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A b s t r a c t

Introduction: The aim of our study was to assess the potential value of the 
Comirnaty vaccine (BNT162b2) in Poland. A model was used to estimate pa-
tient events, direct medical costs, utilities, and cost-effectiveness for 1 year 
with and without implementation of the vaccine.
Material and methods: The Markov model with 1-week cycles was used to 
estimate patient events, direct medical costs, utilities, and cost-effective-
ness for 1 year with and without implementing the Comirnaty vaccine in 
Poland. The incremental cost per quality-adjusted life-year (QALY) gained 
vs. no vaccine was calculated for the general population and selected age-
groups. All costs are reported in PLN (average exchange rate in 2020: 1 EUR 
= 4.44 PLN).
Results: In the base case analysis the incremental cost per QALY gained as-
sociated with vaccinating the whole population is 6249 PLN. For individuals 
aged 60–69 years and > 80 years vaccination is less costly and more effec-
tive than no vaccination. The incremental cost per QALY gained when vac-
cinating individuals aged 40–49 and 30–39 years is 28,135 PLN and 67,823 
PLN, respectively. In the general population and in younger subpopulations 
the incremental cost-effectiveness ratio is most sensitive to the vaccine ef-
fectiveness, vaccine price, and SARS-CoV-2 infection rates. 
Conclusions: When prioritization is required due to supply constraints, vac-
cination of the elderly is justified because it gives the highest number of 
QALY gained and generates savings for the health care system. Continual up-
dates of the model concerning vaccine real-life effectiveness and epidemic 
course are required to refine the prioritisation scheme in the future.
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Introduction

The National Vaccination Program for the prevention of coronavirus 
disease 2019 (COVID-19) is one of the largest vaccination programs in 
Polish history. The first Polish citizen was vaccinated on 27th December 
2020 at the Central Clinical Hospital of the Ministry of Internal Affairs 
and Administration in Warsaw [1]. By the end of January 2021 1.2 million 
doses were administered, with a daily average of 53,476 [2]. All patients 
received the  Pfizer BioNTech mRNA Comirnaty vaccine (BNT162b2), 
which was granted conditional marketing authorization by the Europe-
an Commission on 21st December 2020 [3].  Its approval was based on 
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the results of a large randomized clinical trial that 
evaluated the efficacy and safety in over 40,000 
participants  of the vaccination program  [4]. The 
two-dose regimen of the Comirnaty vaccine (30 µg/ 
dose administered 21 days apart) was found to 
be safe and 95% (95% CI: 90.3–97.6%) effec-
tive against COVID-19 in persons aged 16 years 
and older [4]. These results demonstrated that  
COVID-19 can be prevented by immunisation, and 
the vaccination programme may play an impor-
tant role in reducing the substantial burden of the 
COVID-19 pandemic. The aim of this study was to 
assess the potential value of the Comirnaty vac-
cine in the Polish general population and in select-
ed age groups. Given the constraints on vaccine 
availability, the results predicted by our cost-effec-
tiveness analysis could be helpful in priority-set-
ting decisions. 

Material and methods

The study used a  Markov model to estimate 
patient events, direct medical costs, utilities, 
and cost-effectiveness for 1 year with and with-
out implementation of the Comirnaty vaccine. 
Figure 1 presents the structure of the model of 
SARS-CoV-2 infection and COVID-19 progression. 
Individuals enter the model as susceptible for 
SARS-CoV-2 infection. During each weekly cy-
cle, individuals can move to the following states: 
“detected infection”, “undetected infection”, 
“non-infected”, or “death”, or they can remain 
in their current states as indicated by the arrows 
(Figure 1). A  confirmed COVID-19 case (“detect-
ed infection”) was defined as a positive result of 
real-time reverse transcriptase-polymerase chain 
reaction (RT-PCR) assay of nasal or pharynge-
al swab specimens. An “undetected infection” 

was defined as a SARS-CoV-2 infection that had 
not been detected with a PCR test or a nasal or 
pharyngeal swab specimen. Patients in the “de-
tected infection” state remained there for only 1 
cycle, during which they entered a probability tree, 
which allocated patients through various levels of  
COVID-19 treatment (ambulatory care, hospitali-
zation, hospitalisation + mechanical ventilation) 
to their ultimate resolution (recovered or dead). 
The authors assumed that no reinfection occurs 
within the 1-year period [5]. 

