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Severe COVID-19 has a distinct phenotype from bacterial sepsis: 
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Background: Coronavirus disease 2019 (COVID-19) has caused more than 2 million deaths worldwide. 
Viral sepsis has been proposed as a description for severe COVID-19, and numerous therapies have been 
on trials based upon this hypothesis. However, whether the clinical characteristics of severe COVID-19 are 
similar to those of bacterial sepsis has not been elucidated.
Methods: We retrospectively compared the clinical data of non-surviving COVID-19 patients who were 
admitted to a 30-bed intensive care unit (ICU) in Wuhan Infectious Diseases Hospital (Wuhan, China) from 22 
January 2020, to 28 February 2020, with those of non-surviving patients with bacterial sepsis who were admitted 
to the ICU in Zhongshan Hospital, Fudan University (Shanghai, China) from 3 July 2018, to 30 June 2020.
Results: A total of 53 COVID-19 patients and 26 septic patients were included in the analysis. The mean 
ages were 65.6 [standard deviation (SD): 11.1] and 70.4 (SD: 14.3) years in the COVID-19 cohort and sepsis 
cohort, respectively. The proportion of participants with hypertension was higher in non-survivors with 
COVID-19 than in non-survivors with sepsis (41.5% vs. 15.4%, P=0.020). The Sequential Organ Failure 
Assessment (SOFA) score of non-survivors with COVID-19 was lower than that of non-survivors with sepsis 
at ICU admission {4.0 [interquartile range (IQR): 3.0–6.0] vs. 7.5 [IQR: 5.8–11.0], P<0.001}. The clinical 
parameters at ICU admission assessed with principal component analysis and hierarchical cluster analysis 
showed that COVID-19 patients were distinct from bacterial septic patients. Compared with non-survivors 
with sepsis, non-survivors with COVID-19 had a higher neutrophil/lymphocyte ratio, total protein, globulin, 
lactate dehydrogenase (LDH), and D-dimer; a lower eosinophil count, procalcitonin, interleukin-6 (IL-6), 
total bilirubin, direct bilirubin, myohemoglobin, albumin/globulin ratio, activated partial thromboplastin 
time (APTT), prothrombin time (PT), and international normalization ratio (INR) at ICU admission. In 
addition, the levels of total protein, globulin, LDH, D-dimer, and IL-6 were significantly different between 
the two groups during the ICU stay.
Conclusions: Patients with critical COVID-19 have a phenotype distinct from that of patients with 
bacterial sepsis. Therefore, caution should be used when applying the previous experience of bacterial sepsis 
to patients with severe COVID-19.
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Introduction

Since December 2019, there have been more than 
110,000,000 cases of coronavirus disease 2019 (COVID-19) 
globally. The overall mortality rate of COVID-19 patients is 
1.4% (1), while the mortality rate for severe patient cases is 
50–60% (2,3). Sepsis is a life-threatening organ dysfunction 
caused by infection (4). The most common septic pathogen 
is bacteria, although it can also be viral, fungal, or protozoan. 
Many patients with severe or critical COVID-19 met 
the diagnostic criteria for sepsis according to the Third 
International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3) definition (5). Several groups have reported 
that numerous critically ill COVID-19 patients developed 
multiple organ dysfunction in addition to acute lung injury 
(6,7), without evidence for bacterial or fungal infections (8). 
Therefore, viral sepsis has been proposed to describe severe 
COVID-19, and “cytokine storm” has been speculated as 
to the major cause of death among COVID-19 patients. 
An array of therapies targeting inflammatory responses or 
cytokine removal have been enthusiastically propelled based 
on this hypothesis (9). Despite advances in understanding and 
managing sepsis caused by bacterial infection, little is known 
about sepsis caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). To test the hypothesis 
above, we compared the clinical characteristics of deceased 
patients, as representatives of the most severe cases, who 
were admitted to the intensive care unit (ICU) with either 
COVID-19 or bacterial sepsis. Our findings might suggest 
divergent host responses to bacteria and viruses and provide 
novel insights into further studies on the development of 
sepsis with underlying etiology of various pathogens and 
offer a new perspective in understanding the clinical pattern 
of severe COVID-19.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-1291).

