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Abstract

Background

Some patients with Corona Virus Disease 2019 (COVID-19) develop a severe clinical

course with acute respiratory distress syndrome (ARDS) and fatal outcome. Clinical mani-

festations and biomarkers in early stages of disease with relevant predictive impact for out-

comes remain largely unexplored. We aimed to identify parameters which are significantly

different between subgroups.

Design

125 patients with COVID-19 were analysed. Patients with ARDS (N = 59) or non-ARDS (N =

66) were compared, as well as fatal outcome versus survival in the two groups.

Key results

ARDS and non-ARDS patients did not differ with respect to comorbidities or medication on

developing a fatal outcome versus survival. Body mass index was higher in patients with

ARDS versus non-ARDS (p = 0.01), but not different within the groups in survivors versus

non-survivors. Interleukin-6 levels on admission were higher in patients with ARDS com-

pared to non-ARDS as well as in patients with fatal outcome versus survivors, whereas lym-

phocyte levels were lower in the different subgroups (all p<0.05). There was a highly

significant 3.5-fold difference in fever load in non-survivors compared to survivors

(p<0.0001). Extrapulmonary viral spread was detected more often in patients with fatal out-

come compared to survivors (P = 0.01). Further the detection of SARS-CoV-2 in serum

showed a significantly more severe course and an increased risk of death (both p<0.05).
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Conclusions

We have identified early risk markers for a severe clinical course, like ARDS or fatal out-

come. This data might help develop a strategy to address new therapeutic options early in

patients with COVID-19 and at high risk for fatal outcome.

Introduction

Recently, a new type of Coronavirus, SARS-CoV (Severe Acute Respiratory Syndrome Corona

Virus)-2, led to a worldwide pandemic outbreak of an infectious disease, called COVID-19

(Corona Virus Disease 2019). The clinical manifestation of this disease is very broad and vari-

able, ranging from asymptomatic carriers to symptoms of acute infection of the upper airways

and occasionally severe acute respiratory insufficiency and death [1–3]. Various risk factors

and comorbidities potentially modulating susceptibility to infection and severity of disease are

discussed, but it is not clear which factors determine not only the clinical course, but also the

fate of patients with COVID-19 [4].

Although COVID-19 appears to have a lower fatality rate than infections with SARS-CoV

or Middle East Respiratory Syndrome (MERS)-CoV, the absolute number of deaths is high

due to the global burden of infection. Beside possible regional differences in health care, an

age-related increase in mortality has consistently been observed. Recently, based on results

from an observational database of 169 hospitals in Asia, Europe, and North America, cardio-

vascular and pulmonary comorbidities have been reported to be independently associated

with increased in-hospital death [4]. Furthermore, a decrease in kidney function and need for

mechanical ventilation have been described as prognostic factors for fatal outcome in 5,700

patients hospitalized with COVID-19 in the New York City area [5]. Next to increasing age,

mechanical ventilation and higher PEEP level requirements, were associated with increased

mortality in 1,591 COVID-19 patients admitted to the ICU departments in the Lombardy

Region in Italy [6]. A large retrospective cohort study from Wuhan in China proposed older

age, a high SOFA score, and D-Dimer levels greater than 1 μg/mL, as markers to identify poor

prognosis [7].

However, none of these studies focus on predictors of severe clinical course and fatal out-

come soon after hospital admission. In addition to being clinically relevant, such predictors

are crucial for early identification of high-risk individuals, as these patients may benefit from

early novel treatment strategies.

In a preliminary report, we presented clinical data from 50 patients hospitalized due to

COVID-19 [8]. In the present study, we retrospectively evaluated 125 COVID-19 patients

admitted to the University Hospital in Aachen, Germany. We compared patients with fatal

outcome versus survivors with a disease severity of ARDS or non-ARDS, and propose early

clinical markers that may help predict fatal outcome.

Methods

For the clinical description of the first 125 patients admitted with COVID-19 consecutively,

we retrospectively evaluated data from all patients admitted to the University Hospital in

Aachen, Germany, at the start of the SARS-CoV-2 pandemic on February 24th 2020, until July

30th. Observation of the first 50 patients has been described initially [8]. A diagnosis was made

based on a positive SARS-CoV-2 result in respiratory samples in our hospital, externally before

admission, or transferred from another hospital. Patients were either isolated under standard
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care or treated in our intensive care unit. The different treatment strategies and consequently

the group definition was defined by severity of the disease. Severity of ARDS was classified

according to the degree of hypoxia as defined by the “Berlin definition”. Patients with ARDS

were treated in our intensive care units. Patients without ARDS not needing intensive care

medicine were isolated under standard care. To identify potential predictors of clinical out-

come in COVID-19 patients, we focused on the analysis of various parameters in non-survi-

vors and survivors. Survivors were discharged from the hospital after treatment, whereas non-

survivors died in connection to COVID-19 disease.

