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a b s t r a c t   

Background: The aim of this study was to describe and compare clinical characteristics and outcomes in 
critically ill septic patients with and without COVID-19. 
Methods: From February 2020 to March 2021, patients from surgical and medical ICUs at the University 
Hospital Dresden were screened for sepsis. Patient characteristics and outcomes were assessed descriptively. 
Patient survival was analyzed using the Kaplan-Meier estimator. Associations between in-hospital mortality and 
risk factors were modeled using robust Poisson regression, which facilitates derivation of adjusted relative risks. 
Results: In 177 ICU patients treated for sepsis, COVID-19 was diagnosed and compared to 191 septic ICU 
patients without COVID-19. Age and sex did not differ significantly between sepsis patients with and 
without COVID-19, but SOFA score at ICU admission was significantly higher in septic COVID-19 patients. In- 
hospital mortality was significantly higher in COVID-19 patients with 59% compared to 29% in Non-COVID 
patients. Statistical analysis resulted in an adjusted relative risk for in-hospital mortality of 1.74 (95%- 
CI=1.35–2–24) in the presence of COVID-19 compared to other septic patients. Age, procalcitonin maximum 
value over 2 ng/ml, need for renal replacement therapy, need for invasive ventilation and septic shock were 
identified as additional risk factors for in-hospital mortality. 
Conclusion: COVID-19 was identified as independent risk factor for higher in-hospital mortality in sepsis 
patients. The need for invasive ventilation and renal replacement therapy as well as the presence of septic 
shock and higher PCT should be considered to identify high-risk patients. 

© 2022 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. 
CC_BY_NC_ND_4.0   

1. Introduction 

Sepsis is a life threatening organ dysfunction caused by a dys
regulated host response to infection [1]. It is one of the most 
common diseases and causes of death worldwide. A study by the 
Institute for Health Metrics and Evaluation estimated 49 million 
sepsis cases and 11 million sepsis-associated deaths per year [2]. In 
2020, the Jena Sepsis Registry reported an in-hospital mortality rate 
of 35.3% and 52% for sepsis and septic shock, respectively [3]. Fur
thermore, studies showed that more than 20% of patients who sur
vived sepsis died within the following two years, not explained by 
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the health status before sepsis [4]. In this context, the World Health 
Organization declared sepsis as a global health priority [1]. 

The COVID-19 pandemic represents currently another challenge 
and affected the healthcare systems world-wide. Karagiannidis et al. 
(2020) reported mortality rates between 22% (non-ventilated pa
tients), 53% (invasively ventilated patients) and 73% (patients on 
dialysis) in a large German wide cohort study with 10,021 patients  
[5]. Increased disease severity in COVID-19 was found to be asso
ciated with demographic factors (higher age, male gender) and co
morbidities such as, obesity, diabetes, hypertension and coronary 
heart disease [6]. The development of acute kidney injury (AKI) and 
increased SOFA score on admission are considered negative prog
nostic factors for clinical outcomes [7–10]. Moreover, increased 
white blood cell count, elevated level of C-reactive protein (CRP), 
Procalcitonin (PCT), Interleukin 6 (IL-6), tumor necrosis factor alpha 
(TNF-α), lactate dehydrogenase (LDH) and signs of hypercoagulo
pathy (low platelet count and increased D-dimers, Fibrinogen and 
Prothrombin Time) were associated with higher severity and in
creased mortality of COVID-19 [11–14]. Biochemical parameters of 
liver injury (high levels of ALT, AST and γGT) were observed in severe 
and fatal cases (49.1% of all patients at hospital admission) [11]. 
Furthermore, severe COVID-19 infection is characterized by cytokine 
release syndrome (CRS) which can also be observed in sepsis [15]. In 
fact, Sepsis and Covid-19 manifestations present so similar that 
management guidelines for COVID-19 have been directly developed 
from similar sepsis guidelines [16]. 

The aim of this study was to describe and compare clinical 
characteristics and outcomes in critically ill septic patients with and 
without COVID-19. The hypothesis of this study is, that the combi
nation of sepsis and COVID-19 negatively affects clinical outcomes in 
critical ill patients. 