Methods

Study design and patients

We retrospectively compared deceased patients with 
COVID-19 and bacterial sepsis from 2 ICUs supervised 
by the same attending doctor during the study period. The 
attending doctor managed a 28-bed ICU in Zhongshan 
Hospital, Fudan University (Shanghai, China), and he 
temporarily worked as a chief physician in a 30-bed ICU 
in Wuhan Infectious Diseases Hospital (Wuhan, China) 

during the outbreak of the COVID-19 pandemic. Patients 
in the COVID-19 cohort were enrolled in the ICU of 
Wuhan Infectious Diseases Hospital from 22 January 
2020 to 28 February 2020. The diagnosis of COVID-19 
was confirmed by a positive result on a probe-based next-
generation sequencing or real-time reverse-transcription-
polymerase chain reaction (RT-PCR) test for SARS-CoV-2 
from a nasopharyngeal swab or an anal swab (10). Patients 
in the bacterial sepsis cohort were admitted to the ICU in 
Zhongshan Hospital from 3 July 2018 to 30 June 2020. Sepsis 
was diagnosed according to the Sepsis-3 (5). Bacterial sepsis is 
defined as a sepsis diagnosis with affirmed bacterial infection 
(11,12). All eligible patients in both cohorts were at least 18 
years of age and died in the ICU. Patients were excluded if 
there was insufficient data for analysis, as were COVID-19 
patients with signs of bacterial infection at admission. The 
study was conducted following the Declaration of Helsinki 
(as revised in 2013). Participants in the bacterial septic cohort 
were recruited into a prospective study under informed 
consent guidelines approved by the Ethics Committee of 
Zhongshan Hospital, Fudan University (B2017-021R). 
Participants or their statutory surrogates provided written 
informed consent. This study on COVID-19 was approved 
by the Ethics Committee of Wuhan Infectious Diseases 
Hospital (KY-2020-56.01), and written informed consent 
was waived by the hospital's Ethics Committee due to the 
retrospective design of this study.

Data collection

The electronic clinical records of all eligible patients 
were reviewed at the Wuhan Infectious Diseases Hospital 
and Zhongshan Hospital. Demographic data, underlying 
diseases, clinical and laboratory findings, treatments 
(mechanical ventilation, antibiotics, antiviral therapies, 
cort icosteroid therapy,  immunoglobulin therapy, 
vasopressor treatment, renal replacement therapy), and 
outcomes (survival time in the ICU and overall survival 
time) were collected with standard data collection forms. 
Laboratory findings included complete blood count, serum 
biochemistry profile, coagulation tests, and the levels of 
cardiac biomarkers, procalcitonin (PCT), C-reactive protein 
(CRP), and interleukin-6 (IL-6). The Sequential Organ 
Failure Assessment (SOFA) score was determined on the 
day of ICU admission. The date of illness onset was defined 
as the day on which symptoms caused by the infection were 
first noticed. Overall survival time was defined as the time 
from illness onset to death. The data were independently 
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reviewed and checked by 2 researchers (YW and SL).

Statistical analysis

Data were reported as percentages for categorical variables 
and as the means ± standard deviations (SDs) or medians 
with interquartile ranges (IQRs, 25–75%) for continuous 
variables. This study aimed to compare the clinical 
characteristics of non-surviving patients with COVID-19 
and bacterial sepsis. Therefore, no formal hypothesis 
was used to calculate the necessary sample size, and we 
included all eligible patients in the analysis. Missing data 
were imputed with multiple imputations (predictive mean 
matching method). Categorical variables were compared 
with the chi-square (χ2) test or Fisher’s exact test, as 
appropriate, and continuous variables were compared 
by Student’s t tests or Mann-Whitney U tests. Repeated 
measures data were compared using the generalized 
linear mixed model. All tests of significance were 2-tailed, 
and a P value less than 0.05 was considered statistically 
significant. The results were analyzed with SPSS version 
22.0 for Windows (SPSS Inc., Chicago, IL, USA). Principal 
component analysis (PCA) was performed to identify the 
major factors among the investigated clinical parameters 
that could be used to distinguish between patients with 
bacterial sepsis and those with COVID-19. Hierarchical 
cluster analysis was performed to categorize all participants 
into 2 categories. We performed PCA and hierarchical 
cluster analysis with the R package “factoextra” in R version 
3.6.1 (https://www.R-project.org/).

Results

From 22 January 2020 to 28 February 2020, 58 patients 
with confirmed COVID-19 died in the ICU of Wuhan 
Infectious Diseases Hospital, Wuhan; in total, 5 (8.6%) 
were considered ineligible, including 3 who died within 24 h 
of admission and 2 who lacked sufficient data for analysis. A 
total of 53 patients were included in the COVID-19 cohort. 
From 3 July 2018 to 30 June 2020, 26 septic patients with 
bacterial infections died in the ICU of Zhongshan Hospital, 
Shanghai, and all of them were eligible for inclusion in the 
bacterial sepsis group. The primary causes of the infections 
in septic patients are shown in Table S1.