Comorbidities (such as hypertension, overweight or obesity, pre-existing respiratory or car-

diovascular diseases, smoking, chronic kidney disease, malignancies, chronic liver disease),

and medications prescribed at the time of admission were recorded in hospital, or taken from

existing medical records. We evaluated early symptoms, as well as timing of initial physician

contact and hospitalization.

A body mass index (BMI) of 25 to< 30 kg/m2 was classified as overweight, and obesity

as� 30 kg/m2. Diabetes or prediabetes was defined by clinical history, medication and HbA1c

values� 6.5%, or� 5.7 to< 6.5%, respectively.

Febrile days were defined as the time from fever onset until the last documented value

above 38.5˚C.

Vital parameters presented in this study were taken between four and 24 hours following

hospital admission or intubation, with the worst values being depicted. Severity of ARDS was

defined using P/F-ratio, or the Horowitz index: an index below 100 mmHg defines severe

ARDS, below 200 mmHg moderate ARDS, and below 300 mmHg mild ARDS.

Diagnostics of viral infection was performed by broncho alveolar lavage (BAL) in each intu-

bated patient. In spontanous breathing patients, sputum was used for testing. Viral load was

determined by real-time (rt)-polymerase chain reaction (PCR) of the sample. The threshold

value Ct represents the time point, at which the exponential phase of amplification begins,

which therefore is inversely proportional to the virus concentration in the material and reflects

the relative difference in a logarithmic scale. The threshold value of the sample gene < 20 was

classified as high. Values > 30 were classified as low viral load, and values of 20 to< 30 were

medium. The same applies when serum, urine or stool were analysed for the presence of the

SARS-CoV-2 virus.

The blood tests after hospital admission were also analysed for white blood count and lym-

phopenia; the latter was diagnosed with relative lymphocyte counts below 22% using flow

cytometry and 25% using microscopic analysis, or with an absolute lymphocyte count below

1,0/nL. Further blood tests were analysed regularly as indicated, therefore patient numbers

vary between different time points in the figures, but the time point refers to the initial admis-

sion for each patient.

Further technical and imagery tests were performed based on clinical decision making and

evaluated in a standardized manner.

All parameters were tested for significance as described in the legends for all tables and fig-

ures. Nominal scaled parameters testing according to Fisher was performed, whereas ordinal

scaled variables were tested for normal distribution and the Welsh test was used. Otherwise

the Wilcoxon-Mann-Whitney-test was used. Categorial variables were tested by Pearson’s chi-

squared test. Data are presented as mean ± standard error of the mean or median values with

interquartile range (IQR) or confidence interval of 95%. Statistical significance was assumed

for a p-value of< 0.05. Statistical testing was performed with GraphPad Prism version 8.4.3

and R version 3.6.3, utilizing packages ggplot2 (3.3.2) for plots, tangram (0.7.1) for summary

statistics, base R generalized linear models (glm) for logistic regression and etm (1.1.1) for esti-

mating cumulative incidence functions.
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The event of intubation in days after symptom onset of all ARDS patients was estimated by

the Kaplan-Meier method and described for the specific outcome.

The study obtained an ethics approval from the ethics committee at the RWTH Aachen

Faculty of Medicine. All data were fully anonymized and patients provided informed written

consent.

Results

This cohort summarizes the first 125 COVID-19 patients in the University Hospital of Aachen.

Aachen was an epicenter of the disease in Germany, and is located close to Heinsberg, the area

in which the first serious outbreak was detected in Germany. 59 patients with ARDS were

treated in the intensive care unit, while 66 patients were admitted to a regular isolation ward.

At the time of this analysis, 38 of the 125 patients were deceased (30%), and 87 (70%) had been

discharged from hospital.

Patient characteristics

Baseline characteristics of the overall cohort and subgroups with ARDS and non-ARDS and

for the subgroups of non-survivors versus survivors are summarized in Table 1. In the overall

cohort, mean age was 66±1.2 years, and 30% were women. In the subgroups of ARDS and

non-ARDS patients survivors were younger compared to patients with fatal outcome (ARDS:

63.1±3.1 versus 66.2±4 years; p = 0.1; non-ARDS: 65.4±4.6 versus 78.8±5.7; p<0.01) (Table 2).