To compare the impact of age-based vacci-
nation prioritization strategies, the incremental 
cost-effectiveness ratio (ICER) versus no vaccine 
was calculated for the “general population” and se-
lected subpopulations: aged 30–39, 40–49, 60–69,  
and > 80 years. 

COVID-19-related transition probabilities were 
estimated based on Polish epidemiological data 
(Table I). In the base-case scenario for the general 
population, the weekly infection rate was calcu-
lated using data on the number of new cases in 
the first week of January 2021. For each age group 
the weekly infection rate was calculated based on 
data on the proportion of a given age group in the 
total number of cases and the size of a  specific 
subpopulation. 

The case-fatality ratio (CFR) for the general 
population was calculated for cases from the first 
week of January 2021, assuming a  14-day time 
lag between case diagnosis and death occurrence 
[6, 7]. For each age group an age-specific CFR was 
applied based on data from the EWP register,  
November 2, 2020. In the base-case scenario 
a constant incidence rate and CFR were assumed 
over time. All-cause mortality was applied based 
on Polish life-expectancy tables for the total 

Figure 1. Model of SARS-CoV-2 infection and COVID-19 progression. Arrows show the transition between health 
states. Death from “detected infection” is due to COVID-19; death from other health states is due to other causes
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Table I. Parameters and base-case values used in the model

Parameter Base-case values Source

Epidemiological parameters

Weekly attack rate:
General population
Population aged > 80
Population aged 60–69
Population aged 40–49
Population aged 30–39

0.00166
0.00167
0.00145
0.00244
0.00207

Calculated using data on the number of new 
cases in the first week of January 2021

Calculated based on data on the proportion of 
a given age-group in the total number of cases 

and the size of specific subpopulation

Case-fatality rate 
General population
Population aged > 80
Population aged 60–69
Population aged 40–49
Population aged 30–39

3%
16.31%
2.62%
0.19%
0.08%

Calculated for cases from the first week of 
January 2021 assuming a 14-day time lag 

between case and death occurrence
Age-specific CFR: EWP register, November 2, 

2020 

Non-COVID 19 mortality rates
General population
Population aged > 80
Population aged 60–69
Population aged 40–49
Population aged 30–39

0.000205
0.001993
0.000314
0.000048
0.000023

  
 [7]

Undetected infections: detected 
infections ratio

1.08 [8]

Vaccine efficacy 

1. dose
2. dose

52%
95% [4]

Treatment

Proportion of patients treated 
in hospital among all detected 
cases
General population
Population aged > 80
Population aged 60–69
Population aged 40–49
Population aged 30–39

6%
51%
19%
3%

2.2%

Calculated from Polish data January 2021*
Calculated based on data on the proportion 
of a given age-group in the total number of 

hospitalised cases [15]

Proportion of patients admitted 
to an intensive care unit (ICU) 
and being placed on a ventilator 
among hospitalised patients
General population
Population aged > 80
Population aged 60–69
Population aged 40–49
Population aged 30–39

10%
28%
10%
10%
10%

Calculated from Polish data January 2021**
[9]

Event duration

COVID-19 symptoms among all 
confirmed infections

14 days [14]

Hospitalization among detected 
infections not requiring ICU or 
ventilator

11.54 days [16]

Hospitalization among detected 
infections with ventilator as
highest level of care

14.56 days [16]

Duration of symptoms before 
hospitalisation

4 days [15]