Demographics and clinical characteristics

Demographics and clinical characteristics of patients are 

shown in Table 1. The percentage of males was higher in the 
bacterial sepsis cohort than in the COVID-19 cohort (84.6% 
vs. 62.3%, P=0.042). Hypertension and diabetes were 
common in non-survivors with COVID-19 who had a much 
higher incidence rate than septic patients (Table 1). The 
SOFA scores of COVID-19 non-survivors were lower than 
those of bacterial sepsis non-survivors at ICU admission 
[4 (IQR: 3.0–6.0) vs. 7.5 (IQR: 5.8–11.0), P<0.001]. The 
median time from onset of illness to ICU admission was 
13.0 days and 3.5 days in the COVID-19 and bacterial 
sepsis cohorts (P<0.001), respectively (Table 1).

Laboratory findings

The PCA showed that bacterial septic patients and 
COVID-19 patients could be clearly distinguished 
in dimension 1 and dimension 2 (Figure 1A) when 
using the clinical parameters in Table 2 as variables. In 
dimension 1, the variables listed in descending order of 
contribution were: total protein, globulin, activated partial 
thromboplastin time (APTT), myoglobin, international 
normalization ratio (INR), and prothrombin time (PT) 
(Figure 1B,C); in dimension 2, the 5 most contributory 
variables were the neutrophil count, white blood cell 
count, lactate dehydrogenase (LDH) level, D-dimer level, 
and aspartate transaminase (AST) level (Figure 1B,D). 
Hierarchical cluster analysis was performed to divide all 
participants into 2 categories using the clinical parameters 
in Table 2 (Figure 1E). Most COVID-19 patients (45/53, 
84.9%) and bacterial septic patients (22/26, 84.6%) were 
separately categorized into blue and red categories. Both 
PCA and hierarchical cluster analysis could distinguish 
non-survivors with COVID-19 from non-survivors with 
bacterial sepsis.

Table 2 shows the laboratory findings of patients at ICU 
admission. The normal reference ranges of these parameters 
are shown in Table S2. The neutrophil/lymphocyte ratio 
and levels of total protein, globulin, LDH, fibrinogen, and 
D-dimer were higher in non-survivors with COVID-19 
than in non-survivors with sepsis; and non-survivors with 
COVID-19 had lower eosinophil counts, albumin/globulin 
ratios, APTTs, PTs, INRs, and lower levels of PCT, IL-6, 
total bilirubin, direct bilirubin, and myohemoglobin than 
non-survivors with sepsis.

To further explore differences in the clinical course 
of disease between COVID-19 and bacterial sepsis, we 
compared laboratory results at admission, on day 3, and 
on the day before death in patients who survived the first 
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Table 1 Demographics and clinical characteristics

Variable Sepsis, N=26 (%) COVID-19, N=53 (%) P value

Age (years), mean (SD) 70.4 (14.3) 65.6 (11.1) 0.102

Male 22 (84.6) 33 (62.3) 0.042

Underlying disease

COPD 3 (11.5) 3 (5.7) 0.389

Hypertension 4 (15.4) 22 (41.5) 0.020

Diabetes 3 (11.5) 11 (20.8) 0.367

Cardiovascular disease 2 (7.7) 5 (9.4) 1.000

Chronic renal disease 0 (0.0) 4 (7.5) 0.297

Cerebrovascular disease 1 (3.8) 12 (22.6) 0.050

Carcinoma 4 (15.4) 5 (9.4) 0.467

Others 3 (11.5) 2 (3.8) 0.324

SOFA (score), median (IQR) 7.5 (5.8, 11.0) 4 .0 (3.0, 6.0) <0.001

Time from onset of illness to ICU admission (days), 
median (IQR)

3.5 (2.0, 5.0) 13.0 (10.0, 17.0) <0.001

SD, standard deviation; COPD, chronic obstructive pulmonary disease; SOFA score, Sequential Organ Failure Assessment score; ICU, 
intensive care unit; IQR, interquartile range.

3 days in the ICU. A total of 18 COVID-19 patients and 
19 bacterial septic patients with complete blood counts, 
serum biochemistry profiles, and coagulation test data were 
included in the analysis. The test for between-group effects 
showed that the lymphocyte counts, eosinophil counts, 
INR, albumin/globulin ratio, and levels of PCT, IL-6, 
total protein, albumin, globulin, total bilirubin, LDH, and 
D-dimer were different between the two groups (Figure 2). 
Compared with non-survivors with bacterial sepsis, non-
survivors with COVID-19 had higher levels of total protein, 
globulin, LDH, and D-dimer and lower levels of IL-6 
during their ICU stays (Figure 2).