Main initial clinical findings included fever (72%), dyspnea and cough (55% each), and one

third of patients reported gastrointestinal symptoms. In the total population, the time from

onset of first clinical symptoms to hospitalization was 5.0±0.5 days. The time from symptom

onset to hospitalization was lower in patients with fatal outcome compared to survivors show-

ing a significant difference in the subgroup of non ARDS patients (5.5±1.5 vs. 2.4±2.4;

p = 0.04) (Table 2). Admission of ARDS patients on intensive care unit after symptom onset

was 9.0±0.9 days, they were intubated after 10.0±1.0 days after symptom onset. All patients

had comorbiditie, but in the performed univariate and multivariate logistic regression analysis

there were no highly significant differences in prevalence of arterial hypertension, pre-existing

respiratory diseases, pre-existing heart diseases or medications between patients with ARDS

compared to non-ARDS patients and between patients with fatal outcome compared to survi-

vors (Table 1).

Although there was no significant difference in the prevalence of diabetes or prediabetes

between subgroups, the BMI levels as a grade of overweight (BMI� 25 kg/m2) was signifi-

cantly higher in ARDS versus non-ARDS patients [28.6 (26.3–31.3) vs. 26.8 (23.9–29.8) kg/m2;

p = 0.01], but did not differ in survivors versus non-survivors [28.4 (24.7–32.6) vs. 28.6 (24.9–

31.0) kg/m2; p = 0.59]. Comparing a fatal outcome and survival for the subgroups of ARDS or

non ARDS patients showed no significant difference in BMI levels. The mean absolute differ-

ence in BMI between ARDS and non-ARDS patients was 1.8 kg/m2 (reflecting a difference of

about 10 kg between groups) and there was no difference in median BMI between non-survi-

vors and survivors, suggesting that BMI was associated with disease severity, but not with fatal

outcome.

Outcome predictors

Comparing patients with ARDS and non-ARDS, inflammatory parameters like CRP [205.3

(105.2–305.1) vs. 65.9 (25.1–112.8) mg/l; p<0.0001], PCT [0.7 (0.3–2.4) vs. 0.1 (0.1–0.2) ng/

ml; p<0.0001], and IL-6 [276.4 (105.1–366.6) vs. 62.1 (33.9–114.3) pg/ml; p = 0.0001] were sig-

nificantly higher, and lymphocytes [7.1 (4.6–10.7) vs. 11.5 (7.0–19.9)%; p = 0.003] were
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Table 1. Baseline characteristics of the different subgroups.

N (%) N (%)

Total

(N = 125)

ARDS patients

(N = 59)

Non-ARDS patients

(N = 66)

P values Non-Survivors

(N = 38)

Survivors

(N = 87)

P values

Subgroups

ARDS patients - - - - 26 (44) 33 (56) 0.001

Non-ARDS patients - - - - 12 (18) 54 (82)

Characteristics

Age—Mean (±SEM), years 66 (±1.2) 64 (±1.2) 68 (±2) 0.01 70 (±1.8) 65 (±1.5) 0.03

Female sex—N (%) 38 (30) 21 (36) 17 (26) 0.24 12 (32) 26 (30) 0.83

Comorbidities

Total 120 (96) 57 (97) 63 (95) >0.99 37 (97) 83 (95) >0.99

Arterial hypertension 90 (72) 42 (71) 48 (73) >0.99 32 (84) 58 (67) 0.05

Pre-existing respiratory disease 55 (44) 24 (41) 31 (47) 0.58 17 (45) 37 (43) 0.84

Pre-existing heart diseases 49 (39) 22 (37) 27 (41) 0.71 19 (50) 30 (34) 0.57

Overweight (BMI � 25 kg/m2, < 30

kg/m2)

