 (22.6-25.8) 24.3 (22.7-27.1) 24.2 (22.6-25.5) 0.529
Comorbidities, n (%)
Hypertension 55 (52) 14 (44) 41(55) 0.270
Diabetes mellitus 36 (34) 11 (34) 25 (34) 0.953
Heart failure 1(1) 0(0) 1(1) >0.999
Chronic liver disease 1(1) 0(0) 1(1) >0.999
Chronic kidney disease 11 (10) 4(13) 7 (10) 0.637
Chronic obstructive pulmonary 5(5) 3(9) 2(3) 0.160
disease
Immunocompromised 7(7) 2(6) 5(7) >0.999
Charlson comorbidity index 3(2-4) 3(2-4) 3(2-4) 0.735
Upon ICU admission
APACHE II score 13 (10-21) 17 (11-22) 12 (9-20) 0.099
SOFA score 5 (3-10) 9 (5-12) 4(3-8) 0.008
SAPS II score 33 (23-46) 40 (28-57) 31 (21-41) 0.011
Screening test, 1 (%)
Nasal MRSA 3(3) 2(6) 1(1) 0.203
Sputum CRAB 0(0) 0(0) 0(0)
Rectal VRE 4(4) 13) 3(4) >0.999
Rectal CRE 2(2) 0(0) 2(3) >0.999
Laboratory data
WBC, 10°/uL 7.9 (5.4-10.7) 8.3 (6.5-12.7) 7.4 (5.3-10.3) 0.366
Leukocytes count, 10°/uL 6.9 (4.5-9.2) 7.4 (5.9-11.0) 6.4 (4.4-8.8) 0.396
Lymphocytes count, 10°/pL 0.7 (0.5-0.9) 0.6 (0.3-0.9) 0.6 (0.4-0.8) 0.981
Platelets count, 10°/pL 195 (134-255) 135 (98-193) 220 (149-276) 0.005
Fibrinogen, mg/dL 436 (354-502) 432 (323-489) 447 (364-518) 0.069
Lactic acid, mmol/L 1.4 (1.1-1.9) 1.4 (1.2-1.9) 1.4 (1.0-2.0) 0.547
CRP, mg/dL 7.9 (4.2-17.3) 9.4 (3.7-18.3) 7.4 (4.2-15.8) 0.575
Procalcitonin, ng/mL 0.2 (0.1-0.5) 0.2 (0.1-0.7) 0.2 (0.1-0.5) 0.918
LDH, IU/L 478 (346-593) 494 (349-608) 472 (341-569) 0.890

Values are presented as number (%), median (interquartile range). LOS, length of stay; ICU, intensive care unit; APACHE II, Acute Physiology and Chronic Health Evaluation IT; SOFA,
Sequential Organ Failure Assessment; SAPS II, Simplified Acute Physiology Score IT; MRSA, methicillin-resistant Staphylococcus aureus; CRAB, carbapenem-resistant Acinetobacter
baumannii; VRE, vancomycin-resistant Enterococci; CRE, carbapenem-resistant Enterobacteriaceae; CRP, C-reactive protein; LDH, lactate dehydrogenase.

in the bacterial superinfection group and 81% (60 of 74 patients) in
the COVID-only group (p =0.219). There were no significant
differences in the interventions required during ICU stay between the
two groups, such as HFNO, mechanical ventilator, extracorporeal
membrane oxygenator, renal replacement therapy, prone positioning,
nitric oxide use, and vasopressor use.

The median time to bacterial superinfection was 13 (IQR, 9-20)
days after ICU admission. Among the patients who received
mechanical ventilator treatment during ICU stay (27 [84%] patients
in the bacterial superinfection group and 51 [69%] patients in the
COVID-only group), ventilator-free days at 28 days were significantly
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lower in the bacterial superinfection group than those in the COVID-
only group: 0 (IQR, 0-0) days versus 19 (IQR, 0-22) days (p<0.001)
(Table 2). Moreover, the ICU length of stay was significantly longer in
the bacterial superinfection group than that in the COVID-only
group: 32 (IQR, 9-53) days versus 11 (IQR, 7-18) days (p <0.001).
Additionally, the length of hospital stay after ICU admission was
significantly longer in the bacterial superinfection group than that in
the COVID-only group: 39 (IQR, 18-62) days versus 18 (IQR, 12-37)
days (p =0.001). ICU mortality, in-hospital mortality, and 28-day
mortality were higher in the bacterial superinfection group, but these
differences were not statistically significant.
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TABLE 2 Interventions and clinical outcomes in critically ill patients with COVID-19.