Health state utility parameters

Detected infection symptoms 
disutility weight

0.19 [13]
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population in the case of the general popula-
tion, or age-specific populations in the cases of 
subpopulations aged 30–39, 40–49, 60–69, and  
> 80 years [8]. Based on epidemiological data and 
mathematical models, the ratio of undetected to 
detected infections was assumed to be 1.08 [9]. 
The proportion of infected people requiring hos-
pitalisation or admitted to the intensive care unit 
(ICU) and being placed on a ventilator were cal-
culated from the data reported by Polish Minis-
try of Health in January 2021 and from [10]. The 
expected number of life years lost due to deaths 
from COVID-19 were calculated using expected 
survival by age as predicted by Statistics Poland 
in 2019 [7]. Age-specific utility values for individu-
als without detected infection, obtained using the 
3-level EQ-5D (EQ-5D-3L) questionnaire in a large, 
representative sample of the Polish population 
[11], were used to calculate the present value of 
the quality-adjusted life-years (QALYs) lost due 
to COVID-19 death, assuming a 55:45 male-to-fe-
male ratio [12] and applying a 3.5% discount rate 
[13]. A  QALY decrement attributable to the time 
spent with COVID-19 symptoms was applied to 
anyone experiencing a detected infection. Disutil-
ity weights were obtained from a  recent report 
on pricing models for COVID-19 treatments pub-
lished by the Institute for Clinical and Economic 
Review, in which the disutility weights were de-
rived from data collected in patients experiencing 
influenza and Clostridium difficile infection [14]. 
In our analysis these weights were applied for 
each day that a  patient experienced symptoms 
and was hospitalised for COVID-19, dependent 
on their level of care. COVID-19 symptoms were 
assumed to persist for 14 days in all non-hospital-

ized patients, representing the median time from 
onset to clinical recovery for mild cases reported 
by the World Health Organization (WHO)-China 
Joint Mission on COVID-19 [15]. The duration of 
symptoms before hospitalisation was assumed 
to be 4 days [16]. For individuals hospitalized for 
COVID-19, a length of stay (LOS) of 11.54 (95% CI: 
11.4–11.7) days was assumed, representing the 
mean LOS among non-severe patient categories 
hospitalized with COVID-19 reported in a  me-
ta-analysis of results from 9 studies [17]. Longer 
estimates of 14.56 (95% CI: 14.23–14.90) days 
were assumed for patients treated in the ICU with 
ventilation, reflecting the mean LOS among severe 
patient categories reported in a meta-analysis of 
results from 11 studies [17]. Although there is evi-
dence of long-term COVID-19 health consequenc-
es [18], we did not include these in the model to 
be conservative.

Vaccine efficacy was modelled as reducing the 
probability of transitioning from the “susceptible” 
state to the “detected infection” state. Single-dose 
efficacy was 52%, and 2-dose efficacy was 95% 
[4]. In the base-case scenario the vaccine efficacy 
was assumed to remain at the same level for the 
1-year time horizon of the analysis. 

A  Polish public health care payer perspective 
was used, and all costs are reported in 2020 PLN 
(average exchange rate in 2020: 1 EUR = 4.44 
PLN). In the base-case analysis unit costs calcu-
lated by the Polish Agency for Health Technology 
Assessment and Tariff System (AOTMiT) were ap-
plied [19, 20]. The vaccine cost was estimated as 
reported by the Ministry of Health in 2020 [21]. 

A  series of deterministic sensitivity analyses 
were conducted to investigate the impact of alter-

Parameter Base-case values Source

Detected infection 
hospitalization as highest 
setting disutility weight

0.3 [13]

Detected infection 
hospitalization with ventilator 
as highest level of care

0.6 [13]

Costs 

Vaccine (per dose) 38.05 PLN [19]

Vaccine administration (per dose) 61.24 PLN [18]

COVID-19 treatment: ambulatory 
care only (per event)

370 PLN 2 physicians visits (140 PLN/consultation) + 
test (90 PLN)

COVID-19 treatment: 
hospitalisation without 
ventilator (per day)

1026 PLN [22]

COVID-19 treatment: 
hospitalisation with ventilator 
(per day)

4321 PLN [22] 

*Number of patients treated in hospital/number of active infections. **Number of patients admitted to an intensive care unit (ICU) and 
being placed on a ventilator/number of patients treated in hospital.

Table I. Cont.
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native inputs and assumptions, including alterna-
tive sets of infection rates (±50% of the base case 
values), alternative CFR (±50% of the base case val-
ues), vaccine efficacy (0% after first dose and 50% 
after second dose), proportion of patients treated in 
hospital (±50% of the base case values), treatment 
costs (330 PLN per day in hospital, 1154 PLN per 
day under ventilation), duration of hospitalisation 
(13.79 and 15.96 days), vaccination cost (80 PLN 
per dose of vaccine; 95.70 PLN per administration), 
and age-specific utility values for individuals with-
out detected infection obtained using EQ-VAS [11]. 
We provide also a  real-life scenario in which the 
effectiveness of the vaccine decreased with time 
after vaccination, according to data provided by 
a  retrospective cohort study evaluating the effec-
tiveness of Comirnaty among members of a large 
integrated health-care system in the USA until  
6 months after full vaccination [22]. In this scenario 
effectiveness against infection declined from 88% 
during the first month after full vaccination to 47% 
after 5 months in the general population, from 89% 
to 39% for those aged 30–39 years, from 87% to 
50% for those aged 40–49 years, and from 80% to 
43% for those aged 60 years and older [22].