42 (34) 22 (37) 25 (38) >0.99 12 (32) 35 (40) 0.42

Obesity (BMI� 30 kg/m2) 44 (35) 27 (46) 22 (33) 0.19 15 (39) 34 (39) >0.99

Chronic kidney disease 36 (29) 13 (22) 23 (35) 0.16 12 (32) 24 (28) 0.52

Smoking 34 (27) 12 (20) 22 (33) 0.11 7 (18) 28 (32) 0.13

Former smoking 16 (13) 5 (8) 11 (17) 0.19 5 (13) 11 (13) >0.99

Current smoking 18 (14) 7 (12) 11 (17) 0.61 2 (5) 17 (20) 0.05

Diabetes mellitus 31 (25) 12 (20) 19 (29) 0.30 13 (34) 19 (22) 0.18

Malignancy 31 (25) 11 (19) 20 (30) 0.15 10 (26) 21 (24) 0.82

Chronic liver failure 10 (8) 2 (3) 8 (12) 0.10 2 (5) 8 (9) 0.72

Chronic hepatitis 8 (6) 2 (3) 6 (9) 0.27 3 (8) 5 (6) 0.69

Peripheral aterial occlusive disease 8 (6) 4 (7) 4 (6) >0.99 3 (8) 5 (6) 0.69

Premedications

ACE-Inhibitors 31 (25) 10 (17) 21 (32) 0.06 9 (24) 22 (25) >0.99

Angiotensin-receptor blockers 32 (26) 16 (27) 16 (24) 0.83 10 (26) 22 (25) >0.99

Beta blocker 47 (38) 25 (42) 22 (33) 0.35 15 (39) 32 (37) 0.84

Calcium antagonists 34 (27) 12 (20) 22 (33) 0.11 6 (16) 28 (32) 0.07

Diuretics 50 (40) 18 (31) 32 (48) 0.04 15 (39) 35 (40) >0.99

Antidiabetics 27 (22) 8 (14) 19 (29) 0.05 9 (24) 18 (21) 0.81

Lipid-lowering agents 41 (33) 21 (36) 20 (30) 0.57 16 (42) 25 (29) 0.15

Antiplatelets 38 (30) 19 (32) 19 (29) 0.70 11 (29) 27 (31) >0.99

Anticoagulants 28 (22) 16 (27) 12 (18) 0.28 13 (34) 15 (17) 0.06

Inhaled bronchodilators 26 (21) 9 (15) 17 (26) 0.18 4 (11) 22 (25) 0.09

Inhaled glucocorticoids 22 (18) 10 (17) 12 (18) >0.99 3 (8) 9 (10) >0.99

Systemic glucocorticoids 8 (6) 3 (5) 5 (8) 0.72 3 (8) 5 (6) 0.69

Immunosuppressants 11 (9) 6 (10) 5 (8) 0.75 3 (8) 8 (9) >0.99

NSAR 24 (19) 12 (20) 12 (18) 0.82 5 (13) 19 (22) 0.32

Antibiotics 36 (29) 26 (44) 10 (15) 0.0006 12 (32) 24 (28) 0.67

Virostatics 9 (7) 8 (14) 1 (2) 0.01 2 (5) 7 (8) 0.72

Initial symptoms

Fever 90 (72) 45 (76) 45 (68) 0.32 27 (71) 63 (72) >0.99

Dyspnea 69 (55) 40 (68) 29 (44) 0.01 23 (61) 46 (53) 0.44

Cough 69 (55) 30 (51) 39 (59) 0.37 22 (58) 47 (54) 0.70

Gastrointestinal symptoms 44 (35) 20 (34) 24 (36) 0.85 9 (24) 35 (40) 0.10

Diarrhea 34 (27) 17 (29) 17 (26) 0.84 7 (18) 27 (31) 0.19

(Continued)
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Table 1. (Continued)

N (%) N (%)

Total

(N = 125)

ARDS patients

(N = 59)

Non-ARDS patients

(N = 66)

P values Non-Survivors

(N = 38)

Survivors

(N = 87)

P values

Emesis 11 (9) 6 (10) 5 (8) 0.75 4 (11) 7 (8) 0.73

Nausea 20 (16) 9 (15) 11 (17) >0.99 4 (11) 16 (18) 0.42

Fatigue 42 (34) 14 (24) 28 (42) 0.03 7 (18) 35 (40) 0.02

Tiredness 34 (27) 13 (22) 21 (32) 0.23 5 (13) 29 (33) 0.02

Myalgia 22 (18) 7 (12) 15 (23) 0.15 4 (11) 18 (21) 0.20

Loss of taste 19 (15) 5 (8) 14 (21) 0.07 2 (5) 17 (20) 0.05

Loss of smell 15 (12) 3 (5) 12 (18) 0.02 2 (5) 13 (15) 0.14

Sore throat 13 (10) 5 (8) 8 (12) 0.56 1 (3) 12 (14) 0.10

Headache 13 (10) 3 (5) 10 (15) 0.08 0 (0) 13 (15) 0.009

Angina pectoris 10 (8) 5 (8) 5 (8) >0.99 1 (3) 9 (10) 0.28

Pharyngalgia 7 (6) 3 (5) 4 (6) >0.99 0 (0) 7 (8) 0.10

Rhinorrhoea 4 (3) 2 (3) 2 (3) >0.99 0 (0) 4 (5) 0.31

Data in N (%) or Mean (±SEM). In ordinal scaled parameters testing for normal distribution and calculation of P values with Welch test or Wilcoxon-Mann-Whitney

test. P values of nominal scaled parameter calculated with Fisher’s exact test. SEM = standard error of the mean. ARDS = acute respiratory distress syndrome.