2. Methods 

2.1. Study design 

This was a single-center, retrospective study performed at three 
surgical and medical intensive care units (ICU) at the University 
Hospital Dresden, Germany. This study was approved by the re
sponsible Ethics Committee (BO-EK-374072021) and performed in 
accordance with the Declaration of Helsinki. 

2.2. Study protocol 

From February 2020 to March 2021, all ICU patients were 
screened for Sepsis and Septic Shock as defined by the International 
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) [1]. 
After informed consent, sepsis patients were enrolled in the Com
prehensive Sepsis Center Dresden Kreischa registry. During the 
COVID pandemic, all ICU patients were additionally screened for 
SARS-CoV2 infection. COVID-19 patients were treated according to 
hospital guidelines for COVID-19, which was regularly updated 
based on the German guideline for COVID-19 [17] as well as the 
recommendations of the COVRIIN expert group of the Robert Koch 
Institute (RKI) [18]. Therefore, treatment of septic COVID-19 was not 
fully equal to treatment of patients with sepsis from other causes, 
other than COVID-19, being the main difference of administration of 
dexamethasone in all COVID-19 patients according to the results of 
the RECOVERY trial in July 2020 [19]. 

From sepsis diagnosis until hospital discharge, all sepsis patients 
were treated according to a standardized clinical pathway based on 
the German guideline for sepsis and septic shock. These guidelines 
are congruent with the Survival sepsis Campaign 2021 guidelines  
[16]. All adult ICU patients treated in the medical and surgical ICUs at 
the University Hospital Dresden were screened daily for eligibility. 
Patients were eligible if they were age ≥ 18 years and diagnosed with 

sepsis or septic shock according to Sepsis 3 definition [1]. Informed 
consent was obtained by the patient or a legal representative. 

2.3. Data acquisition 

All patients’ data were recorded during the entire ICU stay during 
standard patient care using an electronic patient data management 
system (ORBIS, Dedalus, Bonn, Germany) as well as respective sub
systems (PDMS, ICM, Dräger Medical, Lübeck, Germany and ixserv, 
ixmid Software Technologie GmbH, Köln, Germany). SOFA score [20] 
and Charlson Comorbidity Index [21,22] were calculated using 
standardized protocols at day of ICU admission. 

2.4. Laboratory analysis 

Standard laboratory analyses were performed daily. Conventional 
analyses were performed using EDTA-tubes for complete blood cell 
count as well as citrate tubes for conventional coagulation tests. A 
serum collecting tube was used for measurements of inflammatory 
parameters, e.g. CRP and PCT. All standard laboratory tests were 
performed in the Institute for Laboratory Medicine at the University 
Hospital Dresden, according to standard procedures. Blood gas 
analysis was performed at the bedside using ABL Flex90 systems 
(Radiometer, Brønshøj, Denmark). 

2.5. Statistical analyses 

Statistical analyses were performed using SPSS Statistics 27 (IBM, 
Inc, Armonk, NY, U.S.) and R version 3.2.4. All categorical variables 
were described as absolute and relative frequencies; comparison 
between groups was done using Fisher's exact test. Continuous 
variables were presented as median and 1st / 3rd quartile; group 
comparison was based on the Mann-Whitney U test. Patient survival 
times after admission and on ICU, respectively, were analyzed using 
the Kaplan-Meier estimator. Associations between in-hospital mor
tality and risk factors were modeled using robust Poisson regression  
[23], which facilitates derivation of adjusted relative risks. In a first 
model specification adjustment for the patients’ individual char
acteristics, i.e. age, sex, obesity, Charlson Comorbidity Index and 
SOFA score at ICU admission was performed. Primary outcome was 
defined as mortality during hospital stay. The precision of relative 
risk (RR) estimates was quantified using 95%-confidence intervals 
(CIs). Significance level was set at 0.05. 