Treatments and outcomes

Mechanical ventilation was the main form of respiratory 
support provided to patients with COVID-19 and bacterial 
sepsis. More participants in the COVID-19 cohort received 
high-flow nasal cannula therapy than in the bacterial septic 
cohort (Table 3). Almost all participants were administered 
antibiotics, and antiviral therapy was only used in 15 (28.3%) 
COVID-19 patients. Corticosteroid and immunoglobulin 
were given to 29 (54.7%) and 31 (58.5%) COVID-19 
patients, respectively, which were not routinely used for 

the treatment of bacterial sepsis. Vasopressors and renal 
replacement were more widely used in non-survivors with 
bacterial sepsis than in those with COVID-19 (Table 3). The 
survival time in ICU of non-survivors with COVID-19 was 
shorter than that of those with bacterial sepsis, while no 
difference was observed in the overall survival time between 
the two groups (Table 3).

Discussion 

Numerous patients with severe COVID-19 have clinical 
manifestations that meet the Sepsis-3 diagnostic criteria for 
sepsis with negative blood or respiratory sample cultures 
for bacteria or fungi. It has been speculated that viral 
sepsis may be a proper description of severe COVID-19 
(6,13). Here, we compared the clinical characteristics of 53 
deceased patients with confirmed COVID-19 with those of 
26 with bacterial sepsis after ICU admission. Our analyses 
showed that non-survivors with severe COVID-19 and 
bacterial sepsis had distinct clinical characteristics regarding 
susceptibility, organ function, immunologic status, and 
coagulation. Based on the PCA and hierarchical cluster 
analysis of the laboratory test results, non-survivors with 
COVID-19 and non-survivors with bacterial sepsis belong 
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Figure 1 Principal component analysis and hierarchical cluster analysis of clinical parameters in bacterial sepsis patients and COVID-19 
patients. (A) PCA was performed with the R package “factoextra” to distinguish bacterial sepsis patients from COVID-19 patients. (B) 
Contributions of variables in PCA. (C) Top 10 most contributory variables in dimension 1. (D) Top 10 most contributory variables in 
dimension 2. (E) Hierarchical cluster analysis of bacterial sepsis patients and COVID-19 patients. Clusters computed by Ward's method 
according to the Euclidean distance between patients’ clinical parameters. PCA, principal component analysis; WBC, white blood cell count; 
NEU, neutrophil count; LYM, lymphocyte count; N/L, neutrophil/lymphocyte ratio; MON, monocyte count; ESO, eosinophil count; 
BAS, basophil count; PLT, platelet count; HGB, hemoglobulin; TP, total protein; ALB, albumin; GLO, globulin; A/G, albumin/globulin 
ratio; TBIL, total bilirubin, CB, direct bilirubin; ALT, glutamate-pyruvate transaminase; AST, aspartate transaminase; UREA, urea; CREA, 
creatine; LDH, lactate dehydrogenase; MYOGLOBULIN, myoglobulin; APTT, activated partial thromboplastin time; PT, prothrombin 
time; FIB, fibrinogen; INR, international normalized ratio; DD, D-dimer; PCT, procalcitonin; IL6, interleukin-6; CRP, C-reactive protein.
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Table 2 Laboratory findings at ICU admission

Variable Sepsis, N=26 (%) COVID-19, N=53 (%) P value

Immunological status

White blood cell count (×109/L), median (IQR) 12.16 (5.31, 17.08) 12.64 (8.41, 16.58) 0.392

Neutrophil count (×109/L), median (IQR) 10.55 (4.88, 15.78) 11.75 (7.48, 15.21) 0.312

Lymphocyte count (×109/L), median (IQR) 0.70 (0.38, 1.00) 0.53 (0.39, 0.77) 0.358

Neutrophil/lymphocyte ratio,
median (IQR)

13.11 (8.14, 26.88) 19.94 (14.55, 32.73) 0.025

Monocyte count (×109/L), median (IQR) 0.41 (0.23, 0.61) 0.32 (0.21, 0.50) 0.314

Eosinophil count (×109/L), median (IQR) 0.06 (0.01, 0.11) 0.00 (0.00, 0.02) <0.001