Results

The number of detected infections, deaths, and 
costs per 1000 individuals expected in 1 year for 
scenarios without the vaccine and with a vaccine 
in different populations are presented in Table II. 
The number of detected infections prevented by 
vaccination per 1000 individuals depends on the 
SARS-CoV-2 attack rate in a given population, and 
under base case assumptions this amounts to 

72.5 in the general population, 88.75 in individu-
als aged 30–39 years, 102.57 in individuals aged 
40–49 years, 63.64 in individuals aged 60–69 
years, and 69.16 in individuals aged > 80 years. 
The number of deaths prevented by vaccination 
per 1000 individuals in the general population is 
2.1, and it varied from 0.07 in the subpopulation 
aged 30–39 years to 10.9 in the subpopulation 
aged > 80 years, depending on the CFR in individu-
al age groups. Scenario analysis showed that both 
the number of detected infections and the num-
ber of deaths prevented by vaccination decreases 
as the attack rate or vaccine efficacy decreases.

The costs in the scenario without vaccination 
increase as the risk of hospitalization increases, 
and in the subpopulation aged > 80 years they 
are approximately 10 times higher than in the 
subpopulation aged 30–39 years. In the scenario 
with vaccination, the main cost driver in all ana-
lysed groups is the cost of vaccine and vaccine ad-
ministration. By lowering the number of detected 
infections, vaccines reduce the treatment cost. In 
the younger age groups with lower risk of hospi-
talisation and, in consequence lower mean cost 
per patient treated (727 PLN and 872 PLN in indi-
viduals aged 30–39 and 40–49 years, respective-
ly; Table III), reduction of treatment costs due to 
vaccination is too small to compensate expenses 
linked to vaccination. In contrast, in older subpop-
ulations with higher risk of hospitalisation and, in 
consequence higher mean cost per patient treated 
(3537 PLN in individuals aged 60–69 years, 13,632 
PLN in individuals aged > 80 years; Table III),  
vaccination generates savings in comparison to 
no vaccination. 

Table II. Number of detected infections, deaths, and costs per 1000 individuals expected in 1 year for scenarios 
without the vaccine and with a vaccine in different populations under base-case and extreme scenario assump-
tions

Population Cost per 1000 individuals (PLN) 
base-case 

(worst; best scenario)

Number of expected deaths per 
1000 individuals base-case 

(worst; best scenario)

Number of detected infections 
per 1000 individuals base-case 

(worst; best scenario)

No vaccine Vaccine No vaccine Vaccine No vaccine Vaccine

General 
population

104,652.83
(20,490.69; 
231,806,60)

206,889.36
(362,376.02;
217,574.22)

2.28
(0.59; 4.92)

0.18
(0.32; 0.4)

78.74
(41.14; 113.04)

6.23
(22; 9.19) 

Population 
aged 30–39

68,349.94
(20,889.47; 
134,676.01)

204,047.87
(362,614.66; 
209,779.10) 

0.0745
(0.02; 0.16)

0.006
(0.01; 0.013)

96.46
(50.88; 137.28)

7.71
(27.28; 11.33)

Population 
aged 40–49

94,886.64
(25,497.64; 
190,051.71)

206,315.64
(365,121.68; 
214,655.69) 

0.2
(0,054; 0.43)

0.017
(0.029; 
0.037)

111.6
(59.4; 
157.4)

9.03
(31.94; 13.22)

Population 
aged 60–69

237,785.04
(28,693.99; 
572,192.99)

217,435.59
(366,750.40;  
245,016.28)

1.75
(0.45; 3.79)

0.139
(0.24; 0.31)

69.07
(38.88; 99.72)

5.43
(19.17; 8.03)

Population 
aged > 80

1,000,022
(79,067.4; 

2,398,180.7)

279,855.02
(393,878.06; 
399,932.74)

