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Abstract: The aim of this study was to identify clinical and laboratory characteristics with impact on outcome of patients
with SARS-CoV2-Infection in a secondary care center in Germany. Therefore, a total of 69 hospitalized patients with COVID-
19, detected with positive Multiplex real-time PCR result, were recruited from March 2020 to May 2020 to investigate the
influence of comorbidities, demographic information and laboratory parameters on outcome. Data of routine laboratory
examinations of 57 patients were collected at admission to detect prognostic factors. Mean age of patients was 70.0 years (21-
99 years, median 74.0 years, SD 16,9). 28 patients (40,6%) had a severe course of disease (death and/or need for intensive care
medicine), 20 patients (29%) died. LDH > 460 U/l (p=0.004, OR 12.99, 95% CI 2.23-75.67), Diabetes mellitus (p=0.021, OR
9.53, 95% CI 1.14-64.48) and Troponin T > 38 pg/ml (p=0.026, OR 6.04, 95% CI 1.24-29.43) were associated with occurrence
of severe illness in multivariate analysis. Elevated Troponin T > 38 pg/ml (p=0.002, HR 8.22, 95% CI 2.19 — 30.88) and
Diabetes mellitus (p=0.05, HR 3.14, 95% CI 1 — 9.85) were also associated with death. Patients with these conditions should

be monitored closely.
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1. Introduction

In March 2020, COVID-19 pandemic spread around the
world with great impact on health care systems in all
countries. After a decline of incidences in the summer, a
second wave of infection began in autumn with higher
number of cases in Germany than before. Even though
vaccination is available by now, the pandemic is still not
averted and will persist for several months. Unlike other
entities of virus pneumonies, the disease course varies
strongly with some younger patients without comorbidities
developing ARDS and SIRS as well as older patients.
Furthermore, the diversity of symptoms is great. Besides
cough, shortness of breath, fever, GIl-symptoms like
diarrhea or abdominal pain, other major events in patients
with COVID-19 are arterial or venous thromboembolism,
neurological symptoms or kidney disease, which may be the
result of endothelial damage, caused by the virus. [36]
Studies of risk factors for severe disease particularly came
from China, Wuhan. Therefore, external validity of data for

other countries may be limited. Older age, hypertension,
high cytokine levels (IL-2R, IL-6, IL-10, and TNF-a), and
high lactate dehydrogenase level were significantly
associated with severe COVID-19 on admission [1]. An
analysis by the joint WHO-China fact-finding mission
found that patients older than 60 years and those with
comorbidities had the highest risk for severe disease and
death [2]. The case fatality rate (CFR) in patients without
comorbidities was 1.4%, whereas it was between 7.6% to
13.2% for patients with comorbidities such as
cardiovascular disease, diabetes, hypertension, chronic
respiratory disease and patients with cancer [3]. Clinical
prediction tools for pneumonia such as CRB-65 are
developed for bacterial infections but remain not applicable
in viral infections [4, 5]. To our knowledge, studies in
secondary care centers with different patient collectives
compared with patients of tertiary care centers do not exist
and there are no simple prediction rules for stratifying
patients. Hence, the aim of this study was to investigate risk
factors in a patient collective of a secondary care center to
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stratify patients into “high risk” and “low risk”.

2. Materials and Methods
2.1. Study Design

A retrospective single-center observational study was
conducted from March 2020 to May 2020 in Neumarkt city
hospital, Bavaria, Germany. The study was approved by the
responsible ethics committee.

We included all hospitalized patients with age > 18 years
and positive result of real-time reverse-transcription
polymerase chain reaction (RT-PCR) for detection of Severe
acute respiratory syndrome coronavirus type 2 (SARS-
CoV2). 69 patients had a positive PCR test in aforementioned
time period. 12 patients were hospitalized because of other
reasons and got infected due to the hospital stay, so they were
excluded from analysis of laboratory data at admission.
Laboratory results of 57 patients were investigated.

