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BARRIERS OF COVID-19 VACCINATION IN UKRAINE DURING THE WAR:  

THE SIMULATION STUDY USING ARIMA MODEL 
 

The COVID-19 pandemic has become a challenge to public health systems worldwide. As of June 2022, more 

than 545 million cases have been registered worldwide, more than 6.34 million of which have died. The gratui-

tous and bloody war launched by Russia in Ukraine has affected the public health system, including disruptions 

to COVID-19 vaccination plans. The use of simulation models to estimate the necessary coverage of COVID-19 
vaccination in Ukraine will make it possible to rapidly change the policy to combat the pandemic in the wartime. 

This study aims to develop a COVID-19 vaccination model in Ukraine and to study the impact of war on this 

process. The study is multidisciplinary and includes a sociological study of the attitude of the population of 

Ukraine toward COVID-19 vaccination before the escalation of the war, the modeling of the vaccine campaign, 

forecasting the required number of doses administered after the start of the war, epidemiological analysis of the 

simulation results. This research targeted the COVID-19 epidemic process during the war. The research sub-

jects are the methods and models of epidemic process simulation based on statistical machine learning. Socio-

logical analysis methods were applied to achieve this goal, and an ARIMA model was developed to assess 

COVID-19 vaccination coverage As a result of the study, the population of Ukraine was clustered in attitude to 

COVID-19 vaccination. As a result of a sociological study of 437 donors and 797 medical workers, four classes 

were distinguished: supporters, loyalists, conformists, and skeptics. An ARIMA model was built to simulate the 
daily coverage of COVID-19 vaccinations. A retrospective forecast verified the model's accuracy for the period 

01/25/22 - 02/23/22 in Ukraine. The forecast accuracy for 30 days was 98.79%. The model was applied to esti-

mate the required vaccination coverage in Ukraine for the period 02/24/22 – 03/25/22. Conclusions. A multi-

disciplinary study made it possible to assess the adherence of the population of Ukraine to COVID-19 vaccina-

tion and develop an ARIMA model to assess the necessary COVID-19 vaccination coverage in Ukraine. The 

model developed is highly accurate and can be used by public health agencies to adjust vaccine policies in 

wartime. Given the barriers to vaccination acceptance, despite the hostilities, it is necessary to continue to per-

form awareness-raising work in the media, covering not only the events of the war but also setting the population 

on the need to receive the first and second doses of the COVID-19 vaccine for previously unvaccinated people, 

and a booster dose for those who have previously received two doses of the vaccine, involving opinion leaders 

in such works. 
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Introduction 

 

Coronavirus Disease 2019 (COVID-19) is a poten-

tially severe acute respiratory infection caused by the 

SARS-CoV-2 coronavirus. COVID-19 can occur as an 

acute respiratory viral infection of a mild course or a se-

vere form. The virus can infect various organs through 

direct infection or the body's immune response. Compli-

cations include viral pneumonia, acute respiratory dis-

tress syndrome, acute respiratory failure, multiple organ 

failure, septic shock, venous thromboembolism, and oth-

ers [1]. 

The outbreak began in December 2019 in Wuhan, 

China. On March 11, 2020, the WHO declared the out-

break a pandemic. As of June 2022, more than 545 mil-

lion cases have been registered worldwide, more than 

6.34 million of which have died.  

The global pandemic has also stimulated the devel-

opment of research on using digital tools to control epi-

demic processes. Many scientific groups have focused on 

the development of data-driven tools for diagnosing mor-

bidity [2], data processing [3], research on external fac-

tors [4], social impacts on a pandemic [5], medical data 

security [6], etc. 

Vaccination is the most effective way to protect 

yourself from COVID-19, prevent the spread of new 

strains, and stop the pandemic. Vaccination protects 

against severe illness, hospitalization, and death if in-

fected with COVID-19 [7]. Since April 2020, medical in-

stitutions and pharmaceutical companies have developed 

and tested more than 40 vaccines against COVID-19. 

Mass vaccination against COVID-19 began in December 
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2020 in the United States and several other countries. As 

of June 2022, almost 12 billion vaccine doses have been 

administered worldwide, 5.2 billion people have been 

vaccinated with at least one dose, and 4.7 billion have 

completed the entire course of vaccination [8]. In 

Ukraine, the vaccination campaign started on February 

24, 2021. 

Exactly one year later, on February 24, 2022, Russia 

started a war in Ukraine for no reason. In addition to co-

lossal destruction and human casualties, the war brought 

a humanitarian crisis to Ukraine, which also affected the 

public health sector. In particular, the war also affected 

the spread of viral diseases. Active hostilities, the tempo-

rary occupation of certain regions by Russia, and the re-

distribution of healthcare resources for military needs 

have practically stopped the vaccine campaign against 

COVID-19. At the same time, at the start of the war, 

Ukraine was at the stage of increasing incidence [9]. 