Total Bacterial COVID-only p-value
superinfection

Variables (n=106) (n =32) (n =74)
Acute respiratory distress syndrome, 7 (%)* 89 (84) 29 (91) 60 (81) 0.219
Life support treatment during ICU stay, n (%)
High-flow nasal oxygen 101 (95) 30 (94) 71 (96) 0.637
Mechanical ventilation 78 (74) 27 (84) 51 (69) 0.098
Extracorporeal membrane oxygenator 8(8) 4(13) 4(5) 0.239
Renal replacement therapy 12 (11) 6(19) 6(8) 0.178
Prone positioning 74 (70) 24 (75) 50 (68) 0.444
Inhaled nitric oxide 16 (15) 8(25) 8(11) 0.078
Vasopressor 80 (76) 28 (88) 52 (70) 0.058
Clinical outcomes
Hospital length of stay after ICU admission, days (IQR) 22 (13-45) 39 (18-62) 18 (12-37) 0.001
ICU length of stay, days (IQR) 12 (7-32) 32 (9-53) 11 (7-18) <0.001
Ventilator-free days at day 28, days (IQR)** 15 (0-21) 0(0-0) 19 (0-22) <0.001
ICU mortality, n (%) 20 (19) 7(22) 13 (18) 0.603
In-hospital mortality, n (%) 22(21) 8(25) 14 (19) 0.478
28-day mortality, n (%) 9(9) 4(13) 5(7) 0.446

*Acute respiratory distress syndrome definition: (1) PaO,:FiO, ratio <300 mmHg, (2) patients treated with HFNO of at least 301/min or with a positive end-expiratory pressure > 5cm of water,
and (3) bilateral infiltrates documented by chest radiography or computed tomography scan. **Calculated for patients receiving mechanical ventilator treatment (27 for bacterial superinfection

group and 51 for COVID-only group). ICU, intensive care unit, IQR, interquartile range.

3.3. Microbiological results and risk factors
of bacterial superinfection

Of the 32 bacterial superinfections, 12 (38%) were caused by
MDR pathogens. Gram-positive and Gram-negative bacteria were
responsible for 12 and 20 cases, respectively, of superinfection, of
which 7 (58%) and 5 (25%), respectively, were caused by MDR
pathogens. Table 3 shows the types of bacteria that caused bacterial
superinfections and the MDR status according to the source of
infection. Of the 23 cases of lower respiratory tract infections, 5 (22%)
were caused by MDR pathogens. Of the 7 cases of bloodstream
infections, 5 (71%) were caused by MDR pathogens. Catheter-
associated urinary tract infections were caused only by MDR
pathogens. The most common pathogens associated with bacterial
superinfections were Klebsiella aerogenes (6 cases [19%]) and Klebsiella
pneumoniae (6 cases [19%]) (Figure 2).