69 hospitalized patients
with positive PCR test for
SARS-CoV2 (03-05/2020),
analysis of symptoms and

comorbidities

57 patients hospitalized
because of COVID-19,
analysis of laboratory

parameters at admission

12 patients excluded from
analysis of laboratory
parameters, infected with
SARS-CoV2 secondary

Identified risk factors and
risk score

Testing the risk score in 63
hospitalized patients (11-
12/2020)

Figure 1. Study flow chart.
2.2. Data Collection

Nasal swabs were used for confirming COVID-19 with
RT-PCR using the Cellgene system. Data were collected on
admission including demographic information,
comorbidities, symptoms, laboratory examinations and CT
scanning of chest, when carried out. Length of stay and
outcome of each patient were recorded. Patients were
followed up by phone call after hospital discharge. Overall
mortality was defined as mortality within 60 days after
hospital admission.

2.3. Statistical Methods

Patients with COVID-19 were divided into high risk and
low risk group depending on course of disease. Disease
course with need for intensive care medicine and/or death
within 60 days after hospital admission was classified as
“severe”. Means with standard deviation (SD) were used to
characterize the patient sample. Univariate analysis was
initially used to compare risk factors separately. T-test was
used for comparing continuous variables while ¥* or Fisher’s
exact test were used for categorical data analysis, as
appropriate. Cut-off points were identified using Youden’s
index of receiver operator characteristic (ROC) and clinical
relevant cut-off levels respectively. The clinical and
laboratory variables with significant association with severe
disease and phi-values >0.36 as marker of effect size in
univariate analysis were retained for multivariate testing
using a logistic regression model. The clinical and laboratory
variables with significant association with death in univariate
analysis and phi > 0.3 were included in multivariate analysis
against overall mortality by a cox regression model with
backward elimination procedure (conditional likelihood ratio
test and elimination, if p > 0.1). Score points for each
predictor for severe disease were assigned relative to the
regression coefficient. The cut-off point of the total score for
the distinction between low risk and high risk was identified
following Youden’s index of receiver operator characteristic
(ROC). Sensitivity, specifity and the area under the receiver
operator characteristic (AUROC) were calculated (training
set). The risk score was evaluated in a testing set, for which
63 hospitalized patients with detected COVID-19 were
recruited from November, 1, 2020 to December, 15, 2020.
Sensitivity, specifity and the area under the receiver operator
characteristic (AUROC) of the score were calculated in the
testing set. Survival analysis was performed using Kaplan-
Meier analysis and log-rank-test between low risk and high
risk group. Further Kaplan-Meier analyses was performed for
testing each of the score variables to show impact on
survival. All tests were two sided and a p-value <0.05 was
considered significant. Statistical analysis was performed
using SPSS version 26.

3. Results
3.1. Patient Characteristics

Table 1 shows baseline characteristics of the different
patient groups. 55.1% of patients were male. Mean age was
70.0 years (21-99 years, median 74.0 years, SD 16,9), 72.5%
of patients were older than 65 years. Figure 1 shows
distribution of age. 15.9% of patients were hospitalized
because of other causes and infected with SARS-CoV2
secondary. 52 patients (75.4%) had comorbidities with
hypertension as the most commonly observed comorbidity
(68.1%), followed by chronic kidney disease (33.3%), atrial
fibrillation (27.5%) and diabetes mellitus (21.7%). 86.7%
(13/15) of the diabetics had diabetes type 2, one patient type
1 and another patient type 3e (6.7% in each case). 15.4% of
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patients with diabetes type 2 had a therapy with metformin.
46.7% of all diabetics were treated with insulin.

15.3% of patients had pulmonary disease. Respiratory
symptoms (dyspnea and cough, 79.7%) and fever (55.1%)
were most common, whereas GI-symptoms such as diarrhea
were observed in 33.3%. 20.3% had smoking history. 28
patients (40.6%) had a severe disease course with 16 patients

(23.2%) being admitted to intensive care unit (ICU). 20
patients (29%) died during hospital stay. The mean length of
stay was 22.9 days (range 100 days, SD 18.7 days). The
mean survival time of patients, who died, was 10.4 days (SD
8) after admission. Symptoms persisted at time of hospital
admission since 5.8 days (SD 4.6) on average.

