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Abstract 

Background:  Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) constitutes a major health burden worldwide due to high mortality rates and hospital bed shortages. 
SARS-CoV-2 infection is associated with several laboratory abnormalities. We aimed to develop and validate a risk 
score based on simple demographic and laboratory data that could be used on admission in patients with SARS-
CoV-2 infection to predict in-hospital mortality.

Methods:  Three cohorts of patients from different hospitals were studied consecutively (developing, validation, and 
prospective cohorts). The following demographic and laboratory data were obtained from medical records: sex, age, 
hemoglobin, mean corpuscular volume (MCV), platelets, leukocytes, sodium, potassium, creatinine, and C-reactive 
protein (CRP). For each variable, classification and regression tree analysis were used to establish the cut-off point(s) 
associated with in-hospital mortality outcome based on data from developing cohort and before they were used for 
analysis in the validation and prospective cohort. The covid-19 score was calculated as a sum of cut-off points associ‑
ated with mortality outcome.

Results:  The developing, validation, and prospective cohorts included 129, 239, and 497 patients, respectively 
(median age, 71, 67, and 70 years, respectively). The following cut of points associated with in-hospital mortality: 
age > 56 years, male sex, hemoglobin < 10.55 g/dL, MCV > 92.9 fL, leukocyte count > 9.635 or < 2.64 103/µL, plate‑
let count, < 81.49 or > 315.5 103/µL, CRP > 51.14 mg/dL, creatinine > 1.115 mg/dL, sodium < 134.7 or > 145.4 mEq/L, 
and potassium < 3.65 or > 6.255 mEq/L. The AUC of the covid-19 score for predicting in-hospital mortality was 0.89 
(0.84–0.95), 0.850 (0.75–0.88), and 0.773 (0.731–0.816) in the developing, validation, and prospective cohorts, respec‑
tively (P < 0.001The mortality of the prospective cohort stratified on the basis of the covid-19 score was as follows: 0–2 
points,4.2%; 3 points, 15%; 4 points, 29%; 5 points, 38.2%; 6 and more points, 60%.
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Background
Coronavirus disease 2019 (COVID-19) is a current 
global pandemic caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) [1]. The clini-
cal spectrum of COVID-19 ranges from asymptomatic 
infection to a severe or even fatal disease in some cases.
COVID-19 poses an enormous challenge to healthcare 
systems. The hospitalization rate is high, and there is a 
significant shortage of intensive care unit (ICU) beds 
in some countries [2]. The early stratification of mor-
tality risk may facilitate decision-making about hospi-
talization and referral to the ICU. Clinical evaluation 
of the patient on hospital admission, often involving 
collection of demographic data as well as laboratory 
and radiologic findings, is one of the methods of risk 
stratification [3–5]. However, the evaluation of clinical 
data is susceptible to observer bias. Moreover, in real-
life conditions, some data may be overlooked due to 
excessive workload of the medical personnel [6]. On the 
other hand, laboratory tests are less prone to bias. They 
provide objective results that allow clinicians to make 
quick decisions about patient care. As such, they play 
an important role in the decision-making process in 
almost all diseases.

The aim of the study was to develop and validate a 
simple scoring system (covid-19 score) based on demo-
graphic data and routine laboratory measurements 
on admission to predict the risk of death in hospital-
ized patients with COVID-19. The covid-19 score using 
simple observer-independent parameters might facili-
tate the stratification of patients with COVID-19 who 
are at increased risk of in-hospital death. Moreover, it 
might be useful for identifying homogeneous groups of 
patients for efficiency comparisons between different 
healthcare systems.

Methods
Participants
Study participants came from 3 different hospitals in 
Poland. The developing cohort consisted of 129 patients 
from County Hospital in Boleslawiec, treated between 
March and July 2020. The validation cohort included 
239 patients from Regional Specialist Hospital in Wro-
claw, treated between June and August 15, 2020. Finally, 
the prospective cohort consisted of 497 patients from 
the 4th Military Hospital in Wroclaw, treated between 
October and December 2020.

Electronic medical records were searched to retrieve 
demographic data (age and sex) as well as laboratory 
findings on admission (hemoglobin, creatinine, potas-
sium, sodium, and C-reactive protein [CRP] levels, 
mean corpuscular volume (MCV), platelet and leuko-
cyte count), as well as the mode of discharge.