The study aims to develop a vaccination model 

against COVID-19 in Ukraine and to study the impact of 

war on this process. The study is multidisciplinary and 

includes a sociological study of the attitude of the popu-

lation of Ukraine to vaccination against COVID-19 be-

fore the escalation of the war, modeling of the vaccine 

campaign, and forecasting the required number of doses 

administered after the start of the war, epidemiological 

analysis of the simulation results. The research is targeted 

at the COVID-19 epidemic process during the war. The 

research subjects are methods and models of epidemic 

process simulation based on statistical machine learning. 

To achieve the aim of the research following tasks 

have been formulated: 

1. Methods and models of the COVID-19 

vaccination should be analyzed; 

2. Method of the sociological estimation of attitude 

to vaccination against COVID-19 in Ukraine should be 

developed; 

3. A simulation model of the COVID-19 

vaccination based on autoregressive integrated moving 

average (ARIMA) method should be developed; 

4. Verification of ARIMA model should be 

provided; 

5. Sociological investigation on COVID-19 

vaccination attitude in Ukraine should be provided; 

6. Estimation of COVID-19 vaccination plan 

during the first month of the war in Ukraine should be 

provided; 

7. Results obtained during the experimental 

studies should be analyzed. 

The respective contribution of this study is three-

fold. Firstly, the cluster analysis of attitude toward vac-

cination against COVID-19 in Ukraine based on socio-

logical approaches will allow correcting the vaccination 

policies. Secondly, the development of ARIMA model 

will allow estimating the accuracy of simple machine 

learning methods applied to the simulation of the 

COVID-19 vaccination dynamics in Ukraine. Thirdly, 

simulation results will allow us to assess the actual state 

of the COVID-19 vaccination in Ukraine during the war, 

which will allow us to identify the necessary measures to 

combat the pandemic. 

In this paper, section 1, namely the current research 

analysis, provides the current state of COVID-19 vac-

cination strategies simulation methods and models. Sec-

tion 2, namely Data Analysis, describes the background 

of the vaccination against COVID-19 in Ukraine and 

analyses the data sources used in the research. Section 3, 

namely Materials and Methods, provides a methodology 

of sociological research, a brief overview of the ARIMA 

model, and verification methods of the prognostic mod-

els. Section 4 provides the results of cluster analysis of 

attitude toward vaccination in Ukraine, verification of the 

model of vaccination against COVID-19 in Ukraine, and 

estimation of necessary vaccination plan in Ukraine dur-

ing the war. The discussion section discusses the ob-

tained results from the epidemiology view. Conclusions 

describe the outcomes of the investigation. 

Given research is part of a project on development 

of complex intelligent information system for epidemio-

logical diagnostics, the concept of which is discussed 

in [10]. 

 

1. Current Research Analysis 
 

In this article, we are investigating the COVID-19 

vaccine campaign in Ukraine, so it is necessary to review 

existing studies to model COVID-19 vaccination. 

The paper [11] reviewed a COVID-19 model with a 

double-dose vaccination strategy for outbreak control in 

Bangladesh. Modeling is based on a compartmental ap-

proach. The study results show that the full-dose vaccina-

tion program significantly reduces the number of mild 

and critical cases and can potentially contribute to eradi-

cating the virus in a particular area. The study [12] also 

proposes a compartmental approach to model COVID-19 

given vaccination. The authors show that the critical vac-

cination threshold depends on the vaccine's effectiveness 

in eradicating the disease at any time, even if vaccination 

coverage is high. The results of a pilot study on cumula-

tive incidence data in Senegal show that despite the ef-

fectiveness of vaccination and treatment of COVID-19, 

additional efforts, such as non-pharmacological public 

health interventions, should continue to mitigate the 

spread of the virus. The authors of [13] propose a deter-

ministic compartmental model and a stochastic branching 

process model to assess the impact of the deployment of 

a vaccine campaign in New Zealand on the potential 

spread and health impact of COVID-19. A threshold for 

required vaccination to contain the current pandemic has 
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been calculated. However, since such coverage is un-

likely to be achievable in practice, complete relaxation of 

control could lead to severe consequences for spreading 

the virus. However, the study shows that the higher the 

vaccination coverage, the greater the herd immunity in 

the population, and the easier it will be to control new 

outbreaks. 

The study [14] aims to investigate the reasons for 

accepting or rejecting COVID-19 vaccines among the 

Malaysian population. As a result of modeling based on 

a sociological study, the authors show that the majority 

of respondents consider the vaccine to be safe, effective, 

protective, and provide herd immunity. At the same time, 

an obstacle to vaccination is unknown long-term side ef-

fects, the rapid production of the vaccine, and the fear of 

halal status. 

The authors of [15] propose a mathematical model 

of COVID-19 to assess the short-term impact of various 

vaccination scenarios in Lebanon. Simulation results 

have shown that vaccination has an impact in the short 

term. Expansion must be rapid and achieve high coverage 

(at least 70%) while maintaining social distancing 

measures during deployment. The work [16] proposes a 

model of the COVID-19 epidemic to predict the effec-

tiveness of vaccination in the United States. The model 

analyzes the effectiveness of vaccination in terms of vac-

cination effectiveness, vaccination planning, and relaxa-

tion of social measures that reduce disease transmission. 