BMI = body mass index. ACE = angiotensin-converting enzyme. NSAR = non-steroidal anti rheumatics.

https://doi.org/10.1371/journal.pone.0246182.t001

Table 2. Fatal outcome and survival in ARDS and non ARDS patients.

ARDS non ARDS

Survivor (N = 33) Non-Survivor (N = 26) P value Survivor (N = 54) Non-Survivor (N = 12) P value

Characteristics

Age 63.1 [60.0–66.2] 66.2 [62.1–70.2] 0.102 65.4 [60.8–70.0] 78.8 [73.1–84.4] <0.012

Female Sex 11 (33.3%) 10 (38.5%) 0.681 15 (27.8%) 2 (16.7%) 0.431

Symptom onset to Hospitalisation 7.0 [5.0–9.1] 5.2 [2.7–7.7] 0.092 5.5 [4.0–6.9] 2.4 [0.0–4.8] 0.042

BMI 29.9 [28.2–31.7] 31.3 [28.2–34.5] 0.832 28.2 [26.6–29.8] 25.4 [22.3–28.5] 0.202

Comorbidities

Total 32 (97.0%) 25 (96.2%) 0.861 51 (94.4%) 12 (100.0%) 0.401

Arterial hypertension 21 (63.6%) 21 (80.8%) 0.151 37 (68.5%) 11 (91.7%) 0.101

Pre-existing respiratory disease 13 (39.4%) 11 (42.3%) 0.821 24 (44.4%) 6 (50.0%) 0.731

Pre-existing heart disease 10 (30.3%) 14 (53.8%) 0.071 22 (40.7%) 5 (41.7%) 0.951

Overweight (BMI = 25 kg/m2, < 30 kg/m2) 14 (42.4%) 8 (30.8%) 0.361 17 (34.0%) 3 (27.3%) 0.671

Obesity (BMI = 30 kg/m2) 15 (45.5%) 12 (46.2%) 0.961 15 (30.0%) 2 (18.2%) 0.431

Chronic kidney disease 6 (18.2%) 7 (26.9%) 0.421 18 (33.3%) 5 (41.7%) 0.581

Smoking 7 (35.0%) 4 (30.8%) 0.801 20 (64.5%) 3 (50.0%) 0.501

Former smoking 2 (10.0%) 2 (15.4%) 0.641 8 (25.8%) 3 (50.0%) 0.241

Current smoking 5 (25.0%) 2 (15.4%) 0.511 12 (38.7%) 0 (0.0%) 0.061

Diabetes mellitus 4 (12.1%) 9 (34.6%) 0.041 15 (27.8%) 3 (27.3%) 0.971

Malignancy 6 (18.2%) 5 (19.2%) 0.921 14 (26.4%) 5 (41.7%) 0.291

Chronic liver failure 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -

Chronic hepatitis 0 (0.0%) 1 (3.8%) 0.261 5 (9.3%) 0 (0.0%) 0.271

Peripheral arterial occlusive disease 2 (6.1%) 2 (7.7%) 0.801 3 (5.6%) 1 (8.3%) 0.721

Numeric parameters are expressed as median [95%CI], categorical as N(%).
1Pearson chi-squared.
2Mann-Whitney-U. ARDS = acute respiratory distress syndrome. BMI = body mass index.

https://doi.org/10.1371/journal.pone.0246182.t002
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significantly lower, at the time of hospital admission (Fig 1). Comparing non-survivors with

survivors, CRP [132.6 (39.6–287.2) vs. 88.5 (28.4–63.6) mg/l; p = 0.05], PCT [0.5 (0.1–2.1) vs.