3. Results 

3.1. Characteristics of the cohort 

From February 2020 to March 2021, 191 patients with sepsis and 
177 patients with sepsis and COVID-19 were enrolled in this study. 
These 177 sepsis patients with COVID-19 represented 94% of the 
total number of 188 COVID-19 treated in the ICUs of the University 
Hospital Dresden. Groups did not differ significantly regarding de
mographic data. COVID-19 patients had higher BMI (29 vs 27, 
p  <  0.05) and Non-COVID sepsis patients had higher Charlson 
Comorbidity Index (4 vs 3 points, p  <  0.05, Table 1). 

In Non-COVID patients, different causes of sepsis were observed. 
Abdominal (35%), pulmonary (20%) and urogenital (12%) foci were 
most frequently diagnosed. In COVID-19 patients, sepsis was pri
marily related to a pulmonary focus in all cases. Blood stream in
fection was frequent in both groups (48% in COVID-19 septic 
patients, 53% in Non-COVID septic patients), while coagulase nega
tive staphylococcus was the most frequently isolated pathogen. Only 
enterococcus was significantly more frequent in Non-COVID patients 
(14% vs 6%, p  <  0.05), all other pathogens were comparable in both 
groups. Septic shock at ICU admission was present in 29% of all 
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patients and occurred more frequently in Non-COVID septic patients 
(43% vs 14%, p  <  0.05). 

3.2. Survival and complications 

Median in-hospital stay was 17 days in COVID-19 septic patients 
and 28 days in Non-COVID patients (p  <  0.05). Overall in-hospital 
mortality for septic patients was 44% and was significantly higher in 
COVID-19 patients with 59% compared to 29% in Non-COVID patients 
(unadjusted RR=2.02, 95%-CI=1.57–2.60, p  <  0.05, Fig. 1). Further
more, COVID-19 septic patients suffered more from thromboembolic 
complications. Pulmonary Embolism was observed in 32% of COVID- 
19 patients and in 3% of Non-COVID septic patients (p  <  0.05). 

3.3. Characteristics of ICU treatment 

All patients received antibiotic treatment as well as fluid ad
ministration and catecholaminergic support, to maintain mean 
blood pressure ≥ 65 mmHg. 56% of Non-COVID patients received 
mechanical ventilation, while all COVID-19 patients were treated 
with invasive mechanical ventilation. Since September 2020, all 
COVID-19 patients were treated with dexamethasone (6 mg) for 10 
days, while Non-COVID patients did not receive standardized corti
costeroids. Dexamethasone was used in 90% of all septic COVID-19 
patients (n = 160) and in no case of Non-COVID septic patients. 

Progressive ARDS was more frequent in COVID-19 compared to 
Non-COVID patients with the need of inhaled nitric oxide (iNO) 
therapy (35% vs 2%, p  <  0.05) and extracorporeal membrane oxy
genation (28% vs 5%, p  <  0.05) to obtain sufficient gas exchange. 
SOFA scores at ICU admission were increased in COVID-19 compared 
to Non-COVID patients (12 vs 9, p  <  0.05), mainly due to higher rate 
of respiratory failure in COVID-19 septic patients. Renal replacement 
therapy (RRT) was frequently used in both groups (38% in COVID-19% 
and 29% in Non-COVID patients), but Non-COVID patients needed 
longer RRT support (p  <  0.05). Furthermore, COVID-19 septic pa
tients needed prolonged invasive mechanical ventilation (12 vs 3 

Table 1 
Patients ICU characteristics.       

Non- 
COVID 

COVID-19 p 

Demographics     

n 191 177  
Male [n] 138 (72%) 128 (72%) n.s. 
Age [years] 65 

(55; 75) 
67 
(61; 73) 

n.s. 

