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ABSTRACT

Purpose: COVID-19 is also referred to as a typical viral septic pulmonary infection by 2019-nCoV.
However, little is known regarding its characteristics in terms of systemic inflammation and organ injury,
especially compared with classical bacterial sepsis. This article aims to investigate the clinical charac-
teristics and prognosis between COVID-19-associated sepsis and classic bacterial-induced sepsis.
Methods: In this retrospective cohort study, septic patients with COVID-19 in the intensive care unit
(ICU) of a government-designed therapy center in Shenzhen, China between January 14, 2020 and March
10, 2020, and septic patients induced by carbapenem-resistant klebsiella pneumonia (CrKP) admitted to
the ICU of the Second People's Hospital of Shenzhen, China between January 1, 2014 and October 30,
2019 were enrolled. Demographic and clinical parameters including comorbidities, critical illness scores,
treatment, and laboratory data, as well as prognosis were compared between the two groups. Risk factors
for mortality and survival rate were analyzed using multivariable logistic regression and survival curve,
respectively.
Results: A total of 107 patients with COVID-19 and 63 patients with CrKP were enrolled. A direct com-
parison between the two groups demonstrated more serious degrees of primary lung injury following
2019-nCoV infection (indicated by lower Pa0O,/FiO,), but milder systemic inflammatory response, lower
sequential organ failure assessment score and better functions of the organs like heart, liver, kidney,
coagulation, and circulation. However, the acquired immunosuppression presented in COVID-19 patients
was more severe, which presented as lower lymphocyte counts (0.8x10°/L vs. 0.9x10°/L). Moreover, the
proportion of COVID-19 patients treated with corticosteroid therapy and extracorporeal membrane
oxygenation was larger compared with CrKP patients (78.5% vs. 38.1% and 6.5% vs. 0, respectively) who
required less invasive mechanical ventilation (31.6% vs. 54.0%). The incidence of hospitalized mortality
and length of ICU stay and total hospital stay were also lower or shorter in viral sepsis (12.1% vs. 39.7%,
6.5 days vs. 23.0 days and 21.0 days vs. 33.0 days, respectively) (all p < 0.001). Similar results were
obtained after being adjusted by age, gender, comorbidity and PaO2/FiO2. Lymphocytopenia and high
acute physiology and chronic health evaluation II scores were common risk factors for in-hospital death.
While the death cases of COVID-19 sepsis mostly occurred at the later stages of patients’ hospital stay.
Conclusion: Critical COVID-19 shares clinical characteristics with classical bacterial sepsis, but the degree
of systemic inflammatory response, secondary organ damage and mortality rate are less severe. However,
following 2019-nCoV infection, the level of immunosuppression may be increased and thus induce in
more death at the later stage of patients’ hospitalstay.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Sepsis is a severe clinical syndrome, defined as the host body's
dysregulated response to infection, which leads to life-threatening
organ dysfunction. Sepsis is classically understood to be the result
of bacterial infections, but the pathogenic microorganisms may also
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be viral, fungal, or other pathogens."> However, sepsis caused by a
virus or fungus is rarely reported, and there is a lack of clinical
comparative data regarding the clinical characteristics and prog-
nosis between sepsis caused by viral and classical bacterial
infections.?>

COVID-19 is an infectious disease caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2, 2019-nCoV).* Be-
tween December 2019 and October 28, 2021, there were more than
125,763 people infected with 2019-nCoV, with 5696 deaths in
China. Globally, 4,984,415 people died, including a large number of
health workers, which made COVID-19 one of the most serious
problems for all health staff and researchers.>® COVID-19 has also
been suggested to be a typical viral septic pulmonary infection with
2019-nCoV, which causes systemic inflammation and immune
response dysregulation, potentially leading to multi-organ
dysfunction and death.’

The pathophysiology of sepsis is the dysregulation of inflam-
mation and immune response after an infection, while classic
bacterial sepsis is primarily characterized by excessive inflamma-
tion and acquired immunosuppression. Excessive inflammation
includes the activation of a large number of innate immune cells
and the release of a variety of inflammatory mediators, causing an
inflammatory “storm” that impacts organs and may lead to multi-
ple organ dysfunction syndrome (MODS). While immunosuppres-
sion is mostly attributed to the apoptosis and depletion of
lymphocytes, including CD4+, CD8* and B lymphocytes."® A similar
process of inflammation and immune changes has been suggested
for viral sepsis, which can also lead to a delay in virus clearance,
further aggravating viral infection and even the progression of
sepsis by secondary bacterial infection.®'°