11.86
(3.1; 25.45)

0.967
(1.67; 2.14)

75.23
(39.44; 107.39)

6.07
(21.16; 8.95)
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QALY gain in all analysed populations is primar-
ily driven by preventing deaths (Figure 2). Reduc-
tion of disutility experienced by patients due to 
the morbidity associated with COVID-19 has only 
a minimal effect on the amount of total QALY. Be-
cause the risk of COVID-19 death increases with 
age, QALY gain (total and assigned to deaths) is 
highest in older populations, although 1 death 

in individuals aged > 80 years leads to a  loss of 
2.12 QALY, while 1 death among individuals aged 
30–39 years leads to a loss of 19.9 QALY (Table III).

Results of incremental analyses are present-
ed in Table IV. In the base-case analysis, the in-
cremental cost per QALY gained associated with 
vaccinating the Polish general population is 6249 
PLN. For individuals aged 60–69 and > 80 years 
vaccination is less costly and more effective than 
no vaccination. The incremental cost per QALY 
gained when vaccinating individuals aged 40–49 
and 30–39 years is 28,135 PLN and 67,823 PLN, 
respectively. In the general population and in 
younger subpopulations ICER is most sensitive 
to the vaccine effectiveness, vaccine price, and 
SARS-CoV-2 attack rates. When vaccine efficacy is 
assumed to be 0% after the first dose and 50% 
after the second dose, or when SARS-CoV-2 at-
tack rates are assumed to decrease by 50%, the 
ICER for the subpopulation aged 30-39 years is 
above the standard willingness-to-pay-threshold, 
which in Poland is 3 × GDP/per capita (147,024 
PLN/QALY gained in 2020). In the real-world sce-
nario, in which the effectiveness of the vaccine 
decreased with time, vaccination remained cost 
saving in the subpopulation aged > 80 years, and 
cost effective in the general population and sub-
populations aged 30–39, 40–49, and 60–69 years. 

Varying the probability of hospitalisation or 
cost of hospitalisations has more impact on the 
ICER in the subpopulation aged 60–69 years than 
in the younger groups. Under the worst scenario 
assumptions vaccination becomes non cost-ef-
fective in all analysed populations except individ-
uals aged > 80 years. Under base-case assump-
tions a vaccine targeted to the general population 

Table III. Mean weighted cost per patient treated due to COVID-19, mean weighted loss of QALY due to COVID-19 
treatment, and QALY lost per death due to COVID-19 under base-case and extreme scenario assumptions. For the 
worst scenario the following assumptions were made: single-dose efficacy 0% and 2-dose efficacy 50%; SARS-
CoV-2 attack rates, CFR and proportion of hospitalised patients 50% of base-case values, price of vaccine 80 PLN/
dose, treatment costs (330 PLN per day in hospital, 1154 PLN/day with ventilation), vaccination cost (80 PLN 
per dose of vaccine; 95.70 PLN per administration), age-specific utility values for individuals without detected 
infection, obtained using EQ-VAS. For the best scenario, the following assumptions were made: SARS-Cov-2 attack 
rates, CFR and proportion of hospitalised patients was assumed to be 150% of base-case values, duration of stay 
in hospital and in hospital with ventilation 13.79 and 15.96 days, respectively

Population Cost/patient treated
base-case

(worst; best scenario)

QALY lost/patient treated 
base-case

(worst; best scenario)

QALY lost/death
base-case 

(worst; best scenario)

General population 1,370.876
(512.13; 2103.40)

0.00763
(0.00746; 0.00797)

7.54
(5.66; 7.54)

Population aged 30–39 727.3
(422,1; 1005.58)

0.00741
(0.00735; 0.00754)

19.87
(16.25; 19.87)

Population aged 40–49 872.35
(441,06; 1236.7)

0,00746
(0.00737; 0.00763)

17.09
(13.56; 17.09)

Population aged 60–69 3,536.628
(822.44; 5887.99)

0.00838
(0.00783; 0.00947)

10.43
(7.91; 10.43)

Population aged > 80 13,632.02
(2058.89; 22,870.32)

0.01157
(0.00943; 0.01525)

2.12
(1.55; 2.12)