Charlson Comorbidity Index 4 (2; 7) 3 (2; 5)  <  0.05 
BMI [kg/m2] 27 

(24; 31) 
29 
(26; 33)  

<  0.05 

WHO Adipositas Scale   n.s. 
Underweight [n] 3 (2%) 0 n.s. 
Normal Weight [n] 65 (34%) 34 (19%) n.s. 
Overweight [n] 68 (36%) 67 (38%) n.s. 
Adipositas Grade I [n] 31 (16%) 39 (22%) n.s. 
Adipositas Grade II [n] 16 (8%) 24 (14%) n.s. 
Adipositas Grade III [n] 8 (4%) 13 (7%) n.s. 
Focus [n]    
Pulmonary 38 (20%) 177 

(100%)  
<  0.05 

Abdominal 66 (35%)  n.s. 
Urogenital 22 (12%)  n.s. 
Device associated 17 (9%)  n.s. 
Central Nervous System 3 (2%)  n.s. 
Bone/Joint related 4 (2%)  n.s. 
Skin or soft tissue related 20 (10%)  n.s. 
Unknown 21 (10%)  n.s. 
Blood Stream infection [n] 102 (53%) 85 (48%) n.s. 
ß-Streptococcus 4 (2%) 0 n.s. 
Coagulase negative Staphylococcus 43 (23%) 46 (26%) n.s. 
Enterococcus 26 (14%) 10 (6%)  <  0.05 
Klebsiella 14 (7%) 11 (6%) n.s. 
Non-ferment microbes 5 (3%) 11 (6%) n.s. 
Serratia marescens 2 (1%) 3 (2%) n.s. 
Gram-negative microbes 22 (12%) 14 (8%) n.s. 
Proteus 3 (2%) 0 n.s. 
Yeast-like fungi 7 (4%) 7 (4%) n.s. 
Ventilation before ICU-admission    
non-invasive [d] 0 (0; 0) 2 (1; 3)  <  0.05 
invasive [d] 0 (0; 0) 1 (0; 5)  <  0.05 
ICU characteristics    
SOFA Score at ICU admission 9 (6; 13) 12 (10; 13)  <  0.05 
Septic shock at ICU admission 82 (43%) 25 (14%)  <  0.05 
Tracheostomy performed [n] 64 (34%) 80 (45%)  <  0.05 
inhaled nitric oxide [n] 4 (2%) 61 (35%)  <  0.05 
RRT [n] 56 (29%) 67 (38%) n.s. 
Duration RRT, only for patients under 

RRT [hours] 
399 
(107; 
647) 

155 
(32; 311)  

<  0.05 

ECMO support [n] 9 (5%) 49 (28%)  <  0.05 
Duration ECMO support, only for 

patients under ECMO therapy 
[hours] 

165 
(54, 245) 

275 
(179, 353) 

n.s. 

Non-invasive ventilation [n] 28 (15%) 39 (22%) n.s. 
Duration non-invasive ventilation, only 

for patients with non-invasive 
ventilation [days] 

3 (2; 8) 3 (2; 5) n.s. 

Invasive ventilation [n] 107 (56%) 177 
(100%)  

<  0.05 

Duration invasive ventilation, only for 
patients with invasive 
ventilation [days] 

18 (7; 30) 12 (8; 17)  <  0.05 

ICU stay [days] 12 (5; 28) 15 
(10; 22) 

n.s. 

Hospital stay [days] 28 
(13; 49) 

17 
(12; 25)  

<  0.05 

Laboratory parameters    
CRP maximum value [mg/L] 279 

(190; 
345) 

267 
(203; 345) 

n.s. 

PCT maximum value [ng/ml] 13 (3; 48) 3 (1; 11)  <  0.05 
Leucocytes maximum value [GPt/L] 23 

(15; 30) 
19 
(15; 26)  

<  0.05 

Leucocytes minimum value [GPt/L] 6 (4; 8) 7 (4; 9)  <  0.05 
Lactate maximum value [mmol/ml] 3.3 

(2.0; 7.4) 
3.2 
(2.2; 9.5) 

n.s.  

Table 1 (continued)      

Non- 
COVID 

COVID-19 p 

Demographics     

Platelets maximum value [GPt/L] 358 
(228; 
484) 

321 
(258; 418) 

n.s. 