It has been reported that COVID-19 can also cause an inflam-
matory storm characterized by an increase in a variety of inflam-
matory mediators, including IL-6, and immunosuppression, which
is characterized by decreased lymphocytes. Collectively this can
develop into acute respiratory distress syndrome (ARDS) and
MODS.'"'? There are many similarities with sepsis caused by classic
pulmonary bacterial infections, but the preliminary clinical out-
comes of patients with COVID-19 suggest unique characteristics,
such as more severe lung injury and a rapid decrease in lympho-
cytes, while the systemic inflammatory response and organ dam-
age are not as serious, e.g. moderately elevated IL-6 concentration
and milder liver, kidney and other organ injuries at early stages of
COVID-19.">'* However, no comparative study has been reported to
evaluate the clinical characteristics and prognosis between COVID-
19-associated sepsis and classical bacterial sepsis; thus the under-
standing of COVID-19 remains empirical.

According to the diagnostic criteria for sepsis 3.0 (more than 2
points of sequential organ failure assessment [SOFA] scores caused
by infection), the current study enrolled patients admitted to ICU
with viral sepsis caused by 2019-nCoV pulmonary infection (critical
COVID-19) and patients with classical bacterial sepsis caused by
carbapenem-resistant klebsiella pneumonia (CrKP) pulmonary
infection in the ICU. CrKP is also a refractory and severe pulmonary
infection, and easily progresses to ARDS and sepsis, similar to the
clinical manifestations of critical COVID-19. By comparing the
clinical characteristics and prognosis of the two diseases, this study
may be able to provide insights into a better understanding of
COVID-19 and possible treatment options.

Methods
Study design, setting, and participants

This retrospective cohort study was designed by the in-
vestigators and was in accordance with the Strengthening the
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Reporting of Observational Studies in Epidemiology Guidelines. The
data of critical COVID-19-associated sepsis were collected from
patients in the ICU of a government-designed therapy center in
Shenzhen, China, between January 14, 2020 and March 10, 2020.
The data cutoff was March 25, 2020. Data for bacterial-induced
sepsis was collected from patients with CrKP infection in the ICU
of the Second People's Hospital of Shenzhen, China, between
January 1, 2014 and October 30, 2019.

Data collection and analysis were approved by the Human
Research Protection Office at our institution with waiver of
informed consent. The study analyzed de-identified data from the
hospital's healthcare informatics group, which was supervised by
the current study's investigator. The study protocol was approved
by the Second People's Hospital of Shenzhen (institutional review
board number 202003009004).

The patients enrolled met the following criteria: based on 2019-
nCoV or CrKP pulmonary infection, and SOFA score >2 points.
COVID-19 sepsis: only pulmonary 2019-nCoV infection without
other viral or bacterial infection and met the sepsis diagnostic
criteria in the ICU within the study period; CrKP sepsis: only pul-
monary CrKP infection without viral or bacterial infection in other
parts and met the sepsis diagnostic criteria in the ICU within the
study period. Exclusion criteria were <18 years of age, pregnant, or
diagnosed with other acute diseases that could affect prognosis.

Data collection and definitions

Data regarding patient’ demographics, comorbidities,
biochemical parameters, and outcomes were extracted from elec-
tronic health records. Acute physiology and chronic health evalu-
ation II (APACHE II) score was calculated within the first 24 h of
hospitalization. To ascertain the epidemiological and symptom
data, which were not available from electronic medical records,
investigators communicated directly with patients or their rela-
tives. If data were missing from the records or clarification was
needed, data were obtained via direct communication with
attending doctors. All data were confirmed by three physicians.

A confirmed case of COVID-19 was defined as a positive result
using a real-time reverse transcriptase polymerase chain reaction
(RT-PCR) assay of pharyngeal swab specimens. COVID-19 was
determined to be severe or critical as defined by the 7th Chinese
national guidelines for COVID-19."° Discharges criteria included
patients being negative two times at a 24-h interval based on re-
sults from an RT-PCR assay of a pharyngeal swab specimen. A
confirmed case of CrKP pneumonia was defined as a CrKP positive
result on microbial cultivation from alveolar lavage or sputum
culture with symptoms and signs of lung that cannot be explained
by other causes.

Main outcomes

The primary outcome was the in-hospital mortality (28-day and
60-day) and the secondary outcomes including clinical features and
interventions.

Statistical analysis

The categorical data were summarized as numbers and per-
centages, and inter-group comparisons were performed using XZ
test or Fisher's exact test. Continuous variables were expressed as
the arithmetic mean and standard deviation (SD) or as the median
and interquartile range, depending on the presence of a gaussian
distribution. Continuous data with Gaussian distribution were
compared using the Student's t-test or one-way ANOVA,; for those
with a non-Gaussian distribution, the Wilcoxon rank-sum test was
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used. Univariate analysis and multivariable logistic regression with
a forced entry method was used to identify risk factors with a crude
model and fully adjusted model: odds ratio (OR) and 95% confi-
dence interval levels (95% CI). The 28-day and 60-day survival
analysis were performed using Kaplan-Meier (K-M) analysis and
log-rank tests. Statistical analysis was performed using the STATA
(version 15.1). p values (two-tailed) below 0.05 were considered
statistically significant.