In the univariable analysis, a high SOFA score (OR, 1.132; 95% CI,
1.022-1.254; p =0.018), or SAPS II score (OR, 1.031; 95% CI, 1.006—-
1.056; p =0.016), and a low platelet count (OR, 0.992; 95% CI, 0.987-
0.998; p =0.006) were identified as risk factors for the development of
bacterial superinfection (Table 4). In the multivariable analysis model
1, platelet count, APACHE II, and SAPS II scores were treated as
continuous variables. The SAPS II score (OR, 1.065; 95% CI, 1.013-
1.121; p =0.014) and platelet count (OR, 0.993; 95% CI, 0.987-0.998;
p =0.011) were identified as risk factors for the development of
bacterial superinfection (Table 4). We generated an ROC curve and
estimated the AUROC to determine the predictive value and optimal
cut-off value of SAPS II and platelet count for the development of
bacterial superinfection. Using a cut-off value of 42, the SAPS II score
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predicted bacterial superinfection with a sensitivity of 50.0% and
specificity of 75.7% with an AUROC of 0.647 (95% CI, 0.536-0.759;
P <0.001). Using a cut-off value of 172,000/pL, platelet count predicted
bacterial superinfection with a sensitivity of 71.9% and specificity of
68.9% with an AUROC of 0.696 (95% CI, 0.577-0.816; p<0.001). In
the multivariable analysis model 2, platelet count, APACHE II, and
SAPS 1I scores were treated as categorical variables. Based on the
results of the ROC curve analysis and biological plausibility, a SAPS II
score of 42, an APACHE II score of 11, and a platelet count of 150,000/
pL were set as the cut-off values in the present study. The SAPS II score
(OR, 2.697; 95% CI, 1.086-6.695; p =0.032) and platelet count (OR,
3.318; 95% CI, 1.355-8.123; p =0.012) were identified as risk factors
for the development of bacterial superinfection.

3.4. Thrombocytopenia and clinical
outcomes

Further sensitivity analysis was performed by dividing the patients
into two groups according to their risk factors for the development of
bacterial superinfection: a high-risk group with a SAPS II score > 42
or thrombocytopenia (platelet count <150,000/pL), and a low-risk
group with a SAPS II score<42 and without thrombocytopenia
(Table 5). The incidence of bacterial superinfection was significantly
higher in the high-risk group than in the low-risk group: 49.1% (26 of
53 patients) versus 11.3% (6 of 53 patients), respectively (p <0.001).
Of the 32 cases of bacterial superinfection, 12 (38%) were caused by
MDR pathogens and were observed only in the high-risk group.
Among the patients who received mechanical ventilator treatment
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TABLE 3 Source of superinfection and microbiology in critically ill patients with COVID-19.

Bacteria Lower respiratory tract = Bloodstream infection Catheter-associated Total
infection urinary tract infection
Non-MDR MDR Non-MDR MDR Non-MDR MDR

G(+) Staphylococcus aureus 1 2 1 0 0 0 4
Staphylococcus 0 0 0 3 0 0 3
epidermidis
Streptococcus pneumoniae 2 0 0 0 0 0 2
Staphylococcus 0 0 0 2 0 0 2

haemolyticus

Corynebacterium species 0 0 1 0 0 0 1
G(-) Klebsiella aerogenes 5 1 0 0 0 0 6
Klebsiella pneumoniae 5 0 0 0 0 1 6
Stenotrophomonas 3 0 0 0 0 0 3
maltophilia
Escherichia coli 0 1 0 0 0 1 2
Pseudomonas aeruginosa 2 0 0 0 0 0 2
Acinetobacter baumannii 0 1 0 0 0 0 1
18 5 2 5 0 2 32

MDR, multidrug-resistant; G(+), gram positive; G(—), gram negative.

6
5
4
® CAUTI (MDR)
3 = CAUTI (non-MDR)
= BSI (MDR)
2 " BSI (non-MDR)
® LRTI (MDR)
I I I ® LRTI (non-MDR)
| L i
. R . R
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FIGURE 2
Causative microorganism of bacterial superinfection according to site of infection and MDR status. MDR, multidrug-resistant; CAUTI, catheter-
associated urinary tract infection; BSI, bloodstream infection; LRTI, lower respiratory tract infection.

during their ICU stay (45 [85%)] patients in the high-risk group and  days versus 10 (IQR, 5-14) days (p <0.001). Additionally, the length
33 [62%)] patients in the low-risk group), the number of ventilator-free  of hospital stay after ICU admission was significantly longer in the
days at day 28 were significantly lower in the high-risk group thanin  high-risk group than in the low-risk group: 33 (IQR, 15-64) days
the low-risk group: 0 (IQR, 0-18) days versus 21 (IQR, 18-23) days  versus 16 (IQR, 11-28) days (p <0.001). The ICU mortality, in-hospital
(p <0.001). Moreover, the length of ICU stay was significantly longer =~ mortality, and 28-day mortality rates were significantly higher in the
in the high-risk group than in the low-risk group: 24 (IQR, 10-46)  high-risk group than in the low-risk group (Table 5).