Platelets minimum value [GPt/L] 88 
(45; 167) 

124 
(64; 195)  

<  0.05 

Complications during ICU stay [n]    
Deep vein thrombosis 13 (7%) 56 (32%)  <  0.05 
Pulmonary Embolism 5 (3%) 56 (32%)  <  0.05 
Discharge from ICU [n]    
Deceased 40 (21%) 93 (53%)  <  0.05 
Other ICU/IMC 25 (13%) 35 (19%) n.s. 
Rehab Hospital 38 (20%) 31 (18%) n.s. 
Other Hospital 4 (2%) 8 (5%) n.s. 
Standard Care Ward 82 (43%) 10 (5%)  <  0.05 
At Home 2 (1%) 0 n.s. 
Discharge from hospital [n]    
Deceased 56 (29%) 105 (59%)  <  0.05 
Withdraw of care by patients will 42 (22%) 82 (46%)  <  0.05 
Nursing home 7 (3%) 0 n.s. 
Rehab Hospital 51 (27%) 54 (31%) n.s. 
Other Hospital 15 (8%) 9 (6%) n.s. 
At Home 65 (33%) 7 (4%)  <  0.05 

Categorical variables were described as absolute and relative frequencies; comparison 
between groups was done using Fisher's exact test. Continuous variables were pre
sented as median and 1st / 3rd quartile (Q1; Q3); group comparison was based on the 
Mann-Whitney U test. 
CRP = C-Reactive Protein, ECMO = Extracorporeal Membrane Oxygenation, ICU 
= Intensive Care Unit, IMC = Intermediate Care Unit, PCT = Procalcitonin, RRT = Renal 
Replacement Therapy.  
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days, p  <  0.05). Tracheostomy was more frequently performed in 
COVID-19 patients (45% vs 34%, p  <  0.05) compared to patients with 
sepsis of other causes. Patients with sepsis without COVID-19 pre
sented higher systemic inflammation according to maximum values 
of Leucocytes (23 vs 19 GPt/L, p  <  0.05) and PCT (13 vs 3 ng/ml, 
p  <  0.05) compared to COVID-19 septic patients. ICU-stay did not 
differ significantly with 15 days in COVID-19 patients and 12 days in 
Non-COVID patients (p = 0.060). Only 47% of COVID-19 patients were 
discharged alive from ICU compared to 79% of Non-COVID septic 
patients (Fig. 2, p  <  0.05). 

3.4. Modeling of in-hospital mortality 

Adjusted group comparisons were performed using a robust 
Poisson regression model (Table 2). Adjusting for the patients’ in
dividual characteristics resulted in a RR for in-hospital mortality of 
1.74 (95%-CI=1.35–2–24) in the presence of COVID-19 compared to 
other septic patients. In a second model specification, ICU process 
characteristics, i.e. need of RRT / ECMO, invasive ventilation and 
occurrence of pulmonary embolism / deep vein thrombosis and 
maximum values of laboratory parameters, e.g. CRP, PCT and max
imum value of leucocytes were included. Estimation of this model 
specification also indicated a significantly higher relative risk of in- 
hospital mortality for septic COVID-19 patients (RR=1.61, 95%- 
CI=1.23–2.12). 

In addition to COVID-19 infection, the following risk factors were 
significantly related to in-hospital mortality: Age (RR per year of 
age=1.02, 95%-CI=1.00–1.03), PCT maximum value over 2 ng/ml 
(RR=1.64, 95%-CI=1.15–2.33), need or RRT (RR=1.49, 95%- 
CI=1.18–1.89), need for invasive mechanical ventilation (RR=2.38, 
95%-CI=1.32–4.27) and septic shock present at ICU admission 
(RR=1.43, 95%-CI=1.12–1.82). 

4. Discussion 

4.1. Critical discussion of the findings 

This study presents several important new findings that are 
highly relevant for patient care and risk stratification of patients 
with sepsis with and without COVID-19. First of all, it clearly in
dicates that COVID-19 is an independent risk factor for mortality in 
sepsis. Second, elderly patients with the need for invasive mechan
ical ventilation and RRT are at high risk for in-hospital mortality and 

the maximum values of PCT during ICU and the presence of septic 
shock at ICU admission should be considered carefully for patients 
particularly at risk. 