Results
Patient demographic and clinical characteristics

The detailed demographic and clinical characteristics of all
septic patients with CrKP pneumonia or COVID-19 at baseline are
summarized in Table 1. A total of 107 patients with COVID-19 and
63 patients with CrKP pneumonia were enrolled. Compared with
COVID-19-associated sepsis, bacterial sepsis (CrKP group) had more
comorbidities (73% vs. 43%, p < 0.001), including hypertension,
coronary heart disease, cerebrovascular disease, chronic obstruc-
tive pulmonary disease, and chronic renal insufficiency. There were
no significant differences in age, gender, and body temperature,
however, PaO; and PaO,/FiO, was lower in the COVID-19 group.

Clinical features and treatments

Patients with COVID-19 had milder systemic inflammatory
response, primarily manifested as lower procalcitonin and C-reac-
tive protein concentration, white blood cell count, neutrophil cell
count, monocyte count, neutrophil lymphocyte ratio and platelets
lymphocyte ratio compared with CrKP patients (all p < 0.05). There
was a significant difference in immune and organ function in pa-
tients with COVID-19, presented as lower lymphocyte count
(0.8 x 10°/L vs. 0.9 x 10°/L), total bilirubin (pmol/L, 12.5 vs. 15.9),
alanine aminotransferase (U/L, 28 vs. 47), blood urea nitrogen
(mmol/L, 5.5 vs. 12.5), creatine kinase isomer-MB (ng/mL, 1.04 vs.
2.00), N-terminal pro-B natriuretic peptide (pg/mL, 117.0 vs. 1121.0),
lactic acid (mmol/L, 2.1 vs. 2.3), international standard ratio (0.99 vs.
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concentration (g/L, 34.7 vs. 31.1) and mean artery pressure (mmHg,
94.7 vs. 88.1) (all p < 0.05, Table 2). Patients with COVID-19 had a
lower SOFA score (3.0 vs. 6.0), APACHE II score (7.0 vs. 20.0), more
corticosteroid (78.5% vs. 38.1%), and extracorporeal membrane
oxygenation (ECMO) therapy (6.5% vs. 0), however, less continuous
renal replacement therapy (CRRT) (15.4% vs. 36.5%) and invasive
ventilation (31.6% vs. 54.0%) was observed (all p < 0.05, Table 2).

Patient outcomes

Compared with CrKP patients, COVID-19 patients had lower in-
hospital mortality (12.1% vs. 39.7%, p < 0.001), shorter ICU length of
stay (6.5 days vs. 23.0 days, p < 0.001) and total length of hospital
stay (21.0 days vs. 33.0 days, p < 0.001). Considering the probable
effects of the differences in age, gender, and underlying disease on
prognosis, an adjusted analysis for age, gender, comorbidity, and
Pa0,/FiO, were performed. A significant difference regarding in-
hospital mortality (p = 0.002), ICU length of stay (p < 0.001), and
total length of hospital stay (p < 0.001) remained (Table 3). Further
analysis of the survival curve within 28 days and 60 days also
showed that death from the CrKP often occurred in early stage,
while death from the COVID-19 were mostly in the later stage
(Figs. 1 and 2).

Risk factors for in-hospital mortality

In order to confirm the clinical features and interventions
associated with in-hospital mortality between patients with
COVID-19 sepsis and those with CrKP sepsis, a multivariable logistic
regression analysis was performed. Identified risk factors for in-
hospital mortality associated with COVID-19 sepsis included
lymphocyte (OR 0.12, p = 0.045), neutrophil lymphocyte ratio (NLR)
(OR 1.06, p = 0.028), APACHE II score (OR 1.34, p < 0.001), SOFA
score (OR 2.11, p = 0.002) and ECMO (OR 33.76 p < 0.001). There
were no significant differences in comorbidities (OR 1.41, p = 0.12),
corticosteroid therapy (OR 1.04, p = 0.96), and invasive ventilation
(OR 2.29, p = 0.241) (Table 4).

