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Abstract 

Background  Vaccination has played a pivotal role in reducing the burden of COVID-19. Despite numerous studies 
highlighting its benefits in reducing the risk of severe disease and death, we still lack a quantitative understanding 
of how varying vaccination roll-out rates influence COVID-19 mortality.

Methods  We developed a framework for estimating the number of avertable COVID-19 deaths (ACDs) by vaccina‑
tion in Iran. To achieve this, we compared Iran’s vaccination roll-out rates with those of eight model countries that pre‑
dominantly used inactivated virus vaccines. We calculated net differences in the number of fully vaccinated individu‑
als under counterfactual scenarios where Iran’s per-capita roll-out rate was replaced with that of the model countries. 
This, in turn, enabled us to determine age specific ACDs for the Iranian population under counterfactual scenarios 
where number of COVID-19 deaths are estimated using all-cause mortality data. These estimates covered the period 
from the start of 2020 to 20 April 2022.

Results  We found that while Iran would have had an approximately similar number of fully vaccinated individuals 
under counterfactual roll-out rates based on Bangladesh, Nepal, Sri Lanka, and Turkey (~ 65–70%), adopting Turkey’s 
roll-out rates could have averted 50,000 (95% confidence interval: 38,100–53,500) additional deaths, while follow‑
ing Bangladesh’s rates may have resulted in 52,800 (17,400–189,500) more fatalities in Iran. Surprisingly, mimicking 
Argentina’s slower roll-out led to only 12,600 (10,400–13,300) fewer deaths, despite a higher counterfactual percent‑
age of fully vaccinated individuals (~ 79%). Emulating Montenegro or Bolivia, with faster per capita roll-out rates 
and approximately 50% counterfactual full vaccination, could have prevented more deaths in older age groups, 
especially during the early waves. Finally, replicating Bahrain’s model as an upper-bound benchmark, Iran could have 
averted 75,300 (56,000–83,000) deaths, primarily in the > 50 age groups.

Conclusions  Our analysis revealed that faster roll-outs were consistently associated with higher numbers of averted 
deaths, even in scenarios with lower overall coverage. This study offers valuable insights into future decision-
making regarding infectious disease epidemic management through vaccination strategies. It accomplishes this 
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by comparing various countries’ relative performance in terms of timing, pace, and vaccination coverage, ultimately 
contributing to the prevention of COVID-19-related deaths.

Keywords  COVID-19, Vaccination, Excess mortality, Counterfactual scenarios, Decision-making

Background
On 4 May 2023, the World Health Organization 
(WHO) determined that the public health emergency 
phase of the COVID-19 pandemic was over and laid out 
recommendations for countries on their transition into 
the long-term management of COVID-19, among other 
infectious diseases [1]. While the announcement that 
the healthcare emergency was declared over may have 
brought some relief to the public, it did not signify an 
end to the pandemic. As such, governments still need 
to stay vigilant and support the global effort to take 
necessary actions for suppressing COVID-19 transmis-
sion and reducing the burden of the disease. Among the 
various public health measures that were implemented 
throughout the pandemic, maximising the impact of 
vaccination worldwide has been a key factor in bring-
ing the public health emergency to an end [2]. In this 
respect, lessons derived from national COVID-19 vac-
cination campaigns worldwide are crucial as they dem-
onstrate the successes and shortcomings of different 
countries in reducing the burden of disease during a 
public health emergency.

Since early 2021, vaccination has been a major con-
tributor to reducing the burden of COVID-19 globally 
[3, 4]. However, its benefits were not equitably distrib-
uted to every country partly due to challenges with the 
production, distribution, and affordability of vaccines 
[5, 6] despite efforts to fairly allocate them globally [7] 
and partly due to vaccine hesitancy [8], which remains 
a threat to global health. While many studies have 
focused on quantifying the effectiveness of vaccina-
tion campaigns by estimating the number of prevented 
deaths as a result of vaccination [3, 9–11], fewer stud-
ies focused on quantifying the impact of national vac-
cination programmes’ speed and timings on reducing 
the burden of COVID-19 [12–15]. These studies mainly 
investigated the economic and epidemiological impacts 
of vaccine roll-out timing and speed on disease burden 
under hypothetical scenarios of fixed or time-varying 
roll-out rates. However, very limited attention has been 
given to quantitatively comparing countries’ relative 
performance based on their vaccine roll-out rates on 
reducing the burden of COVID-19. Such comparisons 
would allow for the identification of countries with best 
practices in implementing effective vaccination pro-
grammes, highlight global disparities in vaccination 
roll-outs, provide a basis for evaluating the impact of 

specific policies and strategies related to vaccination 
roll-out speed and timing, and promote a more data-
driven decision-making in public health.