Basophil count (×109/L), median (IQR) 0.02 (0.01, 0.05) 0.02 (0.00, 0.03) 0.164

IL-6 (pg/mL), median (IQR) 820.00 (263.00, 1,000.00) 10.76 (8.24, 16.68) <0.001

PCT (μg/L), median (IQR) 8.45 (1.75, 21.02) 0.14 (0.11, 0.60) <0.001

CRP (>10 mg/mL) 26 (100.0) 48 (90.6) 0.165

Organ function

Hemoglobin (g/L), median (IQR) 112.00 (93.25, 135.50) 122.00 (111.50, 134.00) 0.129

Total protein (g/L), median (IQR) 51.50 (43.75, 56.25) 64.10 (58.75, 68.45) <0.001

Albumin (g/L), median (IQR) 27.50 (22.00, 31.00) 28.20 (25.65, 29.95) 0.498

Globulin (g/L), median (IQR) 22.00 (18.00, 27.00) 36.10 (31.50, 41.95) <0.001

A/G, median (IQR) 1.20 (0.99, 1.44) 0.80 (0.70, 0.90) <0.001

Total bilirubin (μmol/L), median (IQR) 23.95 (16.48, 46.90) 16.80 (12.35, 24.75) 0.004

Direct bilirubin (μmol/L), median (IQR) 12.70 (7.33, 26.15) 7.10 (4.50, 10.15) <0.001

ALT (U/L), median (IQR) 35.50 (22.25, 74.25) 29.00 (19.00, 62.00) 0.238

AST (U/L), median (IQR) 55.50 (37.50, 126.00) 38.00 (31.00, 64.50) 0.054

Creatinine (μmol/L), median (IQR) 98.00 (62.00, 175.25) 76.70 (59.00, 119.65) 0.431

Urea (mmol/L), median (IQR) 9.35 (5.43, 15.78) 8.50 (6.70, 14.05) 0.892

LDH (U/L), median (IQR) 260.00 (218.00, 457.25) 527.00 (468.00, 763.50) <0.001

Myohemoglobin (ng/mL), median (IQR) 380.80 (162.80, 2,527.50) 123.00 (58.10, 428.30) 0.002

Coagulation

Platelet count (×109/L), median (IQR) 142.50 (92.25, 267.00) 159.00 (108.00, 237.50) 0.950

APTT (seconds), median (IQR) 34.55 (31.80, 48.75) 27.60 (23.90, 32.75) <0.001

PT (seconds), median (IQR) 15.80 (13.78, 17.55) 13.00 (11.95, 14.80) <0.001

Fibrinogen (g/L), median (IQR) 3.50 (1.92, 5.32) 4.50 (2.55, 5.70) <0.001

INR, median (IQR) 1.45 (1.27, 1.62) 1.10 (1.02, 1.26) <0.001

D-dimer (g/L), median (IQR) 6.34 (3.14, 9.39) 30.24 (5.63, 65.93) 0.002

ICU, intensive care unit; IL-6, inteleukin-6; PCT, procalcitonin; CRP, C-reactive protein; A/G, albumin/globulin ratio; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; APTT, activated partial thromboplastin time; PT, 
prothrombin time; INR, international normalized ratio; PCT, procalcitonin; IL-6, interleukin-6; IQR, interquartile range.
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Figure 2 Dynamic laboratory findings. Laboratory findings of patients at ICU admission, on day 3, and on the day before death. (A) 
Lymphocyte counts (×109/L). (B) Eosinophil counts (×109/L). (C) Procalcitonin (ng/mL). (D) IL-6 (pg/mL). (E) Total protein (g/L). (F) 
Albumin (g/L). (G) Globulin (g/L). (H) Albumin/globulin ratio. (I) Total bilirubin (mol/L). (J) LDH (U/L). (K) INR. (L) D-dimer (µg/mL).  
ICU, intensive care unit; IL-6, interleukin-6; LDH, lactate dehydrogenase; INR, international normalized ratio. *, P<0.05; **, P<0.01; ***, 
P<0.001.