In the present study an overall in-hospital mortality of 44% in 
septic patients has been reported, which is comparable to previous 
results of large cohort studies [24]. Non-COVID septic patients 
showed favorable outcome with in-hospital mortality rate of 29% 
compared to septic COVID-19 patients (59%). 

A standardized treatment pathway has been established for 
septic patients within the framework of the Comprehensive Sepsis 
Center Dresden Kreischa Registry. Considering the high complexity, 
morbidity and mortality of sepsis, early diagnosis and immediately 
treatment is the main goal in the acute phase (“frapper forte et 
frapper vite”) [25]. Septic patients in this study were treated ac
cording to a multidisciplinary and multisectoral pathway. This 
pathway includes standard operation procedures (SOP) for diag
nostic measurements, antibiotic treatment and focus control (e.g. 
surgical intervention), as well as regular interdisciplinary specialist 
consulting to discuss microbiology and pharmacology issues. The 
pathway defines mandatory treatments, e.g. differentiated fluid and 
catecholamine therapy in case of septic shock in accordance with 
national and international sepsis guidelines [26]. Nonetheless, 
treatment of septic COVID-19 patients differs from treatment of 
Non-COVID patients in some points. Since the RECOVERY trial was 
published in July 2020 – showing lower 28-day mortality in hospi
talized COVID-19 patients with administration of dexamethasone  
[19] – institutional guidelines changed including glucocorticoid ad
ministration in all COVID-19 ARDS patients. For Non-COVID patients 
there is no general recommendation for the use of glucocorticoids in 
septic patients in national guidelines [26], but some recent pub
lished large meta-analysis suggest also a benefit for adult patients 
with sepsis [27]. Since there is a lack of evidence further research is 
needed to investigate on this effect. this study is not powered on the 
effect of glucocorticoids in septic patients and therefore, the authors 
would not recommend to extrapolate any suggestion on the benefit 
of glucocorticoids in these patients. 

Mortality in septic patients remains high with up to 40% in 
Germany wide studies [28], ranging from 26.7% for hospitalized to 
41.9% for ICU patients [24]. However, a recent published multicenter 
trial from Australia and New Zealand reported quite lower in-hos
pital mortality up to 6.2% for septic patients, treated with a com
prehensive pathway [29]. Assumable, mortality in septic patients 
depends on more other variables, e.g. occurrence of septic shock and 

Fig. 1. Kaplan-Meier survival estimates with 95%-confidence intervals for septic pa
tients with and without COVID-19 ARDS during hospital stay. 

Fig. 2. Kaplan-Meier survival estimates with 95%-confidence intervals for septic pa
tients with and without COVID-19 ARDS during ICU stay. 
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significance of organ damage. This study reports about a severely ill 
patient cohort with mean SOFA score of 9 points for Non-COVID 
septic patients and occurrence of septic shock at ICU at admission of 
43% resulting in an observed in-hospital mortality of 29%. Nine 
points in SOFA score predicts a mortality of >  33%, validated in large 
multicenter studies [30,31]. On the other hand, hospital mortality for 
septic shock is unlike higher approaching 40–60% [32]. Results from 
the current study reported Non-COVID septic patients are well 
comparable to current data in terms of mortality rate. The authors 
observed a slightly better than expected in-hospital mortality and 
hypothesize that increased survival in our patients might be due to 
the established multidisciplinary and multisectoral pathway. Se
verity of COVID-19 infection and a higher SOFA seem to be strongly 
associated [8]. In this context, it should be noted that platelet count 
and parameter of liver injury (bilirubin) and kidney disease (serum 
creatinine) are part of the SOFA score, which furthermore comprises 
ventilation (oxygenation index) and circulation-support parameters 
(use of vasoactive medication), as well as Glasgow Coma Score value 
which is decreased in critically ill patients due to sedation. 