The inclusion criterion was the diagnosis of SARS-
CoV-2 infection confirmed by a reverse transcriptase-
polymerase chain reaction test of a nasopharyngeal 
swab. The exclusion criteria were as follows: lack of any 
of the studied laboratory parameters, patient transfer to 
another hospital, discharge against medical advice, or 
leaving the hospital without being discharged.

Risk assessment tool
A classification and regression tree (CART) analysis 
was used to establish the cut-off points for each vari-
able that were associated with mortality outcome. The 
CART analysis provides rules that predict an outcome 
variable from explanatory variables. For each variable, 
we selected a cut-off point which was a split crite-
rion that divided the developing cohort into the most 
homogenous subgroups in terms of in-hospital sur-
vival. The analysis was performed separately for each 
independent variable. The first split criterion was used 
as a cut-off point. However, for laboratory variables 
expected to have a poor prognosis of the extreme val-
ues of the range, the second split criterion was also 
chosen as the cut-off point. Each variable that was 
within the threshold associated with mortality outcome 
was assigned 1 point. The covid-19 score was calcu-
lated as the sum of points for each analyzed parameter. 
Global Cross validation cost and its standard deviation 
were calculated.

The area under the receiver operating characteristic 
curve (AUC) of the covid-19 score for predicting in-
hospital mortality was calculated in the developing, 
validation, and prospective cohorts.

The cut-off points used for generating the score were 
established after obtaining data from the developing 
cohort and before they were used for analysis in the 
validation and prospective cohort. The outcome was in-
hospital mortality.

The study was approved by Bioethics Committee of 
Wroclaw Medical University (No/ 275/2020). The rou-
tine data to develop the prediction model was collected 
retrospectively; therefore, written informed consent to 

Conclusion:  The covid-19 score based on simple demographic and laboratory parameters may become an easy-to-
use, widely accessible, and objective tool for predicting mortality in hospitalized patients with SARS-CoV-2 infection.



Page 3 of 10Obremska et al. BMC Infect Dis          (2021) 21:945 	

participate in the study was not required. The Bioeth-
ics Committee approved the publication of anonymized 
data.

Statistical analysis
Continuous variables were presented as means and 
standard deviations or medians and interquartile ranges 
according to their distribution, and were compared 
with the Student’s t-test or the Mann–Whitney U test. 
Discrete variables were presented as numbers and per-
centages and compared with the chi-squared test. The 
CART analysis was used to identify the cut-off points to 
differentiate between survivors and nonsurvivors, and 
one point was assigned for each variable that was asso-
ciated with mortality outcome. The receiver operating 
characteristic (ROC) curve analysis was used to validate 
the prediction model. A P value of less than 0.05 was 
regarded as significant.

Statistical analysis was performed using the  Statistica 
13.3 software (TIBCO Software Inc., Palo Alto, Califor-
nia, United States).

Results
We collected demographic and laboratory data for devel-
oping, validation, and prospective cohorts. The median 
age of the developing, validation, and prospective cohorts 
was 71, 67, and 70 years, respectively, and the percentage 

of male participants was 43%, 56.1%, and 58.8%, respec-
tively. Detailed data are presented in Table 1. The mortal-
ity rate was similar in developing and prospective cohort 
(34.9% vs 29%, P = 0.18) but in validation cohort was sig-
nificantly lower (18.8%) than in developing and prospec-
tive cohort ( respectively P < 0.001and P = 0.004).

The cut-off points for predicting in-hospital mortality 
in the developing cohort obtained from CART analysis 
are presented in Table  2. The distribution of a covid-19 
score in the study cohorts ware presented in Fig. 1.

The ROC curve for the prediction of mortality using 
the covid-19 score in the developing cohort is presented 
in Fig. 2. The AUC of the covid-19 -score for predicting 
in-hospital mortality was 0.89 (0.84–0.95), P < 0.001. In 
the validation cohort, the AUC was 0.850 (0.75–0.88), 
P < 0.001 (Fig.  3). The ROC curve for the prediction of 
mortality in the prospective cohort is presented in Fig. 4. 
The AUC of the covid-19 score in the prospective cohort 
was 0.773 (0.731–0.816), P < 0.001.