Table 1. Population description and comparison between survivors/patients without need of intensive care medicine and patients who died within 60 days after

admission/ patients with severe disease course (admission to ICU and/or death).

Total population, n=69  Survivors, n=49 /Non severe, n=42 Severe disease, n=27 Deceased, n=20 p-value; ¢
Social-demographic details
66+174 79,9 £10.8 <0.001
+ 16.
Age 70169 67.38 + 17.48 74.11 +15.51 0.108
27 (55.1) 18 (90) 0.006; 0.332
Age >65 e 45 (65.2
B8 =00 YEAEs 652) 26 (61.9) 19 (70.4) 0.471
27 (55.1) 11 (55) 0.994
Male SRACERY 22 (52.4) 16 (59.3) 0.575
. . 9(18.4) 5(25) 0.534
Smoking history 14 (20.3) 6 (14.3) §(29.6) 0.122
Clinical features
26 (53.1) 12 (60) 0.599
Fever 38651 23 (54.8) 15 (55.6) 0.948
Lack of respiratory 14 (20.3) 12 (24.5) 2 (10) 0.322
symptoms ’ 12 (28.6) 2(7.4) 0.033; 0.257
16 (32.7) 7 (35) 0.895
1 t 23(33.3
GI symptoms (333) 15 (35.7) 8 (29.6) 0553
. 3(6.1) 2 (10) 0.627
Neurological symptoms 5(7.2) 3(.1) 2(7.4) 1.000
Bilateral pulmonary infiltrates 31 (44.9) 21 (42.9) 10 (50) 0.255
in CT scan of chest ’ 15 (35.7) 16 (59.3) 0.476
Sp0,<95% without O, — 37 (53.6) 26 (53.1) 11 (55) 0.346
supplementation® ’ 19 (45.2) 18 (66.7) 0.017; 0,301
S 22 (44.9) 13 (65) 0.130
ACE inhibitors/Sartans 35(50.7) 20 (47.6) 15 (55.6) 0520
7 (14.3) 8 (40) 0.027
I 15 (21.
cv @17 0 15 (55.6) -
Comorbidities
34 (69.4) 18 (90) 0.122
11° 52 (75.4
Overa 754) 31 (73.8) 21 (77.8) 0.709
. 5(10.2) 4(20) 0.431
Immunsuppressive therapy 9 (13.0) 5(11.9) 4(1438) 0.729
. 31(63.3) 16 (80) 0.176
Hypertension 47 (68.1) 28 (66.7) 19 (70.4) 0.747
Chronic kidney disease °* 10 (20.4) 13 (65) <0.001; 0.429
23 (33.3)
(stage >3) 8(19) 15 (55.6) 0.002; 0.378
. . 8(16.3) 5(25) 0.500
Chronic heart failure 13 (18.8) 7(16.7) 6(22.2) 0.565
Peripheral artery occlusive 4(58) 1(2) 3 (15) 0.070
disease ’ 0 4(14.8) 0.020; 0.309
. 5(10.2) 5(25) 0.140
Coronary heart disease 10 (14.5) 5(11.9) 5(18.5) 0497
. S 14 (28.6) 5(25) 0.763
Atrial fibrillation 19 (27.5) 14(33.3) 5(18.5) 0.179
Diabetes mellitus®* 15 21.7) 6(12.2) 9 (45) 0.008; 0.360
(all types) ’ 4 (9.5) 11 (40.7) 0.002; 0.369
. 5(10.2) 6 (30) 0.067
Pulmonary disease 11 (15.9) 3(.1) §(29.6) 0.019; 0.300

Continuous parameters presented as mean + SD, categorical data as n (%). All clinical data were collected on admission. p-value refers to the comparison of
patients with mild disease/survival group and patients with severe disease/death group. p-value <0.05 represents significant difference between the groups. ¢ =
effect size. °variables cited above were included in multivariate analysis against the endpoint “severe disease”. * variables cited above were included in the cox

regression model against the endpoint death. ICU= intensive care unit.
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Figure 2. Distribution of age.

Table 2. Comparison of laboratory parameters of survivors and non-survivors and of patients with mild disease and patients with severe disease.