Figure 2. QALY gained per 1000 individuals ver-
sus no vaccination: total and assigned to deaths. 
Values obtained in base case, worst and best 
scenarios. For the worst scenario the following 
assumptions were made: single-dose efficacy 0% 
and 2-dose efficacy 50%; SARS-CoV-2 attack rates, 
CFR and proportion of hospitalised patients 50% 
of base case values, price of vaccine 80 PLN/dose, 
treatment costs (330 PLN per day in hospital, 1154 
PLN/day with ventilation), vaccination cost (80 PLN 
per dose of vaccine; 95.70 PLN per administration), 
age-specific utility values for individuals without 
detected infection, obtained using EQ-VAS. For 
the best scenario the following assumptions were 
made: SARS-Cov-2 attack rates, CFR and proportion 
of hospitalised patients was assumed to be 150% 
of base case values, duration of stay in hospital 
and in hospital with ventilation 13.79 and 15.96 
days, respectively

 General  Population Population Population Population
 population aged  aged aged aged
  30–39 40–49 60–69 > 80

 Assigned to deaths         Total
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Table IV. Results of incremental analysis

Scenario Incremental cost per QALY gained [PLN]

General  
population

Population  
aged 30–39

Population  
aged 40–49

Population  
aged 60–69

Population  
aged > 80

Base-case 6249 67,823 28,135 Cost saving Cost saving

Attack rate: 

 + 50% 2,571 38,076 13,718 Cost saving Cost saving

 –50% 17,337 156,210 72,191 9445 Cost saving

Case-fatality rate:

 +50% 4,220 50,374 20,103 Cost saving Cost saving

 –50% 12,093 102,270 47,565 Cost saving Cost saving

Proportion of patients treated in hospital:

 +50% 4104 59,468 21,940 Cost-saving Cost saving

 –50% 8404 75,576 34,607 4505 Cost saving

Vaccine efficacy (0% after first dose and 
50% after second dose)

18,481 168,598 79,535 10,340 Cost saving

Vaccine efficacy declines with time (real-
word scenario)1

13,036 135,337 54,423 6976 Cost-saving

Treatment costs (330 PLN per day in 
hospital, 1154 PLN/day with ventilation)

9316 78,823 37,172 6927 Cost saving

Event duration (hospitalisation 13.79 
days; hospitalisation with ventilation 
15.96)

5552.07 65,191 26,044 Cost saving Cost saving

Age-specific utility values for individuals 
without detected infection, obtained 
using EQ-VAS 

8248.07 77,419.56 33,802.50 Cost saving Cost saving

Vaccination cost (80 PLN per dose of 
vaccine; 95.70 PLN per administration)

15,592 144,181 66,714 7668 Cost saving

Worst scenario2 201,178 1,081,363 631,849 188,674 131,329 

Best scenario3 Cost-saving 19,613 3,127 Cost-saving Cost-saving
1In the real-word scenario the effectiveness of the vaccine in fully vaccinated individuals decreased with time after vaccination: from 88% 
during the first month after full vaccination to 47% after 5 months for the general population, from 89%  to 39% for those aged 30– 
39 years, from 87%  to 50% for those aged 40–49 years, and from 80% to 43% for those aged 60 years and older [19]. 2For the worst 
scenario, the following assumptions were made: single-dose efficacy 0% and 2-dose efficacy 50%; SARS-CoV-2 attack rates, CFR and 
proportion of hospitalised patients 50% of base case values, price of vaccine 80 PLN/dose, treatment costs (330 PLN per day in hospital, 
1154 PLN/day with ventilation), vaccination cost (80 PLN per dose of vaccine; 95.70 PLN per administration), age-specific utility values for 
individuals without detected infection, obtained using EQ-VAS. 3For the best scenario, the following assumptions were made: SARS-Cov-2 
attack rates, CFR and proportion of hospitalised patients was assumed to be 150% of base-case values, duration of stay in hospital and in 
hospital with ventilation 13.79 and 15.96 days, respectively.

would have to be priced at over 1200 PLN per 
dose to exceed the ICER threshold of 147,025 
PLN/QALY. Under the worst scenario assumptions 
the vaccine would have to be priced at 35 PLN per 
dose to exceed an ICER threshold value when tar-
geted to the general population.