The distribution of survivors and non-survivors in the pro-
spective cohort according to the covid-19 score is presented 
in Table 3. The covid-19 score showed higher sensitivity than 
specificity for predicting in-hospital mortality (Table 3).

Based on the obtained results, we developed a model 
to calculate the covid-19 score and predict the risk of in-
hospital death in patients with SARS-CoV-2 infection 
(Fig. 5).

Table 1  Demographic and laboratory data in the study cohorts

IQR interquartile range

Variable Developing cohort 
(n = 129)

Validation cohort 
(n = 239)

Prospective 
cohort 
(n = 497)

P value 
(developing vs 
validation cohort)

P value 
(developing 
vs prospective 
cohort)

P value (validation 
vs prospective 
cohort)

Age (years), median 
(IQR)

71 (57–79) 67 (53–95) 70 (56–81) p < 0.03 0.99 p < 0.004

Male sex, n (%) 56 (43.0) 134 (56.1) 292 (58.8) 0.12 p < 0.02 0.99

Hemoglobin level 
(g/dL), median (IQR)

12.9 (10.7–14.2) 13.6 (12.4–14.8) 13.2 (11.8–14.5) p < 0.001 p < 0.048 p < 0.046

Mean corpuscular 
volume (fL), median 
(IQR)

87.2 (83.6–91.1) 88.6 (86.2–91.5) 90.2 (86.9–94.0) p < 0.027 p < 0.001 p < 0.001

Leukocyte count, 
(103/µL), median 
(IQR)

6.8 (4.9–9.5) 6.2 (4.8–8.8) 8.1 (5.9–11.3) 0.56  < 0.001 p < 0.001

Platelet count (103/
µL), median (IQR)

192 (151–258) 207 (168–259) 215 (167–287) 0.50 0.07 0.99

C-reactive protein 
(mg/dL), median 
(IQR)

63.2 (18.5–132.7) 44.8 (10.0–102.1) 48.4 (10.2–123.5) 0.12 0.11 0.99

Creatinine, mg/dL 1.01 (0.76–1.54) 0.90 (0.75–1.12) 1.16 (0.93–1.53)  < 0.001 0.007 0.001

Sodium (mEq/L), 
median (IQR)

135.7 (132.4–138.7) 140.9 (138.9–142.9) 137 (134–140) p < 0.001 p < 0.04 p < 0.001

Potassium (mEq/L), 
median (IQR)

4.1 (3.8–4.5) 4.2 (3.9–4.6) 4.0 (3.7–4.4) 0.85 p < 0.014 p < 0.001
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Discussion
The main finding of this study is that simple demo-
graphic characteristics and laboratory findings can be 
used to predict mortality in hospitalized patients with 
SARS-CoV-2 infection. Our mortality prediction model 
is based on objective tests performed on admission. 

Early evaluation of in-hospital mortality risk is important 
because it may facilitate the identification of high‐risk 
individuals.

In the era of the COVID-19 pandemic, numerous mod-
els for predicting in-hospital mortality have been devel-
oped [7–20]. They are typically based on such data as age, 

Table 2  Cut-off points for predicting in-hospital mortality: results of the classification and regression tree analysis in developing 
cohort

SD standard deviation

Variable Cut-off point Global cross-validation cost SD of the global 
cross-validation 
cost

Age (years)  > 56 0.37 0.04

Male sex Male sex 0.43 0.05

Hemoglobin, g/dL  < 10.55 0.61 0.04

Mean corpuscular volume, fL  > 92.9 0.41 0.04

Leukocyte count, 103/µL  > 9.635 or < 2.64 0.28 0.04

Platelet count, 103/µL  < 81.49 or > 315.5 0.44 0.04

C-reactive protein, mg/dL  > 51.14 0.32 0.04

Creatinine, mg/dL  > 1.115 0.31 0.04

Sodium, mEq/L  < 134.7 or > 145.4 0.51 0.04

Potassium, mEq/L  < 3.65 or > 6.255 0.45 0.05

Fig. 1  The distribution of covid-19 score in the study cohorts
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sex, selected aspects of the treatments used, comorbidi-
ties, as well as imaging and laboratory findings. However, 
given the pandemic-related limitations on direct contact 