Parameter Survivors / Non severe disease Overall death / Severe disease p-value
oo 0.94+ 0521 1110921 0.529
ymphocytes 0.95 = 0.55 1.05+0.80 0.565
13.23+2,25 11.79+2,6 0.041
Hemoglobin [g/dl ’ ’
emoglobin [g/dl] 1328 £231 12,11 +£2.48 0.073
, 136.74 + 4.42 138,38 + 8.91 0.490
Serum sodium [mmol/1]
138.18 + 7.66 138.04 £7.51 0312
< T— 433+0.75 4694061 0.093
erum potassium | mmo
P 423+0,54 475+ 0,89 0.007
Lactate [mg/dl] 18.19 = 5,64 27.63 14,22 0,045
m;
L 18.48 + 5,87 24.81 % 13,30 0.089
410.74 = 872,03 604.00 + 133814 0518
Creatine kinase [U/] ’ ’
reatine kinase [U/1] 399.62 + 919,08 570.00 + 1162,41 0.536
140+ 1,83 236+ 183 0.080
tini I ’ ’
Creatinine [mg/dl] 1.18 0,83 246271 0.043
, , 68.76 + 66,37 99.73 + 93,07 0.160
C-reactive protein [mg/1]
53.09 = 47,09 117.64 = 94.82 0.006
, 185+3.,16 426675 0219
D-Dimere [mg/1]
120+ 1,01 461 £ 6,69 0.035
379.28 + 198,60 449.13 + 184,85 0.226
tate deh: 1 ’ ’
Lactate dehydrogenase [U/1] 339.46 + 115,63 497.05 + 258 39 0.012
Alanine aminotransferase [U] 46.53 £ 4535 37.13 £ 52,85 0.501
ANMe ammotransierase 4227+ 43,65 46.86 + 53,64 0.721
, 29.58 42,92 143.18 + 172,09 0.036
Troponin T [pg/ml]
31.00 = 45,14 113.68 = 158,89 0.050

The bolded values are p-values <0.05, indicating significant difference between the subgroups in t-test
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3.2. Risk Factors of Severe Disease and Mortality

Patients with severe disease had significant higher values
of serum potassium (p=0.007), creatinine (p=0.043), C-
reactive protein (p=0.035), D-dimere (p=0.035) and lactate
dehydrogenase (p=0.012).

The subgroup of patients, who died, had significant lower
levels of hemoglobin (p=0.41) and higher levels of lactate
(P=0.045) and Troponin T (=.036). Table 2 shows the
comparison of laboratory parameters between the subgroups.

After defining cut off points using ROC-analysis or
clinical relevant cut off values, univariate analysis with ¥ or
Fisher’s exact test was performed to compare the different
subgroups, as shown in table 3.

Table 3. Univariate association analysis of categorized laboratory
parameters and severe disease or death.

p-value; ¢
Parameter

Severe Death
Serum potassium >4.7 mmol/I* 0.041; 0.307 0.011; 0.355
ANa“ >6.5 mmol/l 0.070 0.205
CRP > 49 mg/dI° 0.017; 0.380 0.312
LDH > 460 U/I°* <0.001; 0.476 0.023;0.314
D-Dimere > 1.5 0.009; 0.358 0.270
Hemoglobine <12 g/dl 0.114 0.050
Lactate > 22 mmol/l 0.287 0.052
Troponin T > 38 pg/ml°* 0.004; 0.413 <0.001; 0.571

The bolded p-values are significant (p<0.05). °variables cited above were
included in multivariate analysis against the endpoint “severe disease”. *
variables cited above were included in the cox regression model against the
endpoint death. ICU= intensive care unit.

Table 4. Multivariate, logistic regression model associated with severe
course of disease (p<0.001).

Parameter p-value Zz%;teiscsiz(:lli B Odds (95% CI) Score
LDH > 460 U/l 0,004 2.564 12.99 (2.23-75.67) 3
DM 0,021 2.254 9.53(1.41-64.48) 2
Trop T 0.026 1.798 6.04 (1.24-29.43) 1

Table 5. Risk-score, sensitivity and specifity, training set.

