
Allergy. 2022;00:1–4.    | 1wileyonlinelibrary.com/journal/all

Received: 19 August 2022  | Accepted: 19 September 2022

DOI: 10.1111/all.15524  

L E T T E R

Implementation of the web- based calculator estimating odds 
ratio of severe COVID- 19 for unvaccinated individuals in a 
country with high coronavirus- related death toll

To the Editor,
Despite one of the world's highest coronavirus- related death rates 
per capita, only 59% of Polish citizens decided to receive COVID- 19 
vaccine.1 Such hesitancy toward vaccination has often been associ-
ated with a perception that the risk of being severely infected af-
fects only very narrow group of individuals with certain risk factors 
and comorbidities.2 Thus, educational efforts aimed at increasing 
the community knowledge on actual prevalence and impact of per-
sonal risk factors for severe COVID- 19 are still warranted.3 On the 
contrary, however, quantitative estimation of relative contributions 
of different host- related risk factors including comorbidities to the 
severe COVID- 19 has still remained elusive.4 Therefore, here we at-
tempted not only to assess but also rather quantify to which extent 
well- known phenotypic and comorbid factors impact on the clinical 
severity of COVID- 19.

To this end, we jointly analyzed detailed clinical data from 
1186 unvaccinated COVID- 19 patients from over a dozen of infec-
tious diseases units and intensive care units located across Poland 
(Figure S1). The dataset collected directly by physicians contained 
information about age, sex, height, weight, detailed clinical history, 
and including chronic comorbidities (hypertension, ischemic heart 
disease, heart failure, cancer, asthma, chronic obstructive pulmo-
nary disease, autoimmune disease, thromboembolism, and diabetes) 
(Appendix S1). The severity of COVID- 19 was determined for each 
participant based on the objective parameters including fever, oxy-
gen saturation, arterial gas blood analysis, chest X- ray or computed 
tomography results, invasive ventilation, and death (Table S1).

We wished to analyze which of the following features: age, sex, 
body mass index (BMI), or comorbidities can serve the best as a pre-
dictor of the severe disease course. For this, we compared logistic 
regression models considering the abovementioned features and, in 
order to quantify which feature is the most important for the model, 
we computed area under the receiver operating curve (AUROC) 
values of models using one or more of these variables (Figure 1D). 
Interestingly, we found that the model using jointly all three vari-
ables: age, male sex, and BMI had the highest AUROC value (0.730), 
which was significantly higher than any model using only one vari-
able (AUROC of 0.698 for age, 0.585 for male sex, and 0.574 for 

BMI; all p values < .0002) (Figure 1D). Quite surprisingly, however, 
we found that after adjusting for all other predictors, inclusion of 
chronic comorbidities (at their stable phase) has not improved the 
accuracy of our model predicting the probability of severe COVID- 19 
(AUROC 0.730 for age, sex, BMI vs. AUROC 0.724 for age, sex, BMI, 
and comorbidities; p = .917) (Figure 1E and Table S2). The lack of 
significance of comorbidities in logistic regression model was largely 
due to the strong correlation of comorbidities with age (Figure S2).5 
It has to be emphasized, however, that our notion regarding comor-
bidities referred only to the fact of diagnosis of certain comorbidity 
but not to its current clinical status.

Next, having quantified the relative contribution of age, sex, and 
BMI for prediction of disease severity, we designed user- friendly 
odds ratio calculator based on our model and developed an online 
application providing individual quantitative assessment of odds 
ratio of development of severe COVID- 19. Moreover, to better il-
lustrate to both public opinion and individual users the signifi-
cance of common determinants in predisposing to severe course of 
COVID- 19, we have created intuitive heatmaps presenting the odds 
ratio values for individuals of different age, sex, and BMI (Figure 1F).

The application with odds ratio calculator for severe COVID- 19 
was implemented on February 3, 2022, on the pacje nt.gov.pl web-
site to boost the nationwide educational campaign aimed at increas-
ing awareness of the risks related to COVID- 19, mainly for those 
citizens who remained hesitant to the vaccination against COVID- 19 
(https://pacje nt.gov.pl/check - your- risk- sever e- covid - 19).6 The pacje 
nt.gov.pl website hosts the Patient Online Account that serves as 
an online health card for Polish citizens. Within the first week, the 
application has attracted two hundred thousand users and it has still 
been used by hundreds of new users daily.