Modeling results show that reducing the epidemic as vac-

cination is introduced depends critically on the extent to 

which social measures that reduce transmission of the 

disease are eased.  

The article [17] is devoted to studying the effect of 

vaccines that have different efficacy after the first dose 

and after the second dose regimen, considering the dif-

ferent efficacy against severe disease and not against 

widespread infection. The model aims to investigate the 

effect of the vaccine in reducing hospitalizations in a 

short-term scenario in Spain, with a population under 

mixed vaccination conditions. Modeling results justify 

the population coverage needed to achieve herd immun-

ity. The study [18] aims to develop a deterministic com-

partmental epidemic response model with limited supply 

and mass vaccination to evaluate vaccination scenarios in 

New South Wales, Australia. The simulation results 

showed that herd immunity is possible with the vaccina-

tion of 66% of the population. At the same time, using 

vaccines with an efficiency of less than 70% cannot pro-

vide herd immunity and will lead to a constant risk of 

outbreaks. 

Article [19] proposes a stochastic compartmental 

model for evaluating the effectiveness of a vaccine 

against the symptomatic disease. Using the model, exper-

iments were carried out for three scenarios, distinguish-

ing between the vaccine's effectiveness against infection, 

infectivity, and symptoms. As a result, the authors con-

clude that the vaccination of medical personnel is essen-

tial for their protection and for reducing the number of 

cases among residents of nursing homes. The authors of 

[20] discuss how the models have been applied to health 

policy decisions related to COVID-19 vaccination and 

how they can be applied in the future in the context of 

booster doses under various scenarios associated with 

specific disease factors. The article shows that combining 

segmental and network models can improve the power 

and reliability of epidemiological forecasts. 

Review [21] considers epidemiological and eco-

nomic modeling data for priority populations to minimize 

mortality, transmission, and incidence of COVID-19. 

The analysis results confirmed the recommendations of 

WHO regarding the priority of vaccines against COVID-

19. However, there is a gap in data on optimal prioritiza-

tion for low- and middle-income countries. 

Analysis of studies showed that most scientific 

groups use a compartmental approach to model vaccina-

tion against COVID-19. However, the lack of disparate 

data on the war conditions in Ukraine does not allow ap-

plying the approach for modeling on the territory of the 

country. Therefore, this article proposes developing a 

COVID-19 vaccination model using statistical machine 

learning methods. 

 

2. Data Analysis 
 

2.1. Background on Vaccination against COVID-19 

in Ukraine 
 

Vaccination against COVID-19 in Ukraine began 

on February 24, 2021, after the development and availa-

bility of vaccines against COVID-19 for emergency use. 

Preparations for the start of the vaccine campaign were 

carried out taking into account the recommendations of 

WHO, which in its documents emphasized that national 

strategies for vaccination against COVID-19 should be 

adapted taking into account the characteristics of the 

country's health systems and national context, the volume 

and pace of vaccine supply and characteristics and risk 

assessment - benefits for various population groups [22]. 

In Ukraine, potential target groups and vaccination strat-

egies have been identified and a Roadmap for vaccination 

of the population of Ukraine [23] has been developed to 

achieve the following goals:  

 to reduce the number of deaths associated with 

COVID-19 coronavirus disease;  

 to reduce the severity and number of health com-

plications associated with COVID-19.  

It was determined that the main objective of the 

Roadmap for vaccination during 2021-2022 is to cover at 

least 50% of the population of Ukraine (20,866,390 peo-

ple) with vaccination against the coronavirus disease 
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COVID-19. Voluntary vaccination against COVID-19 

was envisaged for all population groups and occupational 

groups. 

Approaches to the implementation of a vaccination 

program are largely dependent on the availability of vac-

cines. At the start of the vaccine campaign, production 

capacity was unable to meet all of the global demand for 

a COVID-19 vaccine. Global demand was predicted to 

outstrip the vaccine production capacity of manufacturers 

throughout 2021 and 2022. Therefore, based on the rec-

ommendations of WHO, SAGE 17, and ETAGE, the Pre-

liminary Framework for the Equitable Distribution of the 

COVID-19 Vaccine (The National Academy of Sciences, 

Engineering, Medicine, USA), the recommendations of 

the National Immunization Technical Expert Panel of 

Ukraine, it was recommended to allocate nine priority 

groups for COVID-19 disease, including (in order of pri-

ority for access to vaccination) [24, 25]: 

1. Medical workers, including those directly 

involved in measures to counter the COVID-19 

coronavirus disease pandemic. 

2. Military personnel (including the Armed Forces 

of Ukraine and the National Guard of Ukraine) 

participating in the Joint Forces Operation. 

3. Social workers, including social workers. 

4. Persons living in institutions providing long-

term care and support, and employees of such 

institutions. 