Total score n Severe disease (%) Sensitivity  Specifity
0 23 2 (8.7) 1.0 0

1 11 3(27.3) 0.909 0.568

2 4 1(25) 0.773 0.784

3 12 8 (66.7) 0.727 0.865

4 5 4 (80) 0.364 0.973

5 0 - - -

6 4 4 (100) .182 1.0

The boulded value represents the cut off level following Youden's index of
receiver operator curve.

The following categorical variables were entered in a
stepwise logistic regression analysis against severe disease:
LDH>460 U/l, Troponin T >38 pg/ml, CRP>49 mg/dl,
chronic kidney disease (stage>3), diabetes mellitus. Table 4
shows the significant variables of the model and the
corresponding regression coefficients. Relative weights of the

different variables were assigned approximatively according
to the Odds ratio to create a simple risk stratification score.
Sensitivity and specifity are 0.727 and 0.865 for a cut off
value of 3 points, as shown in table 5. Negative predictive
value of a total score <3 is 0.842, positive predictive value is
0.762 for severe disease. AUROC of the score is 0.851 (95%
CI 0.745 - 0.956), p<0.001.

Sensitivity ROC Curve

10

08

06

o4

02

oo 02 04 0E o8 1,0
1- Specifity

Figure 3. ROC curve of the risk score in the training set. AUROC is 0.851
(95% C10.745 - 0.956), p<0.001.

Patients with at least 3 points of the risk-score in the
training set are classified as high risk group for severe
disease with need for intensive care medicine and/or death
within 60 days after admission. The score was evaluated in a
second patient cohort (63 patients hospitalized from 11-2020
to 12-2020). Values of sensitivity and specifity of the risk
score in the testing set are shown in table 6, corresponding
ROC curves in figure 5. Negative predictive value of a score
<3 is 0.8 (0.867 for endpoint “severe disease within five days
after admission”), positive predictive value (score >3) is
0.647 for severe disease (endpoint sever disease overall;
0.588 for endpoint “severe disease within five days after
admission”). The Kaplan-Meier survival curve, referring to
the initial patient cohort (training set), is shown in figure 5.
Log rank test showed significant difference between the
groups (p=0.001).

Table 6. Risk-score, sensitivity and specifity, testing set.

a. endpoint “severe disease”

Total score N (63)  Severe disease (%)  Sensitivity  Specifity
0 27 4 (14.8) 1.0 0

1 7 3(42.9) 0.810 0.548

2 12 3(25) 0.667 0.643

3 13 8 (61.5) 0.524 0.857

4 3 2 (66.7) 0.143 0.976

5 1 1 (100) 0.048 1.0

6 0 - - -




b. endpoint “severe disease within five days after admission”
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0 27 4(14.8) 1.0 0

1 7 3 (42.9) 0.824 0.522
2 12 3(25) 0.706 0.63
3 13 8 (61.5) 0.588 0.848
4 3 2 (66.7) 0.176 0.978
5 1 1 (100) 0.059 1.0

6 0 - - -

In a subgroup analysis of patients, who died, the following
ROC Curve

Sensitivity

1.0

08

06

04

02

04

06

1-Specifity

08 1.0

parameters were entered in a cox regression model against
the endpoint “death”: Age>65 years, Diabetes mellitus,
elevated Troponin T > 38pg/ml, elevated LDH > 460 U/,
chronic kidney disease (stage >3), serum potassium > 4.7
mmol/l. The parameters, shown in table 7, remained in the
model. Figures 6 and 7 show the impact on survival of each
Troponin > 38 pg/ml and Diabetes mellitus, figure 8 shows
survival of patients with Diabetes mellitus and elevated
Troponin T > 38 pg/ml.

Sensitivity

10

05

a6

o4

02|/

ROC Curve

0,2 04 06 08 10

1-Specifity

Figure 4. ROC curves of the risk score in the testing set. Left side: characteristic curve for prediction of overall-risk of severe disease (AUROC= 0.735, 95%

CI 0.601 — 0.870, p=0.002). Right side: characteristic curve for prediction of risk of severe disease with onset within 5 days after hospital admission
(AUROC=0.752, 95% CI 0.609 — 0.895, p=0.002).