In the current study, in-hospital mortality was significantly 
higher in COVID-19 patients (59%) than in non-COVID sepsis patients 
(29%). This study reported median SOFA-score at ICU admission of 12 
points for septic COVID-19 patients, predicting hospital mortality of 
50% [30,31], which was significantly higher than in Non-COVID pa
tients. COVID-19 cause severe lung injury making lung supportive 
therapy as invasive ventilation (p  <  0.05), iNO (p  <  0.05) and ECMO 
therapy (p  <  0.05) more frequently necessary than in non-COVID 
septic patients. Therefore, multiple regression analysis to adjust for 
clinically relevant patient-individual and ICU characteristics, 

including SOFA score were performed. In these analyses, COVID-19 
has been identified as independent risk factor for higher in-hospital 
mortality (RR=1.61, 95%-CI=1.23–2.12) after risk adjustment. This 
result indicates that COVID-19 infection leading to ARDS and septic 
syndrome is more fatal than septic syndrome of other etiology. This 
is in line with the high number of reported deaths leading to ICU 
mortality up to 84.6%[33] and approximately 49% [5] and 53.4% [34] 
reported in larger cohort studies - even if sepsis was not present or 
not diagnosed. Mortality in COVID-19 caused ARDS patients seems to 
be higher than in seasonal influenza caused ARDS patients [35]. 
Besides, deep vein thrombosis and pulmonary embolism were sig
nificantly more frequent in septic COVID-19 patients. Other studies 
identified the occurrence of pulmonary embolism as a single risk 
factor for mortality in COVID-19 patients [36]. These findings reflect 
the clinical rational, that PE is associated with a higher risk of death 
up to 30% if untreated and up to 10–15% under treatment [37]. 
However, statistical analysis for this cohort did not result in a sig
nificantly higher risk of in-hospital mortality if PE or DVT was di
agnosed. The authors might hypothesize, that the increased 
anticoagulation therapy in COVID-19 patients might not prevent 
from DVT/PE, but might protect patients from early death. According 
to current clinical standards, all COVID-19 ICU patients received sub- 
therapeutic dose of heparin compared to only prophylactic dose in 
Non-COVID patients. If PE or DVT was diagnosed, all patients were 
treated with therapeutic anticoagulation, if no contraindications 
existed. Miró et al. showed in a recent published study, that PE in 
COVID-19 patients was associated with less severity than in Non- 
COVID patients [38]. This could also be an explanation for the 
missing relevance of PE for mortality in our cohort. 

Table 2 
Relative risk estimates from robust Poisson regressions with 95%-confidence intervals.         

Risk factor RR 95%-CI RR 95%-CI RR 95%-CI 
COVID-19 ARDS (ref: no)        

yes 2.02 *  (1.57–2.60) 1.74 *  (1.35–2.24) 1.80 *  (1.12–2.90) 
Age (in years)   1.02 *  (1.00–1.03) 1.02 *  (1.00–1.03) 
Sex (ref: female)       
male   0.92  (0.72–1.19) 0.87  (0.69–1.11) 
BMI (in kg/m2 ref:  < 35)       
35- <  40   0.81  (0.55–1.21) 0.86  (0.60–1.22) 
40 +   1.10  (0.71–1.71) 1.06  (0.74–1.53) 
Charlson Comorbidity Index   1.01  (0.96–1.06) 1.01  (0.96–1.06) 
SOFA score   1.08 *  (1.04–1.12) 1.02  (0.99–1.05) 
RRT (ref: no)       
yes     1.49 *  (1.18–1.88) 
ECMO (ref: no)       
yes     1.18  (0.91–1.53) 
Invasive ventilation (ref: no)       
yes     2.45 *  (1.36–4.41) 
PE (ref: no)       
yes     1.09  (0.84–1.41) 
DVT (ref: no)       
yes     1.02  (0.79–1.31) 
CRP maximum value (in mg/L ref:  < 200)       
200–400     1.34  (0.98–1.84)  
>  400     1.03  (0.69–1.53) 
PCTmax (in ng/mlref:  < 2)        
>  =2     1.62 *  (1.14–2.31) 
Leucocytes minimum value_cat (in GPt/L ref:  < =3.8)        
>  3.8     1.03  (0.77–1.39) 
Leucocytes maximum value_cat (in GPt/L ref:  < 20)        
>  =20     0.98  (0.78–1.24) 
Septic schock (ref: no)       
yes     1.43 *  (1.12–1.81) 
Other focus than pulmonary 