5. The elderly (60 years and older), including those 

with comorbidities who are at risk of developing 

complications and death due to COVID-19 disease 

(people diagnosed with diseases of the endocrine system, 

cardiovascular diseases, chronic diseases respiratory 

tract, chronic diseases of the nervous system, chronic 

diseases of the urinary system, oncological diseases, 

chronic diseases of the hematopoietic organs and blood). 

6. Employees of critical state security structures, 

including the State Emergency Service of Ukraine, the 

National Police of Ukraine, the National Guard of 

Ukraine, the Security Service of Ukraine, military 

personnel of the Armed Forces of Ukraine, the Ministry 

of Internal Affairs. 

7. Teachers and other education workers. 

8. Adults (aged 18 to 59 years) with comorbidities 

who are at risk of developing complications and death 

due to COVID-19 disease (people diagnosed with 

diseases of the endocrine system, cardiovascular 

diseases, chronic respiratory diseases pathways, chronic 

diseases of the nervous system, chronic diseases of the 

urinary system, oncological diseases, chronic diseases of 

the hematopoietic organs and blood). 

9. People who are in places of restriction of 

freedom and/or pre-trial detention centers and employees 

of places of restriction of liberty and/or pre-trial detention 

centers. 

When developing the National Plan for the Intro-

duction of the Vaccine and Conducting Mass Vaccina-

tion against COVID-19, 4 stages were envisaged, indi-

cating the exact timing, volumes of vaccination, and tar-

get groups, later a 5th stage was added, which included 

the vaccination of other categories of the population that 

were not included in the first four stages. It was assumed 

that one target group would be vaccinated during one 

stage, vaccination was carried out on two platforms - mo-

bile and mobile teams and in primary health care facili-

ties. Later, Mass Vaccination Centers were organized, 

where the population could also be vaccinated against 

COVID-19. 

The peculiarities of the vaccination campaign in 

Ukraine were a large target group, which required prior-

ity vaccination against COVID-19, comprising more than 

50 % of the population of Ukraine; the expected duration 

of vaccination; the use of new vaccines in the world ob-

tained by new technologies; overburdened healthcare 

system. The process of organizing vaccination in Ukraine 

in response to the pandemic was organized and managed 

by the Ministry of Public Health and the Center for Public 

Health, a strong vertical coordination was built with di-

rect supervision of the introduction of vaccination and 

feedback. At each stage, consultations were held with the 

regions, flexibility was provided only within the frame-

work of approved scenarios, and responsibility for each 

decision was clearly articulated. These were the key prin-

ciples for organizing vaccination against COVID-19 in 

Ukraine. 

The vaccination course included two doses of the 

vaccine, which were administered at intervals of 4-12 

weeks, depending on the type of vaccine.  

On December 22, 2021, revaccination was intro-

duced in Ukraine - a booster dose of the COVID-19 vac-

cine for medical workers and workers in residential care 

homes. She began to vaccinate on December 24th. All 

vaccinated, regardless of the target group, were able to 

receive a booster dose of the vaccine on January 6, 2022. 

On February 2, 2022, the Cabinet of Ministers of 

Ukraine adopted the National COVID-19 Vaccination 

Plan for 2022, according to which the overall strategy for 

COVID-19 vaccination began to consist of a booster dose 

for those who had already received the basic vaccination 

course in 2021, and vaccination of those who did not re-

ceive a single dose. Additionally, in 2022, it was planned 

to cover children and adolescents aged 12 to 18 with vac-

cinations. The document also provided for the obligation 

of the regional and Kyiv city state administrations to en-

sure vaccination coverage of minors and at least 70 % of 

adults, including 80 % of people over 60 years of age. 

Particular attention continued to be given to those at risk. 

In addition, the document has a norm that provides for 

the creation of regional interdepartmental coordination 

commissions for its implementation and the approval of 
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regional vaccination plans for 2022. 

Also in Ukraine, the supply of vaccine preparations 

was established, which made it possible to freely obtain 

the required dose of vaccine for the population of 

Ukraine.  

Despite the efforts made, as of February 23, 2022, a 

year after the start of the vaccination campaign, 

15,712,650 people were vaccinated in Ukraine, of which 

15,712,648 people received the first dose, 15,175,097 

people received two doses received an additional dose – 

27,458 people, a booster dose – 701,836 people. A total 

of 31,617,039 vaccinations were done. At the same time, 

on February 23, 2022, 25,062 new cases of COVID-19 

were registered, 297 deaths and 3,140 people were hos-

pitalized. 
 

2.2. Data Sources Analysis 
 

To build a model of vaccination against COVID-19, 

data from the open WHO Coronavirus (COVID-19) 

Dashboard of the World Health Organization [8] were 

used. The database contains data on the incidence, mor-

tality, and vaccination against COVID-19 in the world. 