Survival

1.0
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0.0

— O risk score <3
+ —1 1 risk score =3
0 - censored
“T7 1 - censored

20
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Time (days)

40

a0
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Figure 5. Survival of patients of the training set with at least 3 points of the risk-score compared with patients with low risk (p<0.001). Median survival is 18

days (95% CI 0-53.89).
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Table 7. Risk factors for death in a Cox-regression model after fourfold stepwise elimination of variables; p<0.001.

p-Value Hazard 95% CI
Troponin T>38 pg/ml 0.002 8.22 2.19-30.88
DM 0.05 3.14 1-9.85

The bolded values are significant (p<0.05)

Survival
1,0 |
0 Trop T <38 pg/ml
+ — 1Trop T >38 pg/ml
0 - censored
03 T 1-censored
06
04 1
02
00
0 10 20 30 40 =0 &0

Time (days)

Figure 6. Impact on survival of elevated Troponin T levels > 38 pg/ml. Log rank test: p<0.001. Median survival of patients with elevated Troponin T > 38
pg/mlis 16 days (95% CI 0 — 35,6).

Survival
10 1
— 0 no Diabetes mellitus
_ 1 1Diabetes mellitus

: |~ 0-censored
08 : ! 4+t 1-censored
0,6
0,4 4
0,2
0,0

0 10 20 30 40 50 60

Time (days)

Figure 7. Impact on survival of Diabetes mellitus as a comorbidity. Median survival of patients with Diabetes mellitus is 16 days (95% CI 8,43 — 23,57). Log
rank test: p=0.002.
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Survival

08

08

04

02

00

Diabetes and elevated Trop T

0 10 20 30 40

Time (days)

1 0=no
I 1l=yes
0 - censored
= ~T 1-censored
50 60

Figure 8. Survival of patients with Diabetes mellitus and elevated Troponin T > 38 pg/ml. Median survival is 8 days (95% CI 1.56-14.44). Log rank test:

Pp<0.001.

4. Discussion

In times of increasing incidence of COVID-19, it is
important to detect patients with risk for severe illness and to
prioritize the limited resources. Most studies of risk factors
come from China and results might differ in the western
countries. Furthermore, patient cohorts of secondary and
tertiary care centers are not directly comparable, as patients
with severe illness are in the majority of cases primarily
hospitalized in centers with intensive care units providing
extracorporal membrane oxygenation. To date, studies from
secondary care center do not exist.

In this study, three significant and independent parameters
for severe disease were found: elevated Troponin T >38
ng/ml, elevated LDH > 460 U/l and Diabetes mellitus. In a
review about predicting factors in COVID-19, 60 risk factors
were described across 17 publications. Increasing values of
age, D-dimer, C-reactive protein, sequential organ failure
assessment (SOFA) score, body temperature, decreasing
albumin and a history of diabetes were classified as the risk
factors with the highest consistency as predictors for
COVID-19 severity [7].

Elevated lactate dehydrogenase in serum is referred as a
risk factor for severe disease of mid-range consistency [7, 15,
16]. In a study of China, the cut off — value of LDH was 245
U/l [15]. With a cut off — value of 460 U/l following
Youden’s Index of receiver operator curve, elevated LDH
was the parameter with the second highest regression
coefficient in our cohort.

Besides age, comorbidities are commonly known as most
important risk factors for worse outcome with diabetes being
one of the most critical chronic illness [7, 15]. The risk for

severe disease in viral infections was already seen in the
HINI influenza pandemic in 2009, in which patients with
diabetes were described as a key susceptibility group for
severe HINT1 infections in several studies [17, 18]. There is
growing evidence that glycemic fluctuations play an
important role in endothelial dysfunction, so glycemic
control is very important [19]. Besides immune
compromising effects, Diabetes may also deteriorate
outcomes in COVID-19 because of increased ACE-2- and
Furin- expression, which facilitates entry of coronaviruses
into the cells [18, 20]. Furin is a type-1 membrane-bound
protease, member of the proprotein  convertase
subtilisin/kexin family (PCSK) and is involved in the entry
mechanism of corona viruses [21]. Furthermore, IL-6 is
increased in patients with diabetes and high IL-6-levels are
associated with bad outcome [22]. T-cell function may be
impaired in patients with diabetes [23].