with the patient, it may be difficult to obtain a detailed 
medical history. Comorbidities are common in mortality 
prediction models. Typically, the severity of a comorbid-
ity is more important than its presence itself. Therefore, 
we did not include comorbidities in our model because 
their impact is reflected in laboratory tests. Imaging find-
ings were not included either, because chest computed 
tomography is not a routine procedure performed on 
admission in patients with SARS-CoV-19 infection, espe-
cially during the pandemic. Oxygen saturation in room 
air is another important prognostic factor, but in real 
life, it is difficult to obtain in patients undergoing oxy-
gen therapy. The shortcoming of some prediction scores 
is limited access to some laboratory tests such as ferri-
tin or interleukin 6. Furthermore, risk scores developed 
for one population may not be applicable to another 
because of differences in ethnicity or availability of treat-
ment resources. The presented risk score was developed 
as an easy-to-implement and observer-independent tool; 
therefore, we decided to include only demographic data 
and basic laboratory tests.

In line with other studies, we found that male sex was 
associated with a higher risk of death [11, 13, 21]. Older 
age was also identified as a predictor of death, as con-
firmed by other studies on COVID-19 related mortal-
ity [8, 9, 11–14]. Differences in age between our study 
cohorts may be related to the different time of recruit-
ment. At the beginning of the pandemic, there was a 

Fig. 2  The ROC curve for the prediction of mortality using the 
covid-19 score in the developing cohort. The AUC of the covid-19 
score for predicting in-hospital mortality in developing cohort was 
0.89 (0.84–0.95), P < 0.001

Fig. 3  The ROC curve for prediction of mortality using the covid-19 
score in the validation cohort. The AUC of the covid-19 score for 
predicting in-hospital mortality in validation cohort was 0.850 
(0.75–0.88), P < 0.001

Fig. 4  The ROC curve for the prediction of mortality using the 
covid-19 score in the prospective cohort. The AUC of the covid-19 
score for predicting in-hospital mortality in the prospective cohort 
was 0.773 (0.731–0.816), P < 0.001
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tendency to admit more patients to the hospital because 
the health risks associated with COVID-19 was still 
unknown [22].

Laboratory abnormalities in patients with COVID-19 
disease are common [23]. They can be related to the dis-
ease itself or comorbidities and related treatments that 
often aggravate the course of COVID-19, including all 
types of malignancies, cardiovascular disease, chronic 
kidney disease, chronic obstructive pulmonary disease, 
obesity (body mass index > 40 kg/m2), pregnancy, type 2 
diabetes mellitus, sickle cell anemia, and medication use.

Anemia, leukocytosis, increased CRP and creatinine 
levels, low or high sodium and potassium levels as well 
as platelet count are associated with disturbed homeo-
stasis and represent abnormalities that could be related 
to SARS-CoV-2 infection or concomitant diseases and 
their treatment. Mortality rates are higher in patients 
with COVID-19 and comorbidities [3, 4, 13]. It should be 
stressed, however, that comorbidities often present with 
abnormal laboratory findings even in patients without 
SARS-CoV-2 infection.

The association of selected demographic and labora-
tory features with outcome has been confirmed by many 
studies [3, 5, 7–9, 11, 13, 15]. Anemia in patients with 
SARS-CoV-2 infection could be present before the onset 
of infection due to chronic illness, especially malignancy. 
Anemia can develop in the course of SARS-CoV-2 infec-
tion due to inflammation including direct cytopathic 
injury of circulating erythrocytes and their bone mar-
row precursors, as well as damage due to hemolytic ane-
mia, and/or thrombotic microangiopathy. An association 
between anemia and increased mortality was reported 
before [24] and is in line with our current findings.

Surprisingly, in our study, higher MCV levels were also 
associated with increased risk of mortality. This might 
be related to conditions that present with elevated MCV 

levels, such as hypothyroidism or vitamin B12 deficiency. 
However, further studies are needed to assess whether 
elevated MCV levels were also present before the infec-
tion. If not, this could indicate that SARS-CoV-2 infec-
tion might lead to changes in MCV levels [25]. In contrast 
to our finding, Djakpo et al. reported lower MCV levels 
in COVID-19 patients than in healthy participants [26]. 
However, MCV in non-survivors increased during hospi-
talization, resulting in the mean MCV values similar to 
those presented in our study.