Data for Ukraine comes from the Public Health Center 

under the Ministry of Health of Ukraine. The data for 

Ukraine does not include morbidity, mortality, and vac-

cination in the territory of Crimea and the territories of 

the Donetsk and Luhansk regions occupied by Russia un-

til February 24, 2022. Data on vaccination against 

COVID-19 in Ukraine was not disclosed after the escala-

tion of the war. Therefore, vaccination data from Febru-

ary 24, 2021, to February 23, 2022, were used to build 

the model. 
 

3. Methods and Models 
 

3.1. Sociological Investigation 

 

The sociological part of the research deals with 

quantitative survey methods – face-to-face interviews 

with plasma donors (437 donors were interviewed) and 

medical staff (797 healthcare workers were interviewed) 

were conducted in the Kharkiv region from July to Octo-

ber 2021. The topic of the interview was the perception 

of the argumentation strategies for the introduction of 

mass vaccination (respondents were offered some state-

ments about vaccination, which they could rate on a scale 

from “1 – strongly disagree” to “5 – strongly agree”):  

1. The safety of vaccination. 

2. Compulsory vaccination. 

3. Efficiency. 

4. Alternative vaccination.  

(Dis)agreement with pro- and anti-vaccination 

statements showed the chances for the conscious embod-

iment of discursive practices in real social practices (in 

N. Fairclough terminology) of vaccination. And the focus 

on groups of donors and health workers is explained by 

the high level of involvement in vaccination discourse, so 

we can consider them as potential opinion leaders. The 

medical staff acts as representatives of evidence-based 

(“official”) medicine, has significantly grown since the 

beginning of the pandemic authority, and thus can form 

specific beliefs and positions on certain aspects of the 

pandemic. In this case, doctors are an influential agent in 

the formation of certain attitudes in the mass conscious-

ness about vaccination. On the other hand, healthcare 

workers as representatives of the professional community 

are more likely than others to encounter SARS-CoV-2, 

and, accordingly, are more involved in immunization 

processes. In turn, plasma donors do not belong to the 

professional field of healthcare but are quite strongly as-

sociated with it in their everyday life. That is, they can be 

considered the most included non-professionals in the 

medical discourse, who have a great articulatory potential 

in the vaccination discourse. 

So, we suppose to receive a relief date with the dif-

ference between the perception of vaccination by 

healthcare workers and those who are not involved in the 

medical system as a professional, but who are quite active 

and can have potential social influence. This will provide 

a more accurate picture of the prospects for vaccination 

in terms of social factors and possible social barriers. Sur-

veys of two different social groups in terms of their in-

volvement in the medical sphere will allow balancing the 

potential deviations due to the characteristics of each 

group. We will increase the value of the data since we 

analyze groups that can both act as "locomotives" of the 

ideological and informational promotion of vaccination 

if it is supported in the group consciousness, and prevent 

such promotion from broadcasting a negative attitude to-

wards vaccination. 
 

3.2. ARIMA Model 

 

The ARIMA model is a time series forecasting 

method. Modeling is carried out by regressing the de-

pendent variable only by its lag value, the current value, 

and the random error term's lag value in converting non-

stationary time series to stationary time series [26]. 

The ARIMA model includes the following main 

steps: 

 trial model identification; 

 estimation of model parameters; 

 diagnostic verification of model adequacy; 

 using the forecasting model. 

The ARIMA model combines AR (Autoregressive), 

and MA (Moving Average) approaches. Therefore, the 

model consists of three parts: 

 AR (Autoregressive) is a regression model that 

uses the dependence between observations and the num-

ber of integrated observations p. 



Modelling and digitalization 
 

25 

 I (Integrated) provides stationarity by calculating 

the differences d. 

 MA (Moving Average) analyzes the relationship 

between observations and residuals when applying the 

model to integrated observations q. 

Thus, the simple form of the p-order autoregressive 

model is: 
 

AR(p) = c + ∑ φixi−1 + ϵi
p
i=1 , (1) 

 

where xi are a stationary variable; 

c is a constant; 

i are autocorrelation coefficients; 

ϵi are white noise with zero mean. 

The moving average order model q has the form: 
 

MA(q) = μ + ∑ θiϵi−1
q
i=1 ,  (2) 

 

where μ is the mathematical expectation of the process; 

θi are weights; 

θ0 is assumed to be 1; 

ϵi are white noise with zero mean. 

Thus, the ARIMA model of order p, q is a combi-

nation of (1) and (2), and has the form: 
 

ARIMA(p, q) = c +∑φixi−1 + ϵi

p

i=1

+ 

+∑ θiϵi−1
q
i=1 .  (3) 

 

The parameters p and q are called the order of AR 

and MA. Using ARIMA allows you to make predictions 

on non-stationary data due to the introduction of integra-

tion into the model. This is achieved by taking differ-

ences. 

To tune the model, the data is checked for station-

arity and compliance with the moving average. The ini-

tial data analysis prepares them for forecasting by deter-

mining the parameters p, d, and q. As a training sample, 

we used data on vaccination against COVID-19 in 

Ukraine from February 24, 2021 (the start date of the vac-

cine campaign against COVID-19 in Ukraine) to January 

24, 2022. The test sample compiled data from January 

25, 2022, to February 23, 2022. 
 