Altogether, our data shed new light on relationships between host- 
related phenotypic and comorbid risk factors for severe COVID- 19. 
Finally, we demonstrate here an unprecedented in Eastern Europe 
example of task- specific intense ad hoc collaboration of clinicians 
and bioinformaticians resulting in creating a patient- oriented digital 
resource that has successfully been adopted by the public health-
care system. Possibly, given the changing pattern of COVID- 19 pan-
demic, we will be more in need of such personalized tools allowing 
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F I G U R E  1  (A– E) Comparison of AUROCs of models with one or more variables. Five logistic regressions were considered with the use of 
different combinations of variables: A— Age; B— Sex; C— BMI; D— Age, sex, and BMI jointly; E— Age, sex, BMI, and comorbidities jointly. For 
each ROC (receiver operating characteristic), its area under the curve (AUC) was computed, and the mean of 50 ROC AUC was recorded. 
Additionally, a mean- ROC curve was constructed by averaging TPR's (true positive rate [TP/P]) for each FPR (false positive rate [FP/N]). (F) 
Odds ratio calculations of development of severe COVID- 19. Sample results were generated using an online odds ratio calculator developed 
based on our model (https://pacje nt.gov.pl/check - your- risk- sever e- covid - 19). Heatmaps presenting the values of odds ratio for developing 
severe course of COVID- 19 in man and woman based on age, sex, body mass index (BMI). All numbers refer to the individual with the lowest 
odds (the baseline value of 1)— a 20- year- old woman with BMI of 20 kg/m2
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for selective identification of individuals at risk that should be sur-
rounded by a special care and/or subject to novel anti- viral therapies.

ACKNOWLEDG MENTS
Authors wish to thank the nursing personnel involved in the study.

FUNDING INFORMATION
The study was funded by the grant from Medical Research Agency, 
Warsaw, Poland (No. 2020/ABM/COVID19/0001). The funder had 
no role in study design, data collection and analysis, or preparation 
of the manuscript.

CONFLIC T OF INTERE S T
All authors from Poland report a grant from Polish Medical 
Research Agency (ABM) during the conduct of the study (No 2020/
ABM/COVID19/0001); JBog and AKru report personal fees from 
IMAGENE.ME SA outside the submitted work; AJ- S reports personal 
fees from IMAGENE.ME SA outside the submitted work; JB reports 
personal fees and other support from Chiesi, Cipla, Hikma, Menarini, 
Mundipharma, Mylan, Novartis, Sanofi- Aventis, Takeda, Teva, and 
Uriach and other support from KYomed INNOV outside the submit-
ted work; AE and MM received grants from the National Science 
Centre and the National Research and Development Centre; TFK 
and MM are the members of the Council of the Medical Research 
Agency with no right to decide on grant applications and they re-
ceived no remuneration for the work done in this study; MS received 
research grant from the Swiss National Science Foundation and from 
the GSK outside the submitted work; GF is the employee of the 
National Institutes of Health (NIH), a part of the U.S. Department 
of Health and Human Services; MM reports support from European 
Commission Horizon 2020 Programme and lecture fees from Berlin- 
Chemie/Menarini, Astra Zeneca, Novartis, Chiesi, GlaxoSmithKline, 
Takeda, Teva, Lek- AM outside the submitted work. Other authors 
declared no conflict of interest within the scope of this work.

PATENT APPLIC ATIONS
The application for intellectual property protection concerning the 
creation of the on- line calculator was submitted to the Patent Office 
of the Republic of Poland under the number P.440399.