Frontiers in Medicine 06 frontiersin.org


https://doi.org/10.3389/fmed.2023.1079721
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yoon et al.

10.3389/fmed.2023.1079721

TABLE 4 Risk factors for the development of bacterial superinfection in critically ill patients with COVID-19.

Univariable

OR (95% CI)

p-value

Model 1*
OR (95% ClI)

Model 2%*

p-value OR (95% ClI) p-value

Age 1.011 (0.979-1.044) 0.504

Male sex 1.933 (0.766-4.882) 0.163

Charlson comorbidity index 1.041 (0.827-1.310) 0.907

Immunocompromised 0.920 (0.169-5.010) 0.923

APACHE II score 1.046 (0.991-1.103) 0.103 0.912 (0.817-1.018) 0.100

SOFA score 1.132 (1.022-1.254) 0.018

SAPS II score 1.031 (1.006-1.056) 0.016 1.065 (1.013-1.121) 0.014 2.697 (1.086-6.695) 0.032
Neutrophil count 1.000 (1.000-1.000) 0.395

Lymphocyte count 1.000 (0.999-1.001) 0.981

Platelet count 0.992 (0.987-0.998) 0.006 0.993 (0.987-0.998) 0.011 3.318 (1.355-8.123) 0.012
Fibrinogen 0.996 (0.992-1.000) 0.073

*In model 1, platelet count, APACHE II, and SAPS II scores were treated as continuous variables. All the variables with a p-value of <0.20 in the univariable analysis were included in the
multivariable stepwise backward logistic regression model. **In model 2, APACHE II score (APACHE II >11), SAPS II score (SAPS II >42), and platelet count (platelet count <150,000/mm®)
were treated as categorical variables. All the variables with a p-value of <0.20 in the univariable analysis were included in the multivariable stepwise backward logistic regression model. OR,

odds ratio; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; SAPS II, Simplified Acute Physiology Score II.

TABLE 5 Bacterial superinfection and clinical outcomes in critically ill patients with COVID-19 according to their SAPS Il score and platelet count.

High-risk* Low-risk*
(n =53) (n =53)

Bacterial superinfection, n (%) 26 (49) 6(11) <0.001
MDR pathogen superinfection, 1 (%) 12 (23) 0(0) <0.001
Treatment outcomes

Hospital length of stay after ICU admission, days 33 (15-64) 16 (11-28) <0.001
(IQR)

ICU length of stay, days (IQR) 24 (10-46) 10 (5-14) <0.001
Ventilator-free days at day 28, days (IQR)** 0(0-18) 21 (18-23) <0.001
ICU mortality, n (%) 16 (30) 4(8) 0.003
In-hospital mortality, n (%) 18 (34) 4(8) 0.001
28-day mortality, n (%) 8 (15) 1(2) 0.015

*The high-risk group was defined as patients with SAPS IT >42 or thrombocytopenia (platelets <150,000/uL), and the low-risk group was defined as patients without both conditions.
*#*Calculated for patients receiving mechanical ventilator treatment (45 for high-risk group and 33 for low-risk group). COVID-19, coronavirus disease; SAPS II, Simplified Acute Physiology

Score IT; MDR, multidrug—resistant; ICU, intensive care unit; IQR, interquartile range.

4. Discussion

In this retrospective cohort study of critically ill patients with
severe COVID-19 pneumonia, there were 32 cases of infections with
bacterial pathogens, newly confirmed after ICU admission. More than
one-third of the cases were associated with MDR pathogens, with
Klebsiella aerogenes and Klebsiella pneumoniae being the most
common pathogens. Patients with bacterial superinfections had worse
clinical outcomes, including fewer ventilator-free days, longer ICU
stay, and longer hospital stay after ICU admission. However, there
were no statically significant differences in ICU and in-hospital
mortality between patients with and without bacterial superinfections.
A higher SAPS II score and thrombocytopenia were independent risk
factors for the development of bacterial superinfection. Moreover,
patients with such risk factors had a significantly higher incidence of
bacterial superinfection and worse clinical outcomes than those
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without risk factors. Notably, bacterial superinfection caused by MDR
pathogens occurred only in patients with risk factors.