Risk factors for in-hospital mortality and associated with CrKP

111), D-dimer (mg/L, 0.82 vs. 3.33), but higher albumin sepsis included lower lymphocyte (OR 0.43, p = 0.04), platelets (OR
Table 1
Baseline characteristics of CRKP sepsis and COVID-19 sepsis.
Characteristics CrKP (n = 63) COVID-19 (n = 107) %2[t/Z value p value
Age (years) 599 +17.7 58.1 + 15.1 0.673 0.517
<60 32 (50.8) 54 (50.5) 0.002 0.967
>60 31(49.2) 53 (49.5) 0.002 0.967
Male 46 (73.0) 68 (63.6) 1.608 0.205
Temperature (°C) 373+ 14 373+ 09 -0.221 0.626
<373 34 (54.0) 62 (57.9) 0.255 0.634
37.3-38.0 17 (27.0) 23 (21.5) 0.664 0.456
38.1-39.0 5(7.9) 15 (14.0) 1413 0.325
>39.0 7 (11.1) 7 (6.5) 1.095 0.384
Comorbidities 46 (73.0) 46 (43.0) 14.397 <0.001
Hypertension 21 (54.0) 32(29.9) 9.667 0.002
Diabetes 16 (25.4) 15 (14.02) 3.443 0.064
Heart disease 18 (28.6) 8(7.5) 13.620 <0.001
Cerebrovascular disease 14 (22.2) 4(3.7) 14.310 <0.001
Chronic obstructive pulmonary disease 10 (15.9) 3(2.8) 9.590 <0.001
Malignancy 6(9.5) 4(3.7) 2.397 0.176
Chronic renal insufficiency 16 (25.4) 2(1.9) 23.185 <0.001
Blood gas analysis
pH 7.42 + 0.09 7.42 + 0.06 —0.024 1.000
PO, (mmHg) 1283 + 354 89.7 + 34.1 6.618 <0.001
PCO, (mmHg) 399+98 359 + 5.44 3.147 0.038
Pa0,/FiO, 302.0 + 106.2 242.3 + 106.1 2.737 0.007

Data are expressed as n (%) or mean =+ SD.
CrKP: carbapenem-resistant klebsiella pneumonia.
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Table 2

Clinical features and treatments of patients in CRKP sepsis and COVID-19 sepsis.
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Variables CrKP (n = 63) COVID-19 (n = 107) %2[t/Z value p value
Inflammatory parameters
PCT (ng/mL) 0.8 (0.3-2.0) 0.1 (0.0-0.2) 8.367 <0.001
CRP (mg/L) 91.2 (36.0—133.7) 30.8 (14.0—68.0) 5.635 <0.001
Blood routine tests
WABC (1 x 10°/L) 11.1 (8.3—15.3) 6.3 (4.8—8.8) 6.066 <0.001
<4 3(4.8) 18 (16.8) 5.327 0.046
4-10 22 (34.9) 72 (67.3) 16.807 <0.001
>10 38 (60.3) 17 (15.9) 35.765 <0.001
Neutrophils (1 x 10°/L) 9.1 (6.5-12.3) 4.7 (3.3-7.6) 5.372 <0.001
<39 10 (15.9) 37 (34.6) 9.512 0.012
3.9-6.3 6(9.5) 29 (27.1) 7.495 0.006
>6.3 47 (74.6) 37 (34.6) 25.412 <0.001
Lymphocyte (1 x 10°/L) 0.9 (0.8—-1.7) 0.8 (0.5-1.1) 2.465 0.014
<0.05 7 (11.1) 22 (20.6) 2.503 0.141
0.6-1.0 28 (44.4) 51 (47.7) 0.165 0.751
>1.1 28 (44.4) 34 (31.8) 2.747 0.103
Monocytes (1 x 10°/L) 0.7 (0.4—-1.0) 0.4 (0.3-0.5) 4.147 <0.001
<0.6 30 (47.62) 87 (81.31) 20.975 <0.001
>0.6 33(52.38) 20 (18.69) 20.974 <0.001
HGB (g/L) 94.9 + 16.1 1303 + 18.7 -12.527 <0.001
Platelets (1 x 10°/L) 2004 + 1113 188.8 + 58.6 0.888 0.949
<100 10 (15.9) 6 (5.6) 4.901 0.032
100-150 11 (17.5) 19(17.8) 0.002 1.000
>150 42 (66.7) 82 (76.6) 1.997 0.211
PLR 174.7 (86.1-311.2) 217.9 (147.8—342.1) -2.020 0.043
NLR 8.3 (4.4—12.8) 5.4 (3.3-11.5) 1.979 0.048
Biochemical parameters
Albumin (g/L) 31.1+47 347 +3.5 —4.024 <0.001
TBiL (umol/L) 15.9 (11.5-254) 12.5 (8.8—17.5) 2.779 0.005
ALT (U/L) 47.0 (24.0-80.0) 28.0 (18.1-38.5) 4.192 <0.001
Creatinine (umol/L) 83.0 (47.3—148.1) 65.3 (54.0—86.0) 1.753 0.080
BUN (mmol/L) 12.5(7.5-19.9) 5.5 (4.0-7.2) 6.498 <0.001
Coagulation parameters
PT (s) 129+ 24 13.0+ 1.1 -0.177 0.860
APTT (s) 329+76 344 + 6.1 —1.050 0.131
INR 1.1+02 0.99 + 0.1 3.200 0.003
D-dimer (mg/L) 3.3(1.9-8.1) 0.8 (0.6—2.2) 4,729 <0.001
Cardiac function
cTnl (ug/L) 0.01 (0.01-0.02) 0.01 (0.01-0.02) 1.170 0.298
CKMB (ng/mL) 2.00 (2.00—-3.12) 1.04 (0.50—-1.77) 4.610 <0.001
ProBNP (pg/mL) 1121.0 (399.5-4395.0) 117.0 (41.0-510.0) 6.130 <0.001
Lact (mmol/L) 23(1.6-3.2) 2.1 (1.5-2.6) 1.199 0.230
MAP (mmHg) 88.1 + 144 94.7 + 13.2 —3.040 0.005
SOFA score 6.0 (4.0-10.0) 3.0 (2.0-4.0) 6.226 <0.001
APACHII score 20.0 (13.5—-24.5) 7.0 (5.0-9.8) 7.552 <0.001
Corticosteroid therapy 24 (38.1) 84 (78.5) 27.946 <0.001
ECMO 0(0) 7 (6.5) 4.299 0.038
CRRT 23 (36.5) 6 (15.4) 5.282 0.022
Invasive ventilation 34 (54.0) 24 (31.6) 7.101 0.008