Metformin has been described to reduce mortality in
diabetics with COVID-19 compared with patients with type 2
diabetes without biguanid therapy in a few observational
studies [39-42]. In one study, patients, treated with
metformin, had a significantly lower increase in interleukin-6
[41]. Due to its anti-inflammatory activity, Metformin could
play a role in patients with diabetes mellitus type 2 and
COVID-19, but further investigations and randomized
controlled trials are needed to elucidate the effect on
prognosis [39, 43].

In our cohort, Diabetes is associated with both severe
disease and death, independently. Diabetes is the risk factor
with the highest odds ratio for severe disease (17.81 (95% CI
1.21-263.04)). Taking into account the high prevalence of
this chronic disease, it may be the risk factor with the greatest
impact on the COVID-19 pandemic, so it is important to take
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care about diabetics with COVID-19 in particular. Only two
of fifteen patients with diabetes used metformin before
hospital admission, so aforementioned influence on outcome
cannot be investigated in our population.

Available data for patients with COPD is contradictory,
maybe because of the underrepresentation of these patients in
ICU-settings due to their poor prognosis. However, patients
with COPD are considered as high risk group and as
particularly susceptible to SARS-CoV2-infection with worse
prognosis [34].

Interestingly, patients with severe illness tended to an
increase of serum sodium level in the course of the disease
(p=0.070). This may be the effect of uncontrolled RAAS-
activation because of down regulation of the ACE2 receptor
after endocytosis of the viral complex with consecutive
unbraked Angiotensin-II activity, which may contribute to
acute lung injury [24, 25]. As in previous studies described,
we see no association of the use of RAAS-inhibitors with
death or severe disease [26].

A reduction of ACE2 expression by endothelial cells leads
to reduced generation of Ang 1-7 and reduced activation of
MAS, which promotes a local pro-thrombotic endothelial cell
phenotype. Furthermore, reduced expression of ACE2 might
indirectly activate the kallikrein—kinin system (KKS), which
leads to increased pro-thrombotic signalling via the
activation of bradykinin receptors (BKRs) [27-29]. Pro-
thrombotic condition is a risk factor for myocardial events.
Myocardial injury is seen more frequently in patients with
COVID-19, who die [30]. Generally cardiac complications
are associated with a 60% increase in pneumonia-associated
short-term mortality in community acquired pneumonias
[31]. Whether SARS-CoV-2 directly damages myocardial
cells after entry via ACE2 or myocardial injury results from
inflammatory mediators, is not known [32]. Inflammation
plays an important role in acute myocard infarction. In an
autopsy study, a significant higher number of inflammatory
cells in coronary adventitia was found and this was
associated with an increase of incidence of myocardial
infarction [33]. Given the pro-thrombotic predisposition in
patients with COVID-19, this effect may be aggravated. In
accordance with previous findings, elevated levels of high
sensitive Troponin is an independent risk factor for death in
our cohort [30].

In contrast to other viral infections, some patients develop
significant elevation of serum levels of CRP. In autopsy
studies, a high number of macrophages was found in lung
areas of bronchopneumonia as well as in marginal sinuses of
hilar lymph nodes and the marginal zone of the spleen with
overexpression of IL-6, suggesting that macrophages may
contribute to the overactivation of the immune response
leading to a cytokine storm [10-12]. The cytokine storm is
seen in patients with severe disease and is associated with
poor outcome [13]. CRP is described to increase at the initial
stage in patients with severe COVID-19 and is associated
with disease development [14]. However, elevated CRP
levels were significantly associated with severe illness only
in univariate analysis in our study.

As for age, we could see a significant association of
older age with death, but there was no association with
“severe disease” and, furthermore, age was excluded in
multivariate cox regression model because of lack of
significance. Age >65 years as a predisposing factor for
adverse outcome in COVID-19 was described in several
studies and meta-analyses and is generally known as a risk
factor for severe bacterial or viral pneumonia [5, 7, §, 9,
15, 35]. It may affect the immune system as well as
comorbidities.