Discussion

Results of the cost-effectiveness analysis show 
that the Comirnaty vaccine is good value for mon-
ey, even though the model considers benefits re-
lated to reducing the probability of a symptomatic 
SARS-CoV-2 infection and only direct health care 
system costs. The value of vaccination is primar-
ily driven by the risk of hospitalisation and risk 
of death in different age groups. Vaccination ap-

peared to be cost saving in subpopulations with 
high risk of hospitalisation and high incidence of 
ventilation. ICER increases as the risk of hospital-
isation and the risk of death decrease. Our model 
shows that in adults aged 30–49 years more in-
fections can be prevented due to vaccination, but 
mortality and QALY loss are minimised more when 
the vaccine is targeted to adults over 60 years old. 
This evidence indicates that the best option for 
preventing morbidity and mortality in the initial 
phase of the vaccination programme is to direct-
ly protect persons most at risk. In the situation 
of limited supply of vaccine, a  simple age-based 
strategy meets both ethical (providing direct pro-
tection to persons most at risk of morbidity and 
mortality) and economic criteria (where we can 
achieve the most health benefit for the money 
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spent). Wider use of COVID-19 vaccines will pro-
vide a better understanding of whether they can 
not only prevent infection, but also onward trans-
mission in the population. Data on vaccine impact 
on transmission will potentially change the ad-
vantage of vaccinating younger individuals, if vac-
cination is proven to prevent community spread. 
Recent evidence indicates that individuals aged 
20–49 years are the only age group sustaining 
resurgent SARS-CoV-2 transmission, with repro-
duction numbers well above one, and that at least 
65 of 100 COVID-19 infections originate from indi-
viduals aged 20–49 years [23]. Targeting transmis-
sion-blocking vaccines to adults aged 20–49 years 
might be an important consideration in halting 
resurgent epidemics and preventing COVID-19-at-
tributable deaths. 

The strength of this study is that the model re-
flects the course of SARS-CoV-2 infection in the Pol-
ish population, and given the constraints on vac-
cine availability, it might be helpful in rationalizing 
priority-setting decisions in the Polish setting. The 
key parameters influencing the value of vaccina-
tion, such as SARS-CoV-2 attack rates, mortality, 
risk of hospitalisation, and vaccine effectiveness, 
were estimated based on data available in Janu-
ary 2021, i.e. when the vaccination programme 
started in Poland. A  recently published study 
showed that the efficacy of Comirnaty peaked at 
96.2% during the interval from 7 days to less than  
2 months after the second dose and declined 
gradually to 83.7% from 4 months after the sec-
ond dose to the data cut-off date – an average 
decline of approximately 6% every 2 months 
[24]. Series of deterministic sensitivity analysis 
showed that vaccination remained cost-effective 
over a  wide range of parameters, including vac-
cine efficacy (0% after first dose and 50% after 
second dose). However, it should be noted that 
longer-term estimates are highly uncertain due to 
possible changes in policy, individual behaviour, 
SARS-CoV-2 virulence, and updated evidence on 
vaccine effectiveness in a  real-life setting. The 
model should therefore be continually refined 
based on the availability of new data. 

Our model quantifies the potential impact of 
the vaccine on cumulative incidence, mortality, 
and QALY lost. Consistent with available evidence, 
the vaccine’s ability to block transmission was not 
included. Future data on the impact of the vaccine 
on the spread of infection would undoubtedly al-
low more comprehensive assessment of the value 
of vaccination, mainly in the younger population.

Certain limitations of the study should be men-
tioned. The variation in both disease susceptibility 
and disease severity was addressed by age only, 
while other factors may play a role, e.g. viral muta-
tion, occupations predisposing to frequent contact 

with SARS-CoV-2-infected persons, comorbidity, or 
access to health care. However, current evidence 
strongly indicates that the single greatest risk of 
mortality from COVID-19 is age [25]. Because the 
prevalence of comorbidity increases with age, an 
age-based prioritisation strategy is also likely to 
increase vaccine uptake in those with clinical risk 
factors. Vaccinating adolescents is anticipated to 
contribute to a reduction in SARS-CoV-2 transmis-
sion in the broader population. However, based 
on available data, this remains difficult to assess. 
There is currently some uncertainty regarding the 
relative contribution by adolescents to the trans-
mission of SARS-CoV-2 in the wider community. 
Once a large proportion of adults are vaccinated, 
susceptible children and adolescents will account 
for a  higher proportion of continued infections 
in the community contributing to transmission. 
Further studies conducted after detection of the 
SARS-CoV-2 variants with higher transmissibility 
will be needed to assess benefits from vaccination 
in children and adolescents. Moreover, the model 
should be continually refined based on the avail-
ability of new data, e.g. booster recommendations.