Data are expressed as median (IQR), n (%) or mean + SD.
CrKP: carbapenem-resistant klebsiella pneumonia; PCT: procalcitonin; CRP: C-reaction protein; WBC: white blood cell; HGB: haemoglobin; PLR: platelets lymphocyte ratio;
NLR: neutrophil lymphocyte ratio; TBiL: total bilirubin; ALT: alanine aminotransferase; BUN: blood urea nitrogen; PT: prothrombin time; APTT: activated partial thrombo-
plastin time; INR: international standard ratio; CK-MB: creatine kinase isomer-MB; ProBNP: N-terminal pro-B natriuretic peptide; Lact: lactic acid; MAP: mean artery
pressure; SOFA: sequential organ failure assessment; APACHE II: acute physiology and chronic health evaluation II; ECMO: extracorporeal membrane oxygenation; CRRT:

continuous renal replacement therapy.

Table 3

Outcomes of patients with CRKP sepsis and COVID-19 sepsis.

Outcomes CrKP (n = 63) COVID-19 (n = 107) p value Adjusted p value®
In-hospital mortality 25(39.7) 13 (12.1) <0.001 0.002
ICU length of stay (days) 23.0 (12.5, 94.6) 6.5(3.0,11.8) <0.001 0.005
Total length of hospital stay (days) 33.0 (19.5, 89.5) 21.0 (16.0, 29.3) <0.001 0.011

Data are expressed as n (%) or median (IQR).
CrKP: carbapenem-resistant klebsiella pneumonia; ICU: intensive care unit.
2 Adjusted for age, gender, comorbidity and PaO,/FiOs.

0.99, p = 0.046), and higher lactic acid (OR 2.75, p = 0.002), acti-
vated partial thromboplastin time (OR 1.13, p = 0.005), APACHE Il
score (OR 1.30, p < 0.001), corticosteroid therapy (OR 0.08,
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p =0.002), and CRRT (OR 3.71, p = 0.022). There were no significant
differences in comorbidities (OR 0.97, p = 0.957) and invasive
ventilation (OR 141, p = 0.524) (Table 5).
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Fig. 1. The 28-day survival curves between CrKP and COVID-19. CrKP: carbapenem-
resistant klebsiella pneumonia.
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Fig. 2. The 60-day survival curves between CrKP and COVID-19. CrKP: carbapenem-
resistant klebsiella pneumonia.

Table 5
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Clinical features and interventions associated with in-hospital mortality in CrKP
sepsis with univariable and multivariable analysis.