Miroslaw Kwasniewski1,2

Urszula Korotko1,2

Karolina Chwialkowska1,2

Magdalena Niemira3

Jerzy Jaroszewicz4

Barbara Sobala- Szczygiel4

Beata Puzanowska5

Anna Moniuszko- Malinowska6

Sławomir Pancewicz6

Anna Parfieniuk- Kowerda7

Diana Martonik7

Dorota Zarebska- Michaluk8

Krzysztof Simon9

Monika Pazgan- Simon9

Iwona Mozer- Lisewska10

Maciej Bura10

Agnieszka Adamek10

Krzysztof Tomasiewicz11

Małgorzata Pawłowska12

Anna Piekarska13

Aleksandra Berkan- Kawinska13

Andrzej Horban14

Justyna Kowalska15

Regina Podlasin16

Piotr Wasilewski16

Arsalin Azzadin17

Miroslaw Czuczwar18

Michal Borys18

Pawel Piwowarczyk18

Slawomir Czaban19

Jacek Bogocz2

Magdalena Ochab2

Anna Kruk2

Sandra Uszok2

Agnieszka Bielska3

Anna Szałkowska3

Justyna Raczkowska3

Gabriela Sokołowska3

Joanna Chorostowska- Wynimko20

Aleksandra Jezela- Stanek20

Adriana Rozy20

Urszula Lechowicz20

Urszula Połowianiuk21

Agnieszka Tycinska22

Kamil Grubczak23

Aleksandra Starosz23

Wiktoria Izdebska24

Tadeusz F. Krzemiński25

Jean Bousqet26,27

Genoveffa Franchini28

Jennifer Hadlock29

Adam Kretowski3

Mubeccel Akdis30,31

Cezmi A. Akdis30,31

Milena Sokolowska30,31

Andrzej Eljaszewicz23

Robert Flisiak7

Marcin Moniuszko23,24

1Centre for Bioinformatics and Data Analysis, Medical 
University of Bialystok, Białystok, Poland

2Imagene.me SA, Białystok, Poland
3Clinical Research Centre, Medical University of Bialystok, 

Białystok, Poland
4Department of Infectious Diseases in Bytom, Medical 

University of Silesia, Bytom, Poland

https://orcid.org/0000-0002-1779-8368
https://orcid.org/0000-0001-8053-8959
https://orcid.org/0000-0001-5168-0067
https://orcid.org/0000-0001-6103-7606
https://orcid.org/0000-0001-8020-019X
https://orcid.org/0000-0001-9710-6685
https://orcid.org/0000-0002-8980-1474
mailto:


4  |    LETTER 

5Department of Infectious Diseases, Megrez Hospital in Tychy, 
Tychy, Poland

6Department of Infectious Diseases and Neuroinfection, Medical 
University of Bialystok, Białystok, Poland

7Department of Infectious Diseases and Hepatology, Medical 
University of Bialystok, Białystok, Poland

8Department of Infectious Diseases, Jan Kochanowski 
University, Kraków, Poland

9Department of Infectious Diseases and Hepatology, Wroclaw 
Medical University, Wrocław, Poland

10Department of Infectious Diseases, Hepatology and Acquired 
Immunodeficiencies, Poznan University of Medical Sciences, 

Poznan, Poland
11Department of Infectious Diseases, Medical University of 

Lublin, Lublin, Poland
12Department of Infectious Diseases and Hepatology, Nicolaus 

Copernicus University, Bydgoszcz, Poland
13Department of Infectious Diseases and Hepatology, Medical 

University of Łódź, Łódź, Poland
14Department of Infectious Diseases, Medical University of 

Warsaw, Warsaw, Poland
15Department of Adults' Infectious Diseases, Medical University 

of Warsaw, Warsaw, Poland
16IV- th Department, Hospital for Infectious Diseases, Warsaw, 

Poland
17District Hospital in Bielsk Podlaski, Bielsk Podlask, Poland

18Department of Anesthesiology and Intensive Therapy, Medical 
University of Białystok, Białystok, Poland

19Department of Anesthesiology and Intensive Care, Medical 
University of Lublin, Lublin, Poland

20Department of Genetics and Clinical Immunology, National 
Institute of Tuberculosis and Lung Diseases in Warsaw, Warsaw, 

Poland
21District Sanitary Inspectorate in Bialystok, Białystok, Poland

22Department of Cardiology, Medical University of Bialystok, 
Białystok, Poland

23Department of Regenerative Medicine and Immune 
Regulation, Medical University of Białystok, Białystok, Poland

24Department of Allergology and Internal Medicine, Medical 
University of Białystok, Białystok, Poland