(ref: no) 
yes     

1.17  (0.70–1.96) 

Constant 0.29 *  (0.24–0.37) 0.05 *  (0.02–0.12) 0.02 *  (0.01–0.04) 
n 368  368  368  

ARDS = Acute Respiratory Distress Syndrome, BMI = Body Mass Index, CRP = C - reactive protein, DVT = Deep Vein Thrombosis, ECMO = Extracorporeal Membrane Oxygenation, LAE 
= Intensive Care Unit, PE = Pulmonary Embolism, PCT = Procalcitonin, RRT = Renal Replacement Therapy. 
RR = relative risk; CI = confidence interval; significance levels: *  < 5%.  
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In septic patients, bacterial or fungal blood stream infection 
could be detected in 53%, but also co-infection or superinfection was 
present in 48% of COVID-19 septic patients in this study. Compared 
to recent studies, this is higher than expected. Da Silva Ramos et al. 
reported in their review an incidence ranging from 5.9% in hospi
talized to 8.1% in critical ill patients up to a pooled incidence of 17% 
in ICU patients [39]. Despite this fact, over 70% received antibiotic 
therapy, speculating non-accurate detection of bacterial infection or 
overuse [39]. However, early results from Wuhan in January 2020 
suggested that non-survivors presented significant higher rates of 
co-infections up to 50% [7]. Therefore, co-infections should be 
carefully monitored and immediately addressed. Grasselli et al. re
ported in 2020 a high incidence of hospital acquired infections (HAI) 
in COVID-19 patients with 46% and multidrug-resistant bacteremia 
in already 35% [40]. COVID-19 patients with septic shock following 
HAI were prone to decease by double, which is comparable to our 
findings. Furthermore, patients with the need of RRT and mechanical 
ventilation showed worse outcome in this study. Karagiannidis et al. 
reported in 2020 an in-hospital mortality in COVID-19 patients with 
the need of RRT and invasive ventilation of 73% [5] and recent data 
from Brazilian nationwide surveillance database reported mortality 
up 80% in mechanical ventilated patients [41]. However, structural 
differences between Brazilian and German health care organization 
and capacities during the pandemic should be considered. The 
finding from the current study suggests that PCT values over the cut- 
off of 2 ng/ml correlate with worse outcome. In accordance, Tang 
et al. highlighted in a study in 2020 the importance for IL-6 and PCT 
measurement as predictive biomarkers for COVID-19 severity [42]. 
Furthermore, a recently published multicenter COVID-19 cohort 
study identified higher PCT, CRP and interleukin-6 values as three 
out of ten most important predictive values for ICU mortality by 
machine learning model in 1039 patients [43]. 

4.2. Study limitations 

As this is an observational study, it faces all the limitations as
sociated with this type of analyses. Mainly considering the ob
servational study design, the results of this analysis are prone to be 
misinterpreted as confounders were not measured in a controlled 
way compared to prospective trials. The authors observed different 
variations in patient characteristics and quantities that are likely to 
influence the prognosis. This study may observe a selection bias, 
since COVID-19 patients were specifically transferred to the 
University Hospital Dresden as tertiary referral center for differ
entiated lung support and ECMO therapy. 

5. Conclusion 

In-hospital mortality was significantly increased in septic COVID- 
19 patients compared to septic Non-COVID patients while pre-hos
pital patients’ characteristics were comparable between both 
groups. ICU characteristics differed related to the various causes of 
sepsis in Non-COVID patients. However, regression-based adjust
ment indicates that COVID-19 infection can be considered as an in
dependent risk factor for higher mortality in septic patients. The 
need of invasive ventilation and renal replacement therapy as well as 
the presence of septic shock and PCT values over 2 ng/ml should be 
considered to identify patients at risk for in-hospital mortality in 
septic patients. 
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