By late April 2022, Iran had achieved a vaccination 
coverage of nearly three quarters of its eligible popula-
tion against COVID-19, which marked a relatively high 
level compared to many other upper-middle-income 
countries (UMICs) and lower-middle-income countries 
(LMICs) [16]. During this period, approximately 80% 
of administered doses consisted of the BBIBP-CorV 
inactivated virus vaccine, while about 9% were home-
grown vaccines, primarily the BIV1-COvIran inactivated 
virus vaccine (Additional file  1: Tables S1 and S2). The 
remaining doses were mainly composed of AZD1222 
and Sputnik V viral vector vaccines. However, despite 
the high overall vaccination coverage, Iran’s performance 
fell short when compared to nearly all other LMICs 
and UMICs with similar vaccination coverage. Hav-
ing reported nearly 130,000 confirmed deaths and an 
excess death mortality twice as high by December 2021 
[17], Iran ranked 29th out of all 44 UMICs in terms of 
the number of averted deaths by vaccination per person 
(Additional file 1: Fig. S1) [3].

While several countries initiated the process of pur-
chasing vaccines towards the end of 2020 and early 2021 
through local production, bilateral advance purchase 
agreements, and the COVID-19 Vaccine Global Access 
Facility (COVAX) [18, 19], Iran faced several challenges 
with securing an adequate and timely supply of vaccines. 
This was partly due to limited global vaccine production 
capacity and high demand and in part due to geopolitical 
factors that were unique to Iran [20]. A prime example of 
geopolitical tensions was the decision to ban the impor-
tation of vaccines from the USA and UK to Iran [21]. 
The country was also not included in the first interim 
distribution forecast list from COVAX and received 
its first batch on 5 April 2021 [22] while several other 
countries received them nearly a month earlier [23, 24]. 
These factors, along with several others such as delayed 
home-grown production of vaccines and importations 
from other countries, contributed to the postponed com-
mencement of the vaccination campaign in Iran. Conse-
quently, 6 months after the start of their vaccination, less 
than 5% of the Iranian population had been fully vacci-
nated [20].

A range of public health interventions such as lock-
downs, social distancing, contact tracing, and mask 
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wearing in public spaces played a crucial role in miti-
gating the burden of COVID-19 with varying degrees of 
effectiveness [25]. As the mass production of vaccines 
ramped up in 2021, countries began to plan the relaxa-
tion of restrictions in tandem with the accelerated pace 
of vaccination roll-out. During this period, the pivotal 
role of effective vaccination strategies in reducing the 
burden of disease became increasingly important. This 
context underscores the importance of evaluating Iran’s 
vaccination campaign, as it provides a unique oppor-
tunity to understand the impact of delayed vaccination 
on reducing the number of vaccine-preventable deaths. 
It can also shed light on the factors that contributed to 
the increased burden of COVID-19 relative to countries 
with faster vaccination roll-out and identify potential 
problems and best practices in vaccination strategies 
that can be applied more broadly to other countries in 
the future.

In this work, we developed a framework to retroac-
tively calculate the age-stratified number of avertable 
deaths in Iran had the country followed the same per 
capita roll-out rates as other countries. By selecting eight 
model countries that predominantly vaccinated their 
populations with inactivated virus vaccines, we exam-
ined the impact of vaccination programme start dates, 
roll-out rates, and overall coverage on avertable COVID-
19 deaths (ACDs) in Iran. Our main focus was to esti-
mate the number of avertable deaths by vaccination and 
not other public health interventions such as lockdowns 
which have also been shown to play a major role in shap-
ing the burden of disease in Iran [26]. In the end, we dis-

cussed a few key public health decisions that may have 
contributed to the delayed start of vaccination in Iran.

Methods
We collected all-cause mortality data from Iran’s National 
Organisation for Civil Registration (https://​www.​sabte​
ahval.​ir/​en) and the number of fully vaccinated individu-
als from Our World in Data [16] and the WHO dashboard 
[27]. We also obtained the economic status of each coun-
try from the World Bank income group in 2020 [28], a year 
prior to the start of vaccination campaigns in most coun-
tries. We selected candidate model countries with com-
parable income levels and predominant vaccine types to 
Iran, particularly those that mainly used inactivated virus 
vaccines such as the BBIBP-CorV vaccine by Sinopharm, 
as documented in the UNICEF COVID-19 Vaccine Market 
Dashboard [3, 29]. Since Iran was classed as UMIC before 
the commencement of vaccine distribution up to 2020 and 

LMIC from 2021 onwards, we included candidate model 
countries from both LMICs and UMICs with comparable 
income levels [28, 30, 31]. These countries include Argen-
tina (UMIC), Bangladesh (LMIC), Bolivia (LMIC), Mon-
tenegro (UMIC), Nepal (LMIC), Sri Lanka (LMIC), and 
Turkey (UMIC). We also included Bahrain, a high-income 
country (HIC), as an upper-bound benchmark for vaccine 
coverage and pace relative to Iran.