Our results are consistent with those of previous studies that
reported the bacterial superinfection rate as 9-59% (11, 12, 15, 25, 26,
28, 29). Of these, three studies were conducted on ICU patients, and it
is judged that the incidence rate has varied due to differences in the
definition of superinfection. A study conducted in Iran used only
sputum and tracheal aspirates without bronchoscopic examination
when acquiring respiratory specimens, and reported a superinfection
incidence rate of 12% (29). In the study conducted in Spain, the
incidence rate of superinfection was reported as 41% including fungal
superinfection (25). Finally, a study conducted in the United States
reported a ventilator-associated pneumonia incidence rate of 44%
using multiplex PCR in addition to quantitative culture with
bronchoalveolar lavage specimens (28). In particular, Bardi et al. (25)
reported that the median time to superinfection was 9 (IQR, 5-11)
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days and Pickens et al. (28) reported that the average time to ventilator-
associated pneumonia was 10.8 days, which are similar to our results.
Therefore, the development of bacterial superinfections should
be carefully monitored in critically ill patients with severe COVID-19
pneumonia who require hospitalization for more than 1 week.

In the present study, patients with bacterial superinfections had
significantly fewer ventilator-free days than those without bacterial
superinfections. Moreover, as the liberation from mechanical
ventilation was delayed, the ICU length of stay was significantly greater
in patients with bacterial superinfections than in those without
bacterial superinfections. Additionally, the aforementioned study by
Bardi et al. (25) reported that bacterial superinfections in the ICU were
associated with an increase in ICU length of stay and mortality.
Although our results were not statistically significant, ICU mortality
was numerically higher in the patients with bacterial superinfections
than that in those without bacterial superinfections. Our study may
have been underpowered to detect a clinically important difference in
mortality. To date, studies analyzing the risk of bacterial superinfections
in critically ill patients with severe COVID-19 pneumonia admitted to
the ICU are rare. Previous studies have reported that low lymphocyte
count at baseline, diabetes, APACHE II score, use of interleukin-6
receptor antagonists, use of corticosteroids, and ICU length of stay
were risk factors for the development of bacterial superinfections (15,
25, 26). In the univariable analysis of our study, SOFA score, SAPS II
score, and platelet count were found to be risk factors for the
development of bacterial superinfection. In the multivariable analysis,
the SAPS IT score and platelet count were identified as independent risk
factors, regardless of whether these variables were treated as categorical
or continuous variables in the analysis. Moreover, patients with such
risk factors had a significantly higher incidence of bacterial
superinfection and worse clinical outcomes than those without risk
factors. The results of this study suggest that thrombocytopenia and
high SAPS II score are associated with an increased risk of bacterial
superinfection and worse clinical outcomes.

There are several possible mechanisms whereby thrombocytopenia
may occur in patients with COVID-19. First, SARS-CoV-2 can directly
infect bone marrow, which may reduce platelet production (30, 31).
Second, megakaryocytes dynamically release platelets during
pulmonary circulation (32), and in patients with lung consolidation
due to COVID-19 pneumonia, the damaged pulmonary capillary bed
causes megakaryocyte rupture and prevents platelet release. Third,
damaged lung tissue and pulmonary endothelial cells activate platelets
in lung tissue and increase platelet consumption by creating
microthrombi (30). In addition, thrombocytopenia can occur in
patients with COVID-19 for various other reasons such as decreased
thrombopoietin (TPO) production as a result of parenchymal liver
injury, immune thrombocytopenic purpura (ITP), heparin-induced
thrombocytopenia (HIT), hemophagocytic syndrome, and drug-
induced myelosuppression (30, 33, 34). In this study, 89 patients (84%)
developed ARDS, and some of these patients may have developed
thrombocytopenia as a result of decreased platelet release from the
pulmonary circulation and increased platelet consumption due
to microthrombi.