0.1 (0.1–0.5) ng/ml; p = 0.02], IL-6 [306.8 (103.4–547.6) vs. 116.6 (44.2–186.4) pg/ml; p = 0.02]

and lymphocytes [6.0 (3.1–9.3) vs. 10.0 (7.0–16.1)%; p = 0.001] were numerically or even sig-

nificantly different (Fig 1). D-Dimers, as coagulation parameter, showed no significance

between survivors and non-survivors [3421 (1347–12046) vs. 1418 (956.5–5768.5) ng/ml;

p = 0.90], but in non ARDS patients D-Dimers in non-survivors were significantly higher

[1042.6 [683.8–1,401.5] vs. 10753.3 [-24120.8–45627.5]; p = 0.01]. In ARDS patients also com-

pared to non ARDS patients D-Dimers levels were significantly higher [3496.5 (1394.8–

8452.0) vs. 763.5 (613.3–939.0) ng/ml; p = 0.001]. LDH [435 (346.5–550.3) vs. 332 (263.3–

434.3) U/l] and urea [58 (34.0–80.5) vs. 39 (28.0–58.8) mg/dl] were significantly higher in

ARDS versus non-ARDS patients (both p<0.05). In addition, LDH [433 (332–544) vs. 369

(292.5–447.5) U/l; p = 0.45] and urea [53 (41–87) vs. 39 (27.8–67) mg/dl; p = 0.2] were differ-

ent comparing non-survivors versus survivors. In the uni- and multivariate logistic regressions

concerning predictive parameters a significance for smoking was observed (odds ratio: 0.07

[0.0–0.49], p = 0.025), there was no significance observed for other parameters like obesity,

COPD, Asthma bronchiale, obstructive sleep apnoea syndrome (OSAS), malignancy, hyper-

tension, heart disease, diabetes mellitus, chronic kidney disease and PAD (Fig 2).

Since an ongoing inflammatory reaction or „storm”has been discussed as a denominator

for clinical outcome [9, 10], we analysed temperature curves as an easy to assess clinical param-

eter of inflammation in this context. To this end, we calculated the respective area under the

fever curve in relative arbitrary units in relation to 37.5˚C, reflecting the “load” of fever (Fig 1E

and 1F). The comparison between survivors and non-survivors showed a marked and signifi-

cant difference in fever load (a 3.5-fold increase in relative arbitrary units; p<0.0001) between

these two groups, as a clinical indicator of inflammation (Fig 1F). With respect to viral load

(absolute copy number), there were no significant differences between non-survivors and sur-

vivors, but an extrapulmonary manifestation of SARS-CoV-2 in non-survivors was detected

significantly more often than in survivors (69% vs. 27%; p = 0.002) (Table 3). In addition,

detection of SARS-CoV-2 in serum at admission was associated with a significantly increased

risk of death (60% vs. 29%; p = 0.01) and a significantly more severe clinical course (60% vs.

17%, p = 0.0002) (Table 3). Interestingly, when patients were dichotomized according to

SARS-CoV-2 viremia, other potential risk indicators, such as platelet count over time, showed

a marked difference between non-survivors and survivors, suggesting that viremia has detri-

mental effects via various mechanisms (Fig 3).

Cumulative incidence analysis suggests that 50% of all non-survivors died within the first

20 days after the onset of symptoms (Fig 4A). In the subgroup of ARDS patients, 50% of all

non-survivors required intubation and invasive ventilation within the first 7 days of onset of

symptoms. In contrast, if there was no need for mechanical ventilation within 16 days of symp-

tom onset, 90% of patients survived (Fig 4B).

Discussion

This report of 125 patients hospitalized due to COVID-19 infection in Germany, is showing

an increased inflammatory burden and SARS-CoV-2 seropositivity as early markers in patients

with ARDS or for fatal outcome.

In different reports of large cohorts, mainly from China, Italy, or the US, comorbidities like

pulmonary and cardiovascular diseases, as well as diabetes and kidney diseases, have been pro-

posed as risk factors, or were associated with worse outcomes [5, 6, 11, 12]. Interestingly, in

our study, there were no highly significant differences in comorbidities between subgroups,
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although all patients had comorbidities; neither in ARDS versus non-ARDS patients, nor in

non-survivors versus survivors. This also applied for renin-angiotensin-aldosterone system

(RAAS)-inhibitor medication, as was recently reported by others [13, 14]. In our cohort, over-

weight and higher BMI was associated with severe clinical course of disease but not with fatal

outcome. This has not been reported previously, and might be due to most reports coming

from asian populations with a lower degree of overweight in general [15, 16]. However, the

prevalence of known or unknown diabetes and prediabetes were comparable between patients

with and without ARDS, and survivors and non-survivors. Additionally, there were no signifi-

cant differences in HbA1c levels, although a trend might exist. This must be further evaluated

in larger populations, as chronic elevated blood glucose levels may trigger an inflammatory

response and increased susceptibility to endothelium damage, which has been described post-

mortem as a characteristic feature of COVID-19 [12, 17, 18]. The most prominent difference

in survival between the subgroups, was time between symptom onset and hospitalization, with

patients who died having significantly less time between symptom onset and hospitalization.