The leukocyte count is an important parameter for pre-
dicting the severity of COVID-19 [27]. Huang et al. found 
that ICU patients with COVID-19 had a higher leukocyte 
count than non-ICU patients [28]. SARS-CoV-2 infection 
is primarily related to lymphopenia, which may reduce 
leukocyte count. However, this is followed by an increase 
in neutrophil count, leading to leukocytosis.

Increased CRP levels and leukocytosis are markers of 
infection severity and are related to increased mortality 
[29, 30]. Elevated CRP levels are present in numerous 
mortality risk scores used in patients with SARS-CoV-2 
infection, but various studies used different cut-off points 
[8, 11, 14–16, 19]. In the current study, the cut-off point 
for CRP levels was at 51.5 mg/dL.

The significance of platelet count for outcome predic-
tion has also been widely studied. In a previous report, 
platelet count did not differ between survivors and non-
survivors. However, this might be explained by the pres-
ence of patients with both low and high platelet count in 
the studied group, which might have translated to normal 
mean count [31]. Furthermore, Lippi et. al. found that 
thrombocytopenia is related to a higher risk of adverse 
events during hospitalization [32].

Hyponatremia is a common finding in patients with 
pneumonia regardless of disease etiology [33]. How-
ever, it is more prevalent in patients with SARS-CoV-2 

Table 3  Distribution of survivors and non-survivors in the prospective cohort by the COVID19-score

COVID19-
score

No. of 
participants

No. of non-
survivors/
survivors

True positive False positives False negatives True negatives Sensitivity Specificity

9 1 0/1 0 1 144 352 0.000 0.997

8 10 8/2 8 3 136 350 0.056 0.992

7 34 22/12 30 15 114 338 0.208 0.958

6 55 30/25 60 40 84 313 0.417 0.887

5 102 39/63 99 103 45 250 0.688 0.708

4 93 27/66 126 169 18 184 0.875 0.521

3 84 13/71 139 240 5 113 0.965 0.320

2 69 5/64 144 304 0 49 1.000 0.139

1 37 0/37 144 341 0 12 1.000 0.034

0 12 0/12 144 353 0 0 1.000 0.000
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A

B

Predictor Point

Age >56 years 1

Male gender 1

Hemoglobin level <10.55 g/dL 1

Mean corpuscular volume, >92.9 fL 1

Leukocyte count; >9.635 or <2.64103/µL 1

Platelet count; <81.49 or >315.5 103/µL 1

C-reactive protein; >51.14mg/dL 1

Creatinine, >1.115mg/dL 1

Sodium; <134.7 or >145.4 mEq/L 1

Potassium; <3.65 or >6.255 mEq/L 1

Covid19-score Risk Mortality 
0-2 Low 4,2%
3 Intermediate 15%
4 High 29%
5 Very high 38,2%
6-9 Critical 60%

Fig. 5  The COVID19-score. A Predictors of mortality included in the score with the established cut-off points. The COVID19-score is calculated as a 
sum of points assigned for each individual parameter according to the established thresholds. The mortality of the prospective cohort stratified on 
the basis of the COVID19-score. B Mortality risk assessment using the COVID19-score
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infection than in those with pneumonia related to other 
causes [34]. Our observation that hyponatremia is related 
to adverse outcomes in COVID-19 patients is concordant 
with other studies [35]. Hyponatremia is caused by vari-
ous mechanisms, including the non-osmotic release of 
vasopressin induced by interleukin 6, the levels of which 
are increased in COVID-19 patients and inversely related 
to hyponatremia [36].

Hypernatremia, although rare, is also encountered 
in patients with SARS-CoV-2 infection and is related 
to higher mortality [37]. It may be caused by the loss of 
free water due to perspiration. It may also result from 
elevated renal sodium reabsorption due to increased 
angiotensin II activity following angiotensin-converting 
enzyme 2 receptor blockade by SARS-CoV-2 [38].