**

**
**

**

**

**

**
*

* *

*

*

***

***
***

***

******

**
**

**

***

**
*

*

*

*

admission

admission

admission admission

admission admission

admission

admissionadmissionadmission

admission admissionday 3

day 3

day 3 day 3

day 3 day 3

day 3

day 3day 3day 3

day 3 day 3before death

before death

before death before death

before death before death

before death

before deathbefore deathbefore death

before death before death

Sepsis

Sepsis

Sepsis

Sepsis

COVID-19

COVID-19

COVID-19

COVID-19

Ly
m

ph
oc

yt
e 

co
un

ts
 (×

10
9 /L

)

E
os

in
op

hi
l c

ou
nt

s 
(×

10
9 /L

)

IL
-6

 (p
g/

m
L)

LD
H

 (U
/L

)

IN
R

To
ta

l p
ro

te
in

 (g
/L

)

A
lb

um
in

 (g
/L

)
To

ta
l b

ili
ru

bi
n 

(μ
m

oL
/L

)

A
lb

u
m

in
/g

lo
b

u
lin

 r
a
yi

o

D
-d

im
e
r 

(μ
g/

m
L)

G
lo

b
u

lin
 (
g

/L
)

P
ro

ca
lc

ito
ni

n 
(n

g/
m

L)3

2

1

0

−1

0.20

0.15

0.10

0.05

0.00

−0.05

−0.10

1000

800

600

400

200

0

−200

3000

2000

1000

0

3

2

1

0

80

70

60

50

40

40

35

30

25

20

150

100

50

0

−50

2.0

1.5

1.0

0.5

0.0

80

60

40

20

0

−20

50

40

30

20

10

0

60

40

20

0

−20

A

J

G

D

B

K

H

E

C

L

I

F

to 2 separate categories, suggesting that severe COVID-19 
is a unique category of sepsis that is different from bacterial 
sepsis.

Older males with comorbidities are more likely to 
be affected by COVID-19 (14). Hypertension, diabetes 
mellitus, cardiovascular disease, and cerebrovascular 
disease are major risk factors for mortality in patients with 
COVID-19 and in those with sepsis (14-18). In our study, 

the proportion of hypertension was higher in patients with 
COVID-19 than in those with bacterial sepsis. This suggests 
that patients with hypertension might be more predisposed 
to become severe cases after SARS-Cov-2 infection. 
However, several observational studies have shown no 
substantial increase in the susceptibility to COVID-19 or in 
the risk of severe COVID-19 among patients treated with 
anti-hypertension agents renin-angiotensin-aldosterone 
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Table 3 Treatments and outcomes

Variable Sepsis, N=26 (%) COVID-19, N=53 (%) P value

HFNC 2 (7.7) 18 (34.0) 0.012

Mechanical ventilation 23 (88.5) 50 (94.3) 0.389

Antibiotic therapy 26 (100.0) 52 (98.1) 1.000

Anti-viral therapy 0 (0.0) 15 (28.3) 0.002

Corticosteroids 1 (3.8) 29 (54.7) 0.000

Immunoglobulin therapy 0 (0.0) 31 (58.5) 0.000

Vasopressor therapy 23 (88.5) 16 (30.2) 0.000

CRRT 12 (46.2) 11 (20.8) 0.020

Overall survival time (days), mean (SD) 28.0 (32.3) 22.1 (8.2) 0.255

HFNC, high-flow nasal cannula; CRRT, continuous renal replacement therapy; ICU, intensive care unit; SD, standard deviation.

system (RAAS) blockers (19,20).
Patients with severe COVID-19 often presented heart, 

kidney, or liver dysfunction in addition to respiratory 
failure (6). These features of COVID-19 seem to resemble 
multiorgan dysfunction in sepsis, which accounts for clinical 
deterioration and death in severe cases. We detected a 
striking elevation of troponin in the COVID-19 cohort; 
however, we could not directly compare their levels 
between the two groups because different troponin isoforms 
were measured in the 2 hospitals (Table S3). In addition, 
vasopressor was less used in patients with COVID-19 
(Table 2). Regarding kidney function, although the levels 
of creatinine and urea were comparable between the two 
groups from the time of ICU admission to the time of 
death, renal replacement therapy was less used in the 
COVID-19 cohort than in the sepsis cohort, suggesting 
that fewer severe cases with COVID-19 developed kidney 
dysfunction during their ICU stays. In addition, liver injury, 
as indicated by increased bilirubin levels, also occurred less 
often in the COVID-19 cohort than in the sepsis cohort. 
These results suggest that respiratory failure is the primary 
cause of death in patients with severe COVID-19 who 
experience rapid deterioration, although virus-induced 
organ dysfunction also contributes to mortality. The SOFA 
score was deemed as a reliable indicator for predicting in-
hospital and 28-day mortality in sepsis. Nevertheless, the 
deceased COVID-19 patients in our study had a much 
lower SOFA score than septic patients, which implied that 
SOFA might not be sensitive for these "viral sepsis" patients 
due to SARS-CoV-2. 