Furthermore, although health-care workers 
were the first vaccinated group in Poland, our 
model did not assess the value of vaccination of 
priority. This value would be underestimated with-
out including other factors that cannot be reflect-
ed in ICER but should be considered in vaccine 
prioritization, which contributes to the health and 
well-being of the community [26].

Our analysis does not include costs of produc-
tivity loss and other societal costs associated with 
restrictions aimed at limiting the spread of the 
virus. Because the younger population is most im-
pacted by them, considering societal costs in the 
analysis would augment the cost-effectiveness of 
the vaccination programme in this age group. We 
have conservatively not included other costs that 
might potentially be reduced by vaccination: costs 
associated with diagnostic testing, costs indirect-
ly associated with COVID-19 (such as cost of de-
pression or cost linked to exacerbation of diseases 
due to pandemic-related delay in treatment), and 
costs of long-term COVID-19 complications. Tak-
ing these costs into account would make vaccina-
tion even more cost effective in comparison to no 
vaccination. 

Public health and economic impacts of a hypo-
thetical vaccine for SARS-CoV-2 were assessed in 
3 published studies, all performed before the start 
of the vaccine programmes [13, 27, 28]. The epide-
miological models used in these studies were cal-
ibrated to the observations in spring 2020, while 
our model was based on data available in Janu-
ary 2021. In terms of the time horizon (1-year),  
modelling technique (Markov model), and out-
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come measure (QALY gained), US studies [14, 28] 
were similar to our analysis. A Danish study [27] 
used a  differential equation model and a  time 
horizon of 6 months, and reported outcome with 
gained life years. According to country-specific re-
quirements, the results were discounted at a 3% 
discount rate in US studies, and 2% and 4% in 
the Danish study. Assumptions regarding vaccine 
efficacy and costs were also different: efficacy 
90%/ 100 USD per course [28], 2-dose efficacy of 
60% and single-dose efficacy of 40% and 25% of 
2-dose efficacy for those aged 18–54 years and  
> 55/70 USD per course [14], efficacy 100%/300 
to 500 DKK per course [27]. One US study included 
costs of the productivity loss [28], and the Dan-
ish study assumed that vaccination would reduce 
testing costs [27].  

Similarly to our cost-effectiveness analysis, all 
the above-mentioned studies found vaccination 
to be good value for money in comparison to 
no vaccination. Padula et al. reported that in the 
entire US population, treatment and vaccination 
were more efficient than social distancing alone, 
although a  vaccination program would provide 
greater QALY gains and reduce costs more signifi-
cantly than a treatment option based on current-
ly available data about COVID-19 outcomes [28]. 
Kohli et al. divided the population into groups 
based on age; risk and age; and occupation and 
age, and they reported that vaccination would be 
cost saving in the population at highest risk of 
complications from COVID-19 (among those aged 
> 65 years), and in other risk groups the ICERs 
would be well under standard willingness-to-pay 
thresholds cited in the US, which range from 
$50,000 to $150,000 per QALY gained [14].  

Debrabant et al. demonstrated that vaccination 
of the population aged > 60 years in most cases 
is more cost effective than a vaccination strategy 
targeted only at the population aged > 60 years. 
Furthermore, the results show that an extension 
of the target group from the elderly population 
only to also include younger populations comes 
with an increasing cost per life year gained [27].

In conclusion, COVID-19 vaccination turns out 
to be a  highly cost-effective intervention in the 
Polish setting. Our study indicates that given the 
current epidemiological situation in Poland, the 
best option for preventing morbidity and mortality 
in the initial phase of the vaccination programme 
is to directly protect the population with highest 
risk of morbidity and mortality. When prioritiza-
tion is required due to supply constraints, vacci-
nation of the elderly is justified because it allows 
the highest number of QALY gained and generates 
savings for the health care system. Continually 
updating the model based on new information 
concerning real-life vaccine effectiveness and the 

epidemic course is required to refine the prioriti-
sation scheme in the future.
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