Age was different in both investigated subgroups, confirming other data that increasing age is

associated with more progressive disease and fatal outcomes [5, 7].

Fig 1. Inflammatory burden compared in the different subgroups. (A) CRP (C reactive protein) in mg/l for each

individual with Median [IQR25; IQR75] of ARDS patients vs. Non-ARDS patients (orange, 205.3 [101.7; 309.0],

N = 46 vs. green, 65.9 [25.0; 113.0], N = 63), Non-Survivors vs. Survivors (black, 132.6 [38.0; 293.5], N = 33 vs. red, 88.4

[28.3; 168.9], N = 76). (B) PCT (Procalcitonin) in ng/ml for each individual with Median [IQR25; IQR75] of ARDS

patients vs. Non-ARDS patients (orange, 0.66 [0.3; 2.6], N = 52 vs. green, 0.1 [0.07; 0.18], N = 57), Non-Survivors vs

Survivors (black, 0.45 [0.11; 2.1], N = 34 vs. red, 0.14 [0.09; 0.47], N = 75). (C) Interleukin-6 in pg/ml for each

individual with Median [IQR25; IQR75] of ARDS patients vs. Non-ARDS patients (orange, 275.8 [103.4; 364.5],

N = 39 vs. green, 61.9 [28.5; 123.0], N = 19), Non-Survivors vs. Survivors (black, 306.8 [102.1; 594.6], N = 21 vs. red,

116.6 [43.9; 188.1], N = 37). (D) Lymphocytes in % for each individual with Median [IQR25; IQR75] of ARDS patients

vs. Non-ARDS patients (orange, 7.0 [4.2; 10.9], N = 48 vs. green, 11.5 [7.0; 20.5], N = 40), Non-Survivors vs. Survivors

(black, 6.0 [3.0; 9.6], N = 29 vs. red, 10.0 [7.0; 16.1], N = 59). (E) Mean temperature by hospital days of Non-Survivors

(black, Mean ± SEM, N = 3–34) and Survivors (red, Mean ± SEM, N = 33–81). (F) Area under the temperature curve

(see 1E) in relative arbitrary units with Mean ± SEM for Non-Survivors vs. Survivors (black, 9.7 ± 3.1, N = 3–34 vs. red,

2.7 ± 3.2, N = 33–81).

https://doi.org/10.1371/journal.pone.0246182.g001

Fig 2. The potential effect of risk factors on patient outcome. Plot of logistic regression with adjusted Odds Ratio

(point estimate and 95% CI) of different risk factors (logistic regression by means of base R Generalized Linear Model

(glm)). COPD: chronic obstructive lung disease, OSAS: obstructive sleep apnea syndrome, HTN: hypertension, DM2:

type 2 diabetes mellitus, CKD: chronic kidney disease, PAD: peripheral artery disease.

https://doi.org/10.1371/journal.pone.0246182.g002
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In order to identify discriminating early markers for severity and disease outcome at hospi-

tal admission, we observed significant differences in inflammatory markers. An increased

inflammatory reaction, or so called „cytokine storm“, has been previously described [9, 19],

and our data suggest that an early increase in these markers is associated with poor prognosis.

To further analyse the ongoing inflammatory burden, we used fever as an easy to assess clinical

indicator. The calculated area under the fever curve (fever load) was significantly different

between survivors and non-survivors, supporting the concept of a higher inflammatory

response and burden in patients with severe outcomes. In addition, elevated levels of urea in

patients at admission were associated with ARDS or fatal outcome, indicating a pronounced

catabolic state early on in the disease. Despite some reports and observations about peculiar

alterations in coagulation and thrombembolic events [20], we didn´t find any significant dif-

ferences in D-Dimer, INR or PTT at time of admission between survivors and non-survivors,

but D-Dimer were significantly higher in patients with than without ARDS.

Viral load dynamics in relation to disease severity has been reported recently [21]. Overall,

in our cohort viral load was comparable between all subgroups, but additional analyses

revealed that extrapulmonary SARS-CoV-2 detection, and especially viremia, was associated

with more severe disease and fatal outcome. Given this, it is worth mentioning that thrombo-

cytopenia has been reported in COVID-19 patients with poor outcomes [22–24]. In our study,

the number of thrombocytes were not different between subgroups on admission. However, in

patients with viremia—but not in those with SARS-CoV-2 RNA negative blood—thrombocyte

levels significantly diverged between survivors and non-survivors throughout the course of

disease. This might explain the difference to the studies cited above; the thrombocyte count

timing is important when comparing studies.