The immune response is essential for resolving an 

infection, but a dysregulated immune response can also 
result in immunopathology. A cytokine storm is a harmful 
immune reaction involving swiftly elevated levels of 
circulating cytokines and immune-cell hyperactivation that 
leads to multiorgan failure and early mortality (21). It has 
been revealed that pro-inflammatory cytokine levels are 
consistently elevated above the normal range in patients 
with severe or critical COVID-19, which was associated 
with poor outcomes (22,23). Based on these clinical results 
and previous experience with SARS-COV, cytokine storms 
have been proposed as a pathophysiological mechanism 
underlying the poor outcomes of severe COVID-19 (7).  
Anti-inflammatory strategies, such as an anti-IL-6 
receptor, anti-tumor necrosis factor (TNF) antibody, and 
corticosteroids, had been suggested as potential treatments 
for COVID-19 based on this theory (7,24-26). Recently, the 
use of the term cytokine storm in the context of COVID-19 
has been challenged (27). Sinha et al. reported that plasma 
cytokine levels in most COVID-19 patients were lower 
than those in previous cohorts of patients with acute 
respiratory distress syndrome (ARDS) (27). In particular, 
the median levels of IL-6, a key pro-inflammatory cytokine 
in patients with acute infections, were found to be 10- to 
200-fold lower in patients with severe COVID-19 than 
those with the hyperinflammatory phenotype of ARDS (27).  
Consistently, we also found that the level of IL-6 was  
65-fold lower in non-survivors with COVID-19 than in 
those with sepsis (Table 2). All the above suggest that the 
elevation of cytokine levels in patients with COVID-19 
is limited, which differs from the excessive inflammatory 
cytokine release observed in patients with bacterial  

https://cdn.amegroups.cn/static/public/ATM-21-1291-Supplementary.pdf
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sepsis (21). Further evidence supporting this claim is that 
tocilizumab, an anti-IL-6 receptor monoclonal antibody, has 
been approved to treat multiple inflammatory diseases like 
sepsis and arthritis. Nevertheless, in the latest randomized 
controlled trials, tocilizumab failed to show significant 
effects on the risk of intubation or a survival benefit in 
hospitalized patients with COVID-19 (28-32).

Coagulation data from published studies have shown 
that patients with severe COVID-19 were susceptible to 
microvascular thrombosis and disseminated intravascular 
coagulation (DIC) without evidence of bleeding (33). We 
found that D-dimer levels in the COVID-19 cohort were 
5 times as much as those in the bacterial sepsis cohort, 
while the PT, APTT, and INR were less disturbed in 
participants with COVID-19 than in those with sepsis. In 
bacterial sepsis, coagulopathy is triggered by the activation 
of tissue factors and is potently enhanced by immune cell 
activation and cytokine release. As discussed above, the 
cytokine levels were not as high in COVID-19 participants 
as in those with bacterial sepsis, indicating that cytokine 
release might not be the primary cause of coagulation 
dysfunction. Recently, a postmortem report revealed that 
severe lung injury was observed in patients with ARDS due 
to COVID-19. Alveolar microthrombi were 9 times more 
prevalent in patients with ARDS due to COVID-19 than 
in patients with ARDS due to influenza (34). Therefore, 
it is reasonable to presume that the SARS-CoV-2 virus 
impaired endothelial cells via the angiotensin-converting 
enzyme 2 (ACE2) receptor, switching the vascular milieu 
to procoagulant activity. A recent pathological report 
confirmed the presence of viral elements within endothelial 
cells and an accumulation of inflammatory cells (35).

There were several limitations to this study. First, our 
COVID-19 cohort and bacterial sepsis cohort involved 
patients admitted to 2 different hospitals. There might 
have been some systemic bias due to differences in 
laboratory protocols or managing strategies. However, 
all participants were supervised by the same attending 
physician, which might have minimized such institutional 
heterogeneity. Second, we only compared the clinical 
characteristics between patients with bacterial sepsis 
and patients with severe COVID-19, l imiting the 
generalizability of the findings to sepsis caused by other 
viral infections. 

According to the analysis of susceptibility, organ 
function, immunologic status, and coagulation between 
the COVID-19 cohort and bacterial sepsis cohort, non-
surviving patients with COVID-19 were distinguished from 

non-surviving patients with bacterial sepsis.