3.3. Model Performance Estimation 
 

The model accuracy estimate is calculated using 

mean absolute percentage error: 
 

MAPE =
100%

n
∑ |

At−Ft

At
|n

t=1 ,  (4) 

 

where At is the actual value; 

Ft is the forecasted value. 

To assess the forecast of the vaccination doses of 

COVID-19 for the period of the war, the deviations of the 

forecasted data from the registered doses were calcu-

lated: 

 

D = |Ft −At|,  (5) 

 

where At is the actual value;  

Ft is the forecasted value. 

 

4. Results 
 

4.1. Cluster Analysis of Attitude  

Toward Vaccination 

 

Based on pre-war sociological research of different 

target groups (healthcare workers and plasma donors), a 

cluster analysis of attitudes towards vaccination was con-

ducted [27, 28], four clusters were allocated: 

1. Supporters – have an active pro-vaccination 

position, and maintain obligatory mass vaccination. 

There are 15-18% in the sample of health workers, but in 

the sample of donors this cluster turned out to be 

statistically insignificant. 

2. Loyalists – also have the pro-vaccination 

position, but only on the individual level: they support 

vaccination as a personal decision and reject its 

mandatory or propaganda. In donors’ clusters, there are 

26-29 % of Loyalists, and in healthcare workers' cluster 

are 37-40 %. 

3. Conformists – passive about vaccination, do not 

have a definite position, will be guided by the 

requirements of superiors and/or government. This 

cluster in the plasma donor sample occupies 40-43 %, 

and in the healthcare workers sample – 10-13 %. 

4. Skeptics – reject both mandatory and 

propaganda of vaccination; in the group of donors, there 

are 40-43% of Sceptics, and in the group of health 

workers – only 10-13%. The obvious professional 

attitude of medics significantly reduces the number of 

those who doubt the importance/necessity of vaccination. 

But even in the most included in medicine sphere 

philistine, the number of Skeptics is approaching half. It 

is a cluster with the greatest social treats in the chain of 

social authority and opinion-leading. Correlation shows 

that mainly these are people with secondary specialized 

education, occupying low positions, and their average 

age is 4-5 years lower than that of the rest. We consider 

each cluster as an additional factor that enhances the 

effectiveness of vaccination at the general social level. 
 

4.2. Model Verification 
 

An ARIMA machine learning model for predicting 

the vaccination of COVID-19 was implemented JavaS-

cript. For an experimental study, data on daily vaccina-

tion in Ukraine were used. We used World Health Organ-

ization Coronavirus Dashboard as a data source [8]. As a 

training sample, we used vaccination data in Ukraine 

from February 24, 2021, i.e., the start of the vaccination 
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campaign. For the test sample, we used data for 30 days 

before the beginning of the escalation of the Russian war 

in Ukraine (25.01.2022 – 23.02.2022). 

Figure 1 shows the results of retrospective forecast-

ing of cumulative vaccination doses against COVID-19 

in Ukraine from January 25, 2022, to February 23, 2022. 

Forecasts were calculated for 7, 10, 20, and 30 days to 

illustrate the change in the forecast error with the increas-

ing period. 
 

 
 

Fig. 1. Forecasting of COVID-19 vaccination doses  

in Ukraine (25.01.22 – 23.02.2022) 

 

Table 1 shows model accuracy rates for cumulative 

vaccine doses of COVID-19 in Ukraine for a sample 

from January 25, 2022 to February 23, 2022. 

 

Table 1 

MAPE of forecast for 25.01.22 – 23.02.22 (%) 

Duration of forecast 

(days) 
MAPE 

7 days 0.10053 % 

10 days 0.14161 % 

20 days 0.57879 % 

30 days 1.18705 % 

 

As the prediction results show, our hypothesis about 

the high accuracy of simple statistical machine learning 

models was confirmed. Forecast accuracy is sufficient for 

a long-term forecast of 30 days for vaccination dynamics. 
 

4.3. COVID-19 Vaccination Estimation  

during War 
 

To assess the necessary quantity of COVID-19 vac-

cination doses in Ukraine during the war, we applied the 

developed model to a sample of cumulative quantity if 

vaccine doses against COVID-19 to build a forecast from 

February 24, 2022, to March 25, 2022. Figure 2 shows 

the forecast of cumulative vaccine doses against COVID-

19 in Ukraine. Unfortunately, vaccination data from Feb-

ruary 24, 2022 is not publicly available. 

An assessment of the forecast for the wartime pe-

riod shows that the forecasted vaccination doses against 

COVID-19 in Ukraine do not reflect the actual situation. 

 

 
 

Fig. 2. Forecasting of COVID-19 vaccination doses 

(24.02.22 – 25.03.2022) 
 

Figure 3 shows the deviation of daily forecasted 

vaccination doses against COVID-19 in Ukraine from the 

last available data on vaccination in Ukraine for the pe-

riod from February 24, 2022, to March 25, 2022. 
 