Recent studies have reported that thrombocytopenia is related to
COVID-19 patients’ worse laboratory and clinical outcomes (35-38).
To our knowledge, this is the first report of an association between
thrombocytopenia and secondary bacterial infection in patients with
COVID-19. Thrombocytopenia caused by COVID-19 has been
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confirmed to increase inflammatory markers, and the incidence of
disseminated intravascular coagulation (DIC), ARDS, ICU admission,
and mortality (36, 38). Thrombocytopenia can reportedly be used as a
prognostic indicator of severity and mortality of COVID-19 (35, 37).
There are several plausible explanations of the mechanism whereby
thrombocytopenia leads to poor clinical outcomes. The first is
immunothrombosis. According to previous studies, the platelets of
patients with COVID-19 tend to aggregate with T cells, monocytes,
and neutrophils, causing immunothrombosis (39-41). In patients with
COVID-19, this immune-mediated thrombosis can occur in multiple
organs, including the lungs, and is closely related to disease severity
and mortality (42). Second, thrombocytopenia increases the
permeability of the systemic and pulmonary vessels, which can
contribute to the progression of sepsis and ARDS (43, 44). The last
explanation is that platelets act as a defense mechanism in the immune
response and serve as effector cells. This last explanation may be the
mechanism whereby thrombocytopenia acted as a risk factor for
bacterial superinfection in our study. Traditionally, platelets have been
thought to act only on hemostasis; however, several recent studies have
revealed the inflammatory and immune capabilities of platelets.
Platelets contain several pro-inflammatory and anti-inflammatory
molecules and interact with various types of immune cells by secreting
them (45-47). For example, platelets can recruit leukocytes by
recognizing intravascular pathogens using functional pattern
recognition receptors such as toll-like receptors (TLRs) located on the
surface and secreting various chemokines (48). TLR4-dependent
platelet-neutrophil interaction is responsible for the removal of
intravascular bacteria by forming neutrophil extracellular traps (NETs)
during Gram-negative bacterial infections (49). Additionally, in the
murine model, platelet glycoprotein Ib (GPIb), also known as CD42,
recognizes vascular pathogens and presents them to macrophages and
dendritic cells (50). The mechanisms whereby platelets are responsible
for innate and adaptive immunity is a topic of ongoing research (51).
In summary, when critically ill patients with COVID-19 develop
thrombocytopenia, the risk of secondary bacterial infection increases
because the number of platelets available for defense against bacterial
infection decreases. Further studies are required to understand the
underlying pathophysiological mechanisms better.

The key findings of this study are as follows: (1) Bacterial
superinfection occurred frequently in critically ill patients with
COVID-19 pneumonia, leading to worse clinical outcomes. (2)
Infections caused by MDR pathogens occurred frequently during ICU
stay, even in patients with no evidence of colonization by MDR
bacteria on ICU admission. (3) To the best of our knowledge, this
study is the first to report that thrombocytopenia, a poor prognostic
factor in COVID-19, is also associated with secondary bacterial
infection and worse clinical outcomes. Moreover, bacterial
superinfections caused by MDR pathogens occurred only in patients
with higher SAPS II scores and thrombocytopenia.

However, our study had several limitations. First, it was performed
at a single tertiary academic hospital. Therefore, our results may not
necessarily be generalizable to other hospital settings. Second, given
the retrospective nature of this study, some inadequate or missing data
may have affected the outcomes. Finally, although fungal and
cytomegalovirus co-infections are known to occur commonly in
patients with COVID-19 pneumonia, our center did not routinely
screen for them, and serum beta-d-glucan, serum galactomannan, and
CMV antigenemia in the blood were not investigated. Therefore,
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we focused on the results regarding the presence of bacterial
superinfections and MDR pathogens.

5. Conclusion

Bacterial superinfections were common in critically ill patients
with severe COVID-19 pneumonia, and more than one-third of these
infections were caused by MDR pathogens. Moreover, patients with
bacterial superinfections had worse clinical outcomes, including fewer
ventilator-free days and longer ICU stays and hospital stays after ICU
admission than those without bacterial superinfections. Higher SAPS
II scores and thrombocytopenia were independent risk factors for the
development of bacterial superinfection. Patients with these risk
factors had a significantly higher incidence of bacterial superinfection
and worse clinical outcomes than those without these risk factors.
Because critically ill patients with severe COVID-19 pneumonia often
require prolonged mechanical ventilation, they should be actively
monitored for the development of bacterial superinfections.
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