CRRT NA
Invasive ventilation NA

3.71(1.20, 11.43) 0.022
1.41 (0.49, 4.06)

Variables Univariable Multivariable fully
adjusted model
OR (95% CI) p value OR (95% CI) p value
Age 0.99 (0.96,1.02) 0376 NA
Male 0.34 (0.11,1.07) 0.064 NA
Comorbidities 0.66 (0.21, 2.03) 0.468  0.97 (0.27,3.43) 0.957
Lymphocyte 0.57 (0.28,1.17) 0.127  0.43(0.19,0.96)  0.040
SOFA score 1.81(1.34,2.44) <0.001 1.15(1.00,1.33) 0.053
APACHE II score 1.32(1.14,1.52) <0.001 1.30(1.13,1.50) <0.001
PCT 1.06 (0.97,1.15) 0.192  1.05(0.97,1.14) 0.225
Platelets 0.99 (0.99, 1.00) 0.026  0.99 (0.99, 1.00)  0.046
Total bilirubin 1.03 (0.99, 1.06) 0.150  1.02 (0.99, 1.06) 0.156
Creatinine 1.00 (1.00, 1.01) 0.107  1.00(1.00, 1.01) 0.072
Lact 2.65(147,4.78) 0.001 2.75(1.47,5.12) 0.002
PCO, 0.95(0.90, 1.01) 0.120 0.96 (0.90, 1.02) 0.176
APTT 1.16 (0.96, 1.40) 0.129  1.13(1.04,1.23) 0.005
Comorbidities NA 0.97(0.27,3.43) 0.957
Corticosteroid therapy NA 0.08 (0.02,0.41) 0.002
(
(

0.524

SOFA: sequential organ failure assessment; APACHE II: acute physiology and chronic
health evaluation IL

PCT: procalcitonin; Lact: lactic acid; APTT: activated partial thromboplastin time;
CRRT: continuous renal replacement therapy; NA: not application, CrKP:
carbapenem-resistant klebsiella pneumonia.

Subgroup analysis

In the survivors group, compared to patients with CrKP, the
patients with COVID-19 manifested as lower lymphocytes
(0.89 x 10%/L vs. 0.99 x 109/L, p = 0.025), diminished neutrophils
(4.54 x 10°/L vs. 8.62 x 10°/L, p < 0.001), and reduced oxygenation
index (245.12 vs. 311.30, p = 0.007), but higher corticosteroid
therapy (78.72% vs. 50.00%, p = 0.001). In addition, among the non-
survivor group, lymphocytopenia was also more identified in pa-
tients with COVID-19 (0.88 x 10°/L vs. 0.52 x 10°/L, p = 0.007), like
the more required corticosteroid therapy (Table 6).

Discussion

This study compared the clinical features and prognosis be-
tween COVID-19-associated sepsis and classical bacterial sepsis.

Table 4

Clinical features and interventions associated with in-hospital mortality in COVID-19 sepsis with univariable and multivariable analysis.
Variables Univariable Multivariable Fully adjusted model

OR (95% CI) p value OR (95% CI) p value

Age 1.06 (1.01, 1.11) 0.021 NA
Male 3.57(0.75, 17.03) 0.110 NA
Comorbidities 0.81 (0.25, 2.65) 0.725 0.34 (0.09, 1.32) 0.120
Lymphocyte 0.09 (0.01, 0.66) 0.018 0.12 (0.01, 0.95) 0.045
SOFA score 1.81 (1.34, 2.44) <0.001 2.11 (1.31, 3.40) 0.002
APACHE I score 1.32(1.14, 1.52) <0.001 1.34 (1.14, 1.58) <0.001
NLR 1.05 (1.01, 1.10) 0.024 1.06 (1.01, 1.11) 0.028
Creatinine 1.01 (1.00, 1.02) 0.037 1.01 (1.00, 1.02) 0.074
Pa0, 0.96 (0.93, 1.00) 0.045 0.97 (0.93, 1.01) 0.122
Comorbidities NA 1.41 (0.49, 4.06) 0.120
Corticosteroid therapy NA 1.04 (0.24, 4.47) 0.960
ECMO NA 33.76 (4.43, 257.16) <0.001
CRRT NA inf. (0.00, Inf) 0.995
Invasive ventilation NA 2.29 (0.57,9.18) 0.241

SOFA: sequential organ failure assessment; APACHE II: acute physiology and chronic health evaluation II; NLR: neutrophil lymphocyte ratio; ECMO: extracorporeal membrane

oxygenation; CRRT: continuous renal replacement therapy, NA: not application.
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Table 6