25Department of Pharmacology, Andrzej Frycz Modrzewski 
Krakow University, Kraków, Poland

26Universitätsmedizin Berlin, Berlin, Germany
27Corporate Member of Freie Universität Berlin and Humboldt- 

Universität zu Berlin, Berlin, Germany

28Animal Models and Retroviral Vaccines Section, National 
Cancer Institute, Bethesda, Maryland, USA

29Institute for Systems Biology, Seattle, Washington, USA
30Swiss Institute of Allergy and Asthma Research, University of 

Zurich, Zurich, Switzerland
31Christine Kühne- Center for Allergy Research and Education, 

Davos, Switzerland

Correspondence
Marcin Moniuszko, Department of Regenerative Medicine 

and Immune Regulation, Medical University of Bialystok, 
Waszyngtona 13, 15- 269 Bialystok, Poland and Department 
of Allergology and Internal Medicine, Medical University of 
Bialystok, Sklodowskiej- Curie Street 24A, 15- 276 Bialystok, 

Poland.
Email: marcin.moniuszko@umb.edu.pl

ORCID
Urszula Korotko  https://orcid.org/0000-0002-1779-8368 
Karolina Chwialkowska  https://orcid.org/0000-0001-8053-8959 
Wiktoria Izdebska  https://orcid.org/0000-0001-5168-0067 
Jennifer Hadlock  https://orcid.org/0000-0001-6103-7606 
Cezmi A. Akdis  https://orcid.org/0000-0001-8020-019X 
Milena Sokolowska  https://orcid.org/0000-0001-9710-6685 
Andrzej Eljaszewicz  https://orcid.org/0000-0002-8980-1474 

R E FE R E N C E S
 1. https://covid 19- count ry- overv iews.ecdc.europa.eu/count ries/

Poland.html#cases - death s- and- testing
 2. Kyprianidou M, Konstantinou P, Alvarez- Galvez J, et al. Profiling 

hesitancy to COVID- 19 vaccinations in six European countries: 
behavioral, attitudinal and demographic determinants. Behav Med. 
2022;1- 12. doi:10.1080/08964289.2022.2071198

 3. Bonini S, Fiorito S. Are health care policies for COVID- 19 evidence- 
based? Allergy. 2022;77:2290- 2291. doi:10.1111/all.15297

 4. Gao Y, Ding M, Dong X, et al. Risk factors for severe and criti-
cally ill COVID- 19 patients: a review. Allergy. 2021;76:428- 455. 
doi:10.1111/all.14657

 5. Starke KR et al. The isolated effect of age on the risk of COVID- 19 
severe outcomes: a systematic review with meta- analysis. BMJ Glob 
Health. 2021;6:1- 12.

 6. https://pacje nt.gov.pl/check - your- risk- sever e- covid - 19

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

mailto:marcin.moniuszko@umb.edu.pl
https://orcid.org/0000-0002-1779-8368
https://orcid.org/0000-0002-1779-8368
https://orcid.org/0000-0001-8053-8959
https://orcid.org/0000-0001-8053-8959
https://orcid.org/0000-0001-5168-0067
https://orcid.org/0000-0001-5168-0067
https://orcid.org/0000-0001-6103-7606
https://orcid.org/0000-0001-6103-7606
https://orcid.org/0000-0001-8020-019X
https://orcid.org/0000-0001-8020-019X
https://orcid.org/0000-0001-9710-6685
https://orcid.org/0000-0001-9710-6685
https://orcid.org/0000-0002-8980-1474
https://orcid.org/0000-0002-8980-1474
https://covid19-country-overviews.ecdc.europa.eu/countries/Poland.html#cases-deaths-and-testing
https://covid19-country-overviews.ecdc.europa.eu/countries/Poland.html#cases-deaths-and-testing
https://doi.org/10.1080/08964289.2022.2071198
https://doi.org/10.1111/all.15297
https://doi.org/10.1111/all.14657
https://pacjent.gov.pl/check-your-risk-severe-covid-19

	Implementation of the web-based calculator estimating odds ratio of severe COVID-19 for unvaccinated individuals in a country with high coronavirus-related death toll
	REFERENCES