 
 

Fig. 3. Deviation of COVID-19 daily forecasted  

vaccination doses from last registered  

values (24.02.22 – 25.03.2022) 

 

The data presented in Figures 2 and 3 is a projection 

of the required COVID-19 vaccination capacity during 

the escalation of the war. Because vaccination data is not 

available since February 24, 2022, the calculated predic-

tive values can be used as a vaccination plan when mak-

ing decisions about controlling the epidemic process of 

COVID-19. 
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5. Discussion 
 

The COVID-19 pandemic has become a severe 

challenge to humanity. As of June 2022, more than 545 

million cases have been registered worldwide, more than 

6.34 million of which have died. 

A significant achievement in the fight against the 

pandemic has been the development of safe and effective 

vaccines among non-pharmaceutical methods to contain 

the spread of the virus. To select the optimal and rational 

methods for controlling the epidemic process of COVID-

19, such a tool as mathematical modeling is widely used. 

This method has proven itself to predict the dynamics of 

the spread of infection [29], determine the necessary im-

mune layer [30], identify factors affecting the dynamics 

of the epidemic process [31], evaluate the effectiveness 

of quarantines [32], pharmacological [33] and non-phar-

macological interventions to reduce the incidence. 

Based on a time series analysis of COVID-19 vac-

cination, the model presented in this study allows it to be 

used for decision-making in public health institutions 

with limited data for planning COVID-19 vaccination 

policy during the Russian war in Ukraine. The model 

showed what level of vaccination is needed to mitigate 

the COVID-19 pandemic in the context of the war in 

Ukraine. 

After Russia's unprovoked attack on Ukraine, 

Ukrainian healthcare was forced to devote all its efforts 

to helping wounded service members and the affected 

population. The civilian population suffered from mine 

and gunshot wounds, shell shock, mental attacks, mental 

health disorders, heart attacks, strokes, and other pathol-

ogies associated with the war. The volume of medical 

care that medical workers had to provide increased sig-

nificantly. In addition, some medical workers, saving 

their lives and the lives of their families, moved to other 

regions of the country and foreign countries, which re-

duced the capacity of healthcare institutions. Many hos-

pitals, dispensaries, diagnostic laboratories, and other 

health care facilities were destroyed. The attention of 

medical workers has switched from issues related to im-

plementing preventive and anti-epidemic measures to 

contain the COVID-19 pandemic to addressing issues re-

lated to the increase in the flow of the wounded and sick. 

Attacks on medical facilities and the destruction of 

healthcare infrastructure are forcing people to refuse to 

seek medical care [35] and reducing the possibility of im-

plementing a full-scale vaccine campaign against 

COVID-19 [36]. 

Our research has shown that the population has dif-

ferent adherence to vaccination. Continued information 

attacks by Russian propagandists contribute to refusals to 

vaccinate even in those territories of Ukraine where there 

are no hostilities, and the population can freely receive 

vaccination [37]. 

Given the barriers to vaccination acceptance, de-

spite the hostilities, it is necessary to continue to carry out 

awareness-raising work in the media, covering not only 

the events of the war but also setting the population on 

the need to receive the first and second doses of the 

COVID-19 vaccine for previously unvaccinated individ-

uals, and a booster dose for those who previously re-

ceived two doses of the vaccine, involving opinion lead-

ers in such work. It is necessary to continue to develop 

and implement educational programs aimed at training 

different groups of the population in measures to prevent 

COVID-19. The effectiveness of educational programs 

has been shown by researchers [38]. It is advisable to in-

troduce such programs at universities, especially when 

training medical workers who will subsequently educate 

the population. 

It is also necessary to inform the population about 

the current epidemic situation regarding COVID-19 in 

Ukraine - the number of cases, deaths, hospitalizations, 

etc., and highlight the pace of vaccination. This is neces-

sary not only for the population of Ukraine and decision-

makers but also for the public health authorities of neigh-

boring countries, where large flows of refugees have 

gone. 

 

Conclusions 
 

The paper is devoted to a multidisciplinary study of 

wartime COVID-19 vaccination in Ukraine using socio-

logical analysis, simulation modeling, and epidemiologi-

cal analysis. 

A sociological study of 437 donors and 797 medical 

workers was conducted, which identified four clusters 

concerning vaccination in Ukraine: supporters, loyalists, 

conformists, and skeptics. An ARIMA model has been 

developed to estimate the required vaccination coverage 

against COVID-19 in Ukraine. For the pilot study, we 

used the data on vaccination against COVID-19 in 

Ukraine, posted in the World Health Organization Dash-

board. Verification of the model using retrospective fore-

casting for the period 01/25/22 - 02/23/22 showed an ac-

curacy of 98.79 %. 