Table 3. Microbiological findings of the different subgroups.

N/N total (%) N/N total (%)

All patients

(N = 125)

ARDS patients

(N = 59)

non-ARDS patients

(N = 66)

P values Non-Survivors

(N = 38)

Survivors

(N = 87)

P values

Viral load

High 22/113 (19) 10/52 (19) 12/61 (20) >0.99 7/37 (19) 15/76 (20) >0.99

Medium 66/113 (58) 32/52 (62) 34/61 (56) 0.57 24/37 (65) 42/76 (55) 0.54

Low 25/113 (22) 10/52 (19) 15/61 (25) 0.64 6/37 (16) 19/76 (25) 0.33

Ct S-Gen—Median (IQR) 25.6 (20.7–29.4) 25.6 (20.7–29.3) 25.2 (20.2–29.7) 0.60 25,5 (20,8–29,4) 25,6 (20,6–29,4) 0.88

Viral detection

Pulmonary manifestation 107/123 (87) 46/58 (79) 61/65 (94) 0.02 34/38 (89) 73/85 (86) 0.77

positive out of hospital 18 (14) 11 (31) 7 (27) - 3 (8) 15 (17) -

Extrapulmonary

manifestation

40/95 (42) 27/53 (51) 13/42 (31) 0.06 18/26 (69) 18/66 (27) 0.002

Serum 27/71 (38) 21/35 (60) 6/36 (17) 0.0002 12/20 (60) 15/51 (29) 0.02

Stool 13/40 (33) 6/20 (30) 7/20 (35) >0.99 6/10 (60) 7/30 (23) 0.05

Urine 12/63 (19) 7/36 (19) 5/27 (19) >0.99 7/20 (35) 5/43 (12) 0.03

Bacterial detection

Blood culture 24/109 (22) 19/58 (33) 5/51 (10) 0.005 10/36 (28) 15/73 (21) 0.46

Urine culture 47/99 (47) 26/53 (49) 21/46 (46) 0.84 13/31 (42) 35/69 (51) 0.51

Data in N/N total (%) or Median (IQR). In ordinal scaled parameters testing for normal distribution and calculation of P values with Welch test or Wilcoxon-Mann-

Whitney test. P values of nominal scaled parameter calculated with Fisher’s exact test. SEM = standard error of the mean. ARDS = acute respiratory distress syndrome.

IQR = interquartile range. Ct = cyclic threshold.

https://doi.org/10.1371/journal.pone.0246182.t003
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It didn´t escape our attention that this is the first data of a tertiary care center in Germany,

which is currently able to provide sufficient intensive care to patients with COVID-19. At the

same time, the rather specific cohort of patients treated in our university hospital is the major

limitation of this study, the evidence and scientific contribution is rather descriptive. Further-

more, we are aware that some significant associations might be due to small numbers or lack

of multiple testing, for which we didn´t adjust. However, we hope that the results and conclu-

sions will incite further evaluation in different ongoing studies worldwide.

Fig 3. The potential impact on viremia on patient outcome via thrombocyte course. (A) Thrombocytes in 1/nl by hospital days for Non-Survivors (N = 4–28) and

Survivors (N = 9–57). (B) Thrombocytes in 1/nl by hospital days dichotomized by viremia (sero-positive on the left-hand side vs. sero-negative on the right-hand side)

for Non-Survivors (sero-positive: N = 4–7, sero-negative: N = 4–5) and Survivors (sero-positive N = 4–7, sero-negative N = 4–23). Patient numbers vary between

different time points in the figures, but the time point refers to the initial admission for each patient.

https://doi.org/10.1371/journal.pone.0246182.g003
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Study limitations

This study has several limitations. First, the character of retrospectively collected data limited

the completeness of the data and made missing data unavoidable. Second, recruitment of the

patients differed in the disease stage including patients with and without ARDS concerning

the onset of the disease. Some patients were transferred to our hospital from other ICUs

already diagnosed with ARDS. Third, Given the comparable small number of patients and

events further analyses including logistic regressions are limited in their potential to identify

significant relations.

In conclusion, we have identified early risk markers for a severe clinical course like ARDS

or fatal outcome in patients being hospitalized for COVID-19. Simple laboratory markers in

addition to SARS-CoV-2 viremia, age and time of symptom onset to hospitalization seems to

be feasible in predicting survival.
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