Comparisons between survivor and non-survivor in CrKP sepsis and COVID-19 sepsis.
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Variables Survivors Non-survivors
CrKP (n = 38) COVID-19 (n = 94) p value CrKP (n = 25) COVID-19 (n = 13) p value
Age (years) 61.5 (15.9) 56.9 (14.5) 0.170 57.4 (20.4) 67.5(16.7) 0.161
<60 18 (47.4) 51 (54.3) 0.565 14 (56.0) 3(23.1) 0.086
>60 20 (52.6) 43 (45.7) 0.565 11 (44.0) 10 (76.9) 0.086
Comorbidities 29(76.3) 41 (43.6) <0.001 6 (24.0) 5(38.5) 0.080
Lymphocyte (1 x 10°/L) 1.0 (0.8—2.0) 0.9 (0.6—1.2) 0.025 0.9 (0.6—1.5) 0.5 (0.4—-0.9) 0.014
<0.5 3(7.9) 16 (17.0) 0.274 4(16.0) 6 (46.2) 0.062
0.6—1.0 17 (44.7) 45 (47.9) 0.284 11 (44.0) 6 (46.2) 1000
>1.1 18 (47.4) 33(35.1) 0.237 10 (40.0) 1(7.7) 0.057
Neutrophils (1 x 10%/L) 8.6 (6.8—11.0) 4.5 (3.2-7.1) <0.001 (5.8—14.9) 7.7 (3.7-8.8) 0.202
<3.9 5(13.2) 37 (394) 0.004 5(20.0) 4(30.8) 0.689
3.9-6.3 3(7.9) 28 (29.8) 0.011 3(12.0) 1(7.7) 1.000
>6.3 30 (79.0) 29 (30.9) <0.001 17 (68.0) 8 (61.5) 0.730
Platelets (1 x 10%/L) 226.8 (111.1) 190.7 (59.6) <0.001 160.3 (101.0) 175.2 (51.2) 0.303
>150 2 (5.3) 5(5.3) 0.999 8(32.0) 1(7.7) 0.126
100-150 7 (18.4) 17 (18.1) 0.999 4(16.0) 2 (15.4) 1.000
<100 29 (76.3) 72 (76.6) 0.999 13 (52.0) 10 (76.9) 0.176
Pa0,/FiO, 311.30 (86.8) 245.1 (109.1) 0.007 288.0 (131.1) 209.9 (65.3) 0.281
>300 22 (57.9) 14 (38.9) 0.112 12 (48.0) 0(0.0) 0.238
200-300 12 (31.6) 4(11.1) 0.048 8(32.0) 2 (66.7) 0.284
<200 4(10.5) 18 (50.0) <0.001 5(20.0) 1(33.3) 0.530
Corticosteroid therapy 19 (50.0) 74 (78.7) 0.001 5(20.0) 10 (76.9) 0.001

Data are expressed as n (%) or median (IQR).

Results demonstrated that although the degree of primary lung
injury caused by 2019-nCoV infection was more serious (indicated
by lower PaO,/FiO,) than of patients with CrKP, the systemic in-
flammatory response was milder, SOFA score was lower, and organ
function damage, such as the heart, liver, kidney, coagulation, and
circulation were less severe. Meanwhile, the acquired immuno-
suppression was more severe, indicated by lower lymphocyte
counts.'® Moreover, the proportion of corticosteroid therapy and
ECMO support in patients with COVID-19 was even higher, while
the use of CRRT and invasive mechanical ventilation was lower,
compared with CrKP patients. The hospitalized mortality, ICU and
total length of hospital stay were also lower/shorter than that in
patients with viral sepsis, and similar results were obtained after
being adjusted for age, gender, and PaO;/FiO,. Lymphocytopenia
and high APACH II scores were common risk factors for the in-
hospital mortality, and the death due to COVID-19 sepsis
occurred mostly at the later stages of hospitalization. These results
provided a reference for improved understanding of 2019-nCoV
infection and possible treatment measures.

Since CrKP is similar to COVID-19 with characteristics that may
lead to systemic sepsis, we compared the characteristics of viral
sepsis caused by 2019-nCoV with simple pulmonary CrKP infection.
In order to eliminate selection bias, this study included all patients
who were admitted to the ICU within the study time period. Firstly,
the two study groups were similar from the primary infection, and
pulmonary function in patients with COVID-19 is worse than that of
CrKP, which is similar to the severe pulmonary damage caused by
2019-nCoV in the postmortem examination.””'® 2019-nCoV can
directly invade type II alveolar epithelial cells, causing an inflam-
matory storm characterized by the increase of inflammatory me-
diators such as IL-6. Inflammatory cell infiltration by cells such as
mononuclear phagocyte system, neutrophils, and lymphocytes,
may lead to ARDS characterized by massive necrosis, exudation,
and hyaline membrane formation of alveolar cells.'”?° This is
similar to bacterial pulmonary infection, but there are also differ-
ences. Gram-negative bacteria also infect local bronchial or alveolar
epithelium, and then release a large number of inflammatory me-
diators such as IL-6 under the action of bacterial endotoxin lipo-
polysaccharide. This is accompanied by the infiltration of
neutrophils and macrophages, resulting in cell necrosis, exudation,
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and hyaline membrane degeneration, which may then develop to
ARDS.?"*?> However, the difference is that the bacterial infection is
characterized by massive exudation (showing a large amount of
purulent sputum and high lung water value), intensive inflamma-
tion and tissue consolidation as local manifestations, and then the
infection will gradually spread to the whole lung. In the virus sepsis
the evolution of inflammation was slower, the inflammatory
exudation was less, but the cellulose-like exudation and cell ne-
crosis were more apparent.'®° This report is similar to the findings
of the current study in that pulmonary function is more severely
impaired in patients with COVID-19 sepsis.>>**