Conclusions

In conclusion, this comparative study demonstrated that 
severe COVID-19 patients had distinct phenotypes from 
those with bacterial sepsis. Therefore, it is prudent to 
acquire more evidence before applying previous experience 
for bacterial sepsis to patients with severe COVID-19.
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Table S1 Primary cause of infection in bacterial sepsis patients

Patient Number Gender Age (years) Primary cause of infection

1 Male 63 Acute cholangitis

2 Male 74 Severe pneumonia

3 Male 65 Acute peritonitis

4 Male 83 Acute peritonitis

5 Male 80 Acute peritonitis

6 Male 60 Acute peritonitis

7 Male 64 Pneumonia

8 Female 31 Pneumonia

9 Male 54 Pneumonia

10 Male 57 Acute peritonitis

11 Male 68 Acute peritonitis

12 Male 71 Acute peritonitis

13 Male 86 Acute peritonitis

14 Male 70 Acute peritonitis

15 Female 88 Acute peritonitis

16 Male 88 Acute peritonitis

17 Female 67 Acute cholangitis

18 Male 40 Acute peritonitis

19 Male 79 Acute peritonitis

20 Male 75 Acute peritonitis

21 Male 72 Acute peritonitis

22 Male 82 Acute suppurative cholangitis

23 Female 78 Acute peritonitis

24 Male 72 Acute peritonitis

25 Male 77 Bacterial liver abscess

26 Male 92 Acute peritonitis

Supplementary
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Table S2 Normal reference range of laboratory tests

Variable Zhongshan Hospital Jin-Yin Tan Hospital

Immunological status

White blood cell count (×109/L) 3.5-9.5 3.5-9.5

Neutrophil count (×109/L) 40-75 1.8-6.3

Lymphocyte count (×109/L) 1.1.-3.2 1.1-3.2

Monocyte count (×109/L) 0.1-0.6 0.1-0.6

Eosinophil count (×109/L) 0.02-0.52 0.02-0.52

Basophil count (×109/L) 0.00-0.06 0.00-0.06

IL-6 (pg/mL) <3.4 0-7

PCT (μg/L) <0.5 <0.5

CRP (mg/mL) 0-10 0-5

Organ function

Hemoglobin (g/L) 130-175 130-175

Total protein (g/L) 65-85 65-85

Albumin (g/L) 35-55 40-55

Globulin (g/L) 20-40 20-40

A/G 1.2-2.4 1.2-2.4

Total bilirubin (μmol/L) 3.4-20.4 0-26

Direct bilirubin (μmol/L) 0.0-6.8 0-8

ALT (U/L) 9-50 9-50

AST (U/L) 15-40 14-40

Creatinine (μmol/L) 44-115 57-97

Urea (mmol/L) 2.9-8.2 3.1-8.0

LDH (U/L) 109-245 120-250

Myohemoglobin (ng/mL) 28-72 0-146.9

Coagulation

Platelet count (×109/L) 125-350 125-350

APTT (second) 25.0-31.3 21-37

PT (second) 10.0-13.0 10.5-13.5

Fibrinogen (g/L) 2-4 2-4

INR 0.50-1.20 0.8-1.2

D-dimer (g/L) 0.00-0.80 0-1.5

IL-6, inteleukin-6; PCT, procalcitonin; CRP, C-reactive protein; A/G, albumin/globulin ratio; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; LDH, lactate dehydrogenase; APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international 
normalization ratio; PCT, procalcitonin; IL-6, interleukin-6.
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Table S3 Supplementary clinical data 

Variable Sepsis N=26
Normal reference 

range
Variable COVID-19, N=53

Normal reference 
range

CK-MB, 
median (IRQ)

3.50 (2.30, 18.70),  
N=23/26

(0-24) U/L CK-MB 21.00 (14.50, 25.50),  
N=53

(0-4.87) ng/mL

Pro-BNP, 
median (IRQ)

1711.00 (886.70, 3471.50), 
N=25/26

(0-300) pg/mL Pro-BNP 1844.00 (827.75,4043.00), 
N=12/53

Null

- - - BNP, median(IRQ) 104.60 (52.80, 291.60), 
N=39/53

(0-100) pg/mL

cTnT, median 
(IRQ)

0.04 (0.02,0.11),  
N=26

<0.03 ng/mL High sensitive-cTnI 0.05 (0.01, 0.64),  
N=49/53

(0-0.028) ng/mL

Ferritin 3 (50%), N=6/26 (13-150) ng/mL Ferritin 17 (35.4%), N=48/53 (21.8-274.66) ng/mL

COVID-19, coronavirus disease 2019; CK-MB, creatine kinase isoenzyme-MB; Pro-BNP, pro-type B natriuretic peptide; cTnT, cardiac 
troponin T; cTnI, cardiac troponin I; ICU, intensive care unit; SD, standard deviation; IQR, interquartile range.
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