The scientific novelty of the study lies in the use of 

sociological research and simulation to assess the re-

quired vaccination coverage against COVID-19. The 

proposed approach showed high accuracy for various 

forecasting periods. This made it possible to estimate the 

required vaccination coverage against COVID-19 in 

Ukraine during the war. 

The practical novelty of the study lies in the assess-

ment of the mandatory vaccination coverage against 

COVID-19 in Ukraine during wartime. The proposed 

tool is essential during active combat operations with 

limited human and computing resources. The resulting 

forecast will effectively make adjustments to the policies 
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to combat COVID-19 in Ukraine during the war. 

The results of the study showed that, given the bar-

riers to vaccination acceptance, despite the hostilities, it 

is necessary to continue to conduct awareness-raising 

work in the media, covering not only the events of the 

war but also setting the population on the need to receive 

the first and second doses of the COVID-19 vaccine for 

previously unvaccinated individuals, and a booster dose 

for those who previously received two doses of the vac-

cine, involving opinion leaders in such work. It is neces-

sary to continue to develop and implement educational 

programs aimed at training different groups of the popu-

lation in measures to prevent COVID-19. The population 

should also be informed about the current epidemic situ-

ation regarding COVID-19 in Ukraine - the number of 

cases, deaths, hospitalizations, etc., and highlight the 

pace of vaccination. This is necessary not only for the 

population of Ukraine and decision-makers but also for 

the public health authorities of neighboring countries, 

where large flows of refugees have gone. 
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БАР'ЄРИ ВАКЦИНАЦІЇ ПРОТИ COVID-19 В УКРАЇНІ ПІД ЧАС ВІЙНИ:  

РЕЗУЛЬТАТИ МОДЕЛЮВАННЯ ЗА ДОПОМОГОЮ МОДЕЛІ ARIMA 

Д. І. Чумаченко, Т. О. Чумаченко, Н. С. Кірінович, Є. С. Меняйлов, О. С. Мурадян, О. О. Салун 

Пандемія COVID-19 стала викликом для систем охорони здоров'я у всьому світі. Станом на червень 2022 

року у світі зареєстровано понад 545 мільйонів випадків, понад 6,34 мільйони з яких померли. Безпричинна 
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та кровопролитна війна, розв'язана Росією в Україні, торкнулася системи охорони здоров'я, у тому числі по-

рушила плани вакцинації від COVID-19. Використання імітаційних моделей для оцінки необхідного охоп-

лення вакцинацією проти COVID-19 в Україні дозволить оперативно вносити зміни до політики боротьби з 

пандемією у воєнний час. Метою дослідження є розробка моделі вакцинації проти COVID-19 в Україні та 

дослідження впливу війни на цей процес. Дослідження є мультидисциплінарним і включає соціологічне ви-

вчення ставлення населення України до вакцинації проти COVID-19 до ескалації війни, моделювання вакци-

нальної кампанії та прогнозування необхідної кількості доз, що вводяться після початку війни, епідеміологі-

чний аналіз результатів моделювання. Об'єкт дослідження – епідемічний процес COVID-19 під час війни. 

Предмет дослідження – моделі та методи моделювання епідемічного процесу на основі статистичного ма-

шинного навчання. Для досягнення мети було застосовано методи соціологічного аналізу та побудовано мо-

дель ARIMA для оцінки охоплення вакцинацією проти COVID-19. В результаті дослідження населення Ук-
раїни було кластеризовано по відношенню до вакцинації проти COVID-19. В результаті соціологічного дос-

лідження 437 донорів та 797 медичних працівників було виділено чотири класи: прихильники, лоялісти, кон-

формісти та скептики. Модель ARIMA була побудована для моделювання щоденного охоплення щепленнями 

проти COVID-19. Ретроспективний прогноз підтвердив точність моделі на період з 25.01.22 по 23.02.22 в Ук-

раїні. Точність прогнозу на 30 днів становить 98,79%. Модель застосовувалася з метою оцінки необхідного 

охоплення вакцинацією в Україні на період 24.02.22 – 25.03.22. Висновки. Мультидисциплінарне дослі-

дження дозволило оцінити прихильність населення України до вакцинації проти COVID-19 та розробити мо-

дель ARIMA для оцінки необхідного охоплення вакцинацією проти COVID-19 в Україні. Розроблена модель 

показала високу точність і може використовуватися установами громадської охорони здоров'я для коригу-

вання політики вакцинації у воєнний час. Враховуючи бар'єри на шляху прийняття вакцинації, незважаючи 

на бойові дії, необхідно продовжувати проводити просвітницьку роботу в ЗМІ, висвітлюючи не лише події 
війни, але й налаштовуючи населення на необхідність отримання першої та другої доз вакцини проти COVID-

19 для людей, які раніше не були щеплені, і ревакцинації для тих, хто раніше отримав дві дози вакцини, із 

залученням до такої роботи лідерів громадської думки. 

Ключові слова: епідемічна модель; епідемічний процес; моделювання епідемії; моделювання;  

COVID-19; ARIMA, війна. 
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