In patients with bacterial or viral sepsis, the progression of local
infection leads to systemic inflammation and a dysregulated im-
mune response, which in turn leads to secondary organ damage.
Many studies explored classical bacterial sepsis, however, there is a
paucity of data comparing bacterial and viral sepsis to gain further
in-depth understanding of their clinical characteristics, especially
for COVID-19. In the current study we found that even in cases with
more severe primary infections, the systemic inflammatory
response and secondary organ damage caused by viral sepsis were
still milder than those in patients with bacterial sepsis. This may be
related to the mechanism how they arouse systemic inflammatory
response, i.e. the viral sepsis is mainly caused by the secondary
spread of local alveolar inflammatory storm and the entry of virus
into the blood."?>?% While bacteria can not only induce inflam-
mation and injury of systemic and distant organs through bacteria
entering the blood, but also through the release of a large number
of pathogen-associated molecular patterns mediators, such as
lipopolysaccharide, and so on. In addition, bacterial sepsis can
further lead to the release of a large number of secondary damage-
associated molecular patterns mediators, such as high mobility
group box 1, which causes a larger and continuous inflammatory
effect and finally leads to serious damage to distant organs, which is
more likely to result in MODS and higher mortality.””*¢ We also
demonstrated more severe hypolymphocytosis in patients with
COVID-19, suggesting that there may be more serious acquired
immunosuppression. This phenomenon was in line with our cur-
rent clinical observation that the course of COVID-19 is longer. The
existence of secondary infection and lack of immune support at the
later stages bring a high risk of rapid deterioration of the disease
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and possible death. Even in the case of more active breathing or
ECMO support, the progression of the condition cannot be reversed,
which is also consistent with the current survival results.>'*

We found that the proportion of corticosteroid therapy and
ECMO support therapy were higher in the COVID-19 sepsis group,
while the need of CRRT and invasive mechanical ventilation was
less. The reason may be that the prominent manifestation in viral
sepsis is more severe lung injury caused by local inflammation,
while other organs are less affected. In order to control local
inflammation and support severe respiratory failure, the use of
corticosteroids and ECMO increased.”® ! Bacterial sepsis is more
likely to lead to a systemic inflammatory reaction and secondary
organ damage, including renal dysfunction, which requires sys-
temic blood purification therapy to alleviate inflammation and
improve organ damage, including kidney damage. At the same
time, as secondary organ damage progresses, there are additional
concerns about the use of ECMO, which is primarily represented by
cardiopulmonary support.>? Invasive respiratory support acts as a
treatment for severe respiratory infectious disease, but the estab-
lishment of artificial airways for invasive mechanical ventilation is
more likely to lead to the spread of the virus, which limits the use of
ventilators. The emergence of a large number of patients with
COVID-19 in a short term may also be one of the reasons for the lack
of medical resources, including ventilators.

Several limitations to the current study should be mentioned.
Firstly, the project is a retrospective study. Secondly, using CrKP
pulmonary infection to represent classical bacterial sepsis may
cause certain bias. CrKP is a conditional pathogen infection and the
immune function in patients may be weaker. In addition, the drugs
and therapeutic methods available in clinics may be limited, which
may lead to more serious conditions and a worse prognosis. Ulti-
mately, the number of CrKP cases included was small. Thirdly, the
two groups were not infected at the same time, and were used
solely for longitudinal comparison. Treatment of CrKP was per-
formed in a single critical care center over the 5 years of data
collection, while data collected for patients with COVID-19 used the
government designated critical care center for 3 months, so there
may be differences in treatment approach and morbidity. More-
over, it is true that the detail mechanisms are still in progress.
Presently the interpretation of clinical phenomena in this study
mainly depends on the reasoning of literature.

In conclusion, based on existing clinical data, this study directly
compared differences between sepsis caused by 2019-nCoV infec-
tion and classical bacterial infection. The results showed that crit-
ical COVID-19 has the clinical characteristics of typical sepsis and is
comparable to classical bacterial sepsis; however, the degree of
systemic inflammatory response, secondary organ damage and
mortality are lower, while the immunosuppression may be more
serious, with more death in later stages of hospital stay. These
observations provide additional information to better understand
the disease process of COVID-19 and other similar conditions, as
well as the possible treatment methods.
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