Hypokalemia is also commonly found in patients with 
COVID-19 pneumonia. Moreno-Perez et  al. reported 
that hypokalemia is a sensitive biomarker of adverse 
COVID-19 progression [39]. In the present study, 
hypokalemia was a factor indicating poor outcome. Addi-
tionally, high potassium level was an unfavorable factor 
potentially associated with renal failure and treatment 
with potassium-sparing drugs, which may be an indicator 
of comorbidities.

Increased creatinine level was yet another predictor of 
adverse outcome in our patients, which is in line with the 
findings of other authors [3, 8, 37]. Yang et  al. reported 
that almost 30% of COVID-19 patients with severe pneu-
monia showed increased creatinine levels [40]. High cre-
atinine levels in patients with COVID-19 may be a sign 
of their concomitant diseases or may suggest that SARS-
CoV-2 can induce kidney disease.

In our study, the accuracy and prognostic value of the 
covid-19 score was similar in the validation and develop-
ing cohorts. However, the cohorts differed in terms of age 
and sex distribution. This discrepancy may have resulted 
from different locations of the hospital: the developing 
cohort was hospitalized in a small town, while the valida-
tion cohort, in a larger city and a capital of one of the Pol-
ish administrative regions. Moreover, dialyzed patients 
with SARS-CoV-2 infection who received dialysis were 
admitted only to the hospital in Boleslawiec, where they 
received dialysis irrespectively of the presence of infec-
tion symptoms. The similar accuracy of the covid-19 
score in these two cohorts confirms the significance of 
laboratory abnormalities.

The prediction of mortality in COVID-19 patients was 
also investigated by other authors, who used the Chi-
nese protocol severity classification, pneumonia severity 
index (PSI), and Confusion-Urea-Respiratory Rate-Blood 
pressure-65 (CURB-65) in risk stratification and prog-
nosis assessment [20]. The AUC of the Chinese protocol 

severity classification, PSI, and CURB-65 was 0.735, 
0.951, and 0.912, which is in line with our results.

Studies based on results from a single laboratory facil-
ity showed lower predictive accuracy. For example, it was 
reported that lung ultrasound findings did not predict 
mortality [10]. The degree of lung involvement may be 
considered important but not critical to survival, which 
depends rather on systemic response to infection.

In our study, we did not exclude parameters that 
seemed to show a borderline association with mortality 
in the developing cohort. The significance of the assessed 
parameters may vary between different populations. This 
finding suggests that the analyzed parameters may have 
different significance depending on the population. How-
ever, further studies are needed to elucidate this issue. 
The use of the covid-19 score might be particularly use-
ful during the pandemic, when the number of patients 
requiring hospitalization is particularly high and it is nec-
essary to identify patients at increased risk of death. The 
value of our prediction model lies in its objectivity as well 
as the use of simple and widely available diagnostic tools. 
The model might be especially useful in a field hospital or 
a mobile medical unit. An initial assessment with the use 
of covid-19 score may facilitate decision-making regard-
ing diagnostic and therapeutic strategies in patients with 
SARS-CoV-2 infection. In addition, the covid-19 score 
might help compare the effectiveness of treatment using 
different methods.

Limitations
The main limitation of the study is the lack of clinical data 
related to comorbidities and treatments used. However, 
our aim was to develop a simple risk score that could be 
used in individual patients even by professionals that are 
less familiar with clinical assessment of COVID-19 cases.

Another limitation is the lack of data regarding the 
time from the onset of symptoms to hospital admission. 
Laboratory values might change during the infection, and 
the use of the scores obtained at different time points of 
the infection may be inadequate.

Finally, the inclusion criterion for the study was a 
positive result for COVID-19 during hospitalization. 
However, some patients may become infected during 
hospitalization, and laboratory abnormalities on admis-
sion may not necessarily indicate SARS-CoV-2 infec-
tion but also other conditions. Moreover, SARS-CoV-2 
infection that develops during hospitalization may be 
asymptomatic. Additionally, in some cases, SARS-CoV-2 
infection may not be diagnosed by the first smear test. 
Thus, it is possible that such patients were not included 
in the study cohort.
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Conclusions
The covid-19 score based on simple demographic char-
acteristics and laboratory findings on admission is a reli-
able and valid tool for predicting in-hospital mortality in 
patients with SARS-CoV-2 infection.
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