To date, there is no simple risk stratification tool that
allows distinguishing patients with COVID-19 at high
respectively low risk in a few minutes. Laboratory
parameters, used for a score, should be measured routinely to
get the result as quickly as possible. Risk stratification tools
like the CURB-65 may not be applicable for patients with
COVID-19 because of the special pathophysiology of the
disease with wide clinical and immunological spectrum [8].
For assessing the MuLSBTA Score, developed for patients
with viral pneumonia, information of bacterial coinfection
with positive blood cultures or sputum cultures is needed, but
these results do not exist at admission [5]. COVID-GRAM is
a risk score with ten items and an AUC in the validation
cohort of 0.88 (95% CI, 0.84-0.93), which was better than the
CURB-65, but patient cohorts come from china.
Furthermore, the score cannot be used easily in emergency
room without internet access in a few minutes [6]. In this
study, the risk score consisting of the three identified risk
factors for severe disease - elevated LDH < 460 U/1, elevated
Troponin T > 38 pg/ml and presence of Diabetes mellitus,
determined at time of hospital admission - had an acceptable
sensitivity (0.727) and specifity (0.865) in the training group,
but lacked sensitivity in the validation group (0.524, PPV
0.647). The specifity was acceptable (0.857) with a negative
predicting value of 0.8. Refering to the combined endpoint
(intensive care and/or death) with onset within five days after
admission, sensitivity was  slightly better (0.588,
AUC=0.752). This could be explained by the different stages
of disease at time of hospital admission, because respiratory
insufficiency and ARDS are described to occur about two
weeks after disease onset [37]. However, these significant
parameters are available in every emergency room and can be
assessed shortly. They may help to identify patients at higher
risk for severe disease and conversely can help to classify
patients with low risk for death and low probability of need
for intensive care medicine albeit the risk cannot be
excluded. One should take into account the different stages of
disease and the possibility of low values of LDH and
Troponin at initial presentation of the patients, so repetitive
testing is recommended.

There are several limitations of this study. First, the case
number with 69 patients is low. Analysis of laboratory
parameters at admission is performed for only 57 patients
because of secondary in-house -infections with SARS-CoV2
in 12 cases. Not all investigated laboratory parameters were
available in every patient. Because of the low patient number,
not all significant parameters of the univariate association
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analysis of patients with severe disease or death could be
included in the regression model. Pulmonary diseases for
example were not included in the regression model.
Furthermore, adjustment for age is not conducted, given the
constricted age distribution and low case number. Secondly,
as mentioned above, patients presented with different
duration of infection, so laboratory parameters at time of
hospital admission may represent different disease stages.
Concerning the testing set with 63 patients for the evaluation
of the risk score, some patients were treated with
dexamethasone unlike the initial patient cohort, because
evidence changed in a few months and treatment regimens
were adjusted, wherefore both patient collectives are not
directly comparable. This could be one of the reasons for the
discrepancy of both ROC curves of the risk score in the
training and the testing set.

5. Conclusion

COVID-19 is a complex infectious disease with variable
courses and miscellaneous symptoms. It is important to
identify patients at higher risk for severe illness early and to
monitor them closely. Conversely, the knowledge of
parameters, which indicate a mild disease, is useful to decide,
whether in-patients can be admitted to a ward without
respirators or not, especially in times of limited capacities of
intensive care units. Elevated levels of LDH (>460 U/l)
and/or Troponin T (>38 pg/ml) at hospital admission as well
as the presence of Diabetes mellitus are relevant parameters
with predictive ability in patients with COVID-19, which can
help stratifying hospitalized patients into different risk
groups. In this connection, diabetics with elevated levels of
Troponin T should be considered as high risk group. Risk
stratification tools should be simply and quickly applicable in
emergency rooms. Therefore, the use of routine laboratory
parameters, as mentioned above, is reasonable. Further
studies with greater number of patients are needed to develop
a risk stratification tool with high sensitivity and specifity in
predicting the outcome of patients with COVID-19, so that
therapies (e.g. with dexamethasone) start earlier and
prognosis gets better.
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