We assumed that the vaccination roll-out in selected 
countries would follow the same pattern where the older 
age groups and those at risk would be vaccinated first in 
a descending age order [32]. Since the information on the 
roll-out start dates for Iran is only available for the first 
dose in each age group, we assumed that the time differ-
ence in receiving the full dose (two doses for most vaccines, 
one or three for a few other manufacturers) between each 
consecutive age group is the same as the time difference for 
the primary dose (see Additional file 1: Table S3).

To calculate the net difference in the number of fully vac-
cinated individuals between Iran and modelled countries 
over time, we first took the per capita daily number of fully 
vaccinated individuals in model country M, rM(t) = nM(t)/PM, 
where n(t) is the daily number of fully vaccinated people and 
P is the total population size of the country. We then re-nor-
malised the per capita number of fully vaccinated individuals 
in country M with respect to Iran’s population size such that 
the counterfactual number of fully vaccinated Iranians based 
on model country M would be, ñIran(t) = rM(t) PIran. The net 
difference in the daily number of fully vaccinated Iranians in 
age group i, Δn(i)(t), based on the counterfactual vaccine roll-
out rate of model country M then becomes:

where ᾶ(i)(t) and α(i)(t) represent the fraction of newly 
vaccinated individuals under counterfactual and factual 
scenarios, respectively, and n(i)

Iran is the number of fully 
vaccinated individuals in age group i in Iran at time t. 
The allocation of newly vaccinated individuals follows a 
descending age order, starting with the oldest age group 
receiving the vaccines first. The time for subsequent 
younger age groups to begin vaccination is determined 
based on the number of days elapsed since the older 
age group received the primary dose (Additional file  1: 
Table S3).

The number of avertable deaths as measured from 
changes in excess mortality in age group i on day t as 
a result of net difference in vaccine roll-out rate under 
the counterfactual scenario based on model country M 
becomes:

�n(i)(t) = ñ
(i)
Iran(t)− n

(i)
Iran(t) = α̃(i)(t)rM(t)PIran − α(i)(t)n Iran(t)

D(i)(t) = (1− p(i)) 16

i=1
�n(i)(t − 14)

https://www.sabteahval.ir/en
https://www.sabteahval.ir/en
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where p(i) is the vaccine effectiveness against death in age 
group i ∈ {5–9,10–14, …,75–79, 80 +} years old. In other 
words, if there is no net difference in the number of fully 
vaccinated individuals on day t in age group i, there will 
not be any averted deaths due to vaccination 2  weeks 
later (i.e. D(i)(t + 14) = 0), and the number of daily deaths 
at time t + 14 will remain the same as the estimated 
excess deaths in that age group. We assumed that fully 
vaccinated individuals became protected against deaths 
from COVID-19 2  weeks after receiving the full dose 
and that the effectiveness of the vaccine against death is 
identical across all inactivated virus vaccines and remains 
the same over time such that p(i) = 0.923 (95% confidence 
interval: 0.672–0.982) for i > 60  years age groups and 
p(i) = 0.801 (95% confidence interval: 0.611–0.898) for 
i ≤ 60 years age groups [33].

We used a previously published model for calculating 
the number of COVID-19 deaths in Iran using excess 
mortality data across all age groups eligible to receive 
vaccination [32]. Age-stratified excess mortality also 
enabled us to take into account the age-dependent pro-
file of COVID-19 infection fatality ratio (see Figure. 2 in 
ref [32]). Our analysis covered the period from the start 
of the pandemic up to 20 April 2022 as the association 
between excess mortality and reported COVID-19 deaths 
weakened after the end of the Omicron BA.1/2 wave (see 
Additional file 1: Fig. S2).

Results
Our analysis revealed that by 20 April 2022, Iran had 
292,666 (95% confidence interval: 262,414–322,919) 
deaths associated with COVID-19 based on excess mor-
tality estimates and that 67.5% of the population were 
fully vaccinated. To further investigate the extent to 
which Iran’s performance could have been enhanced 

or diminished if alternative vaccination strategies 
were employed, we examined counterfactual scenarios 
whereby Iran’s vaccine roll-out rate was replaced with 
that of the model countries to see if Iran would have had 
more (or fewer) ACDs.

Our findings showed that for a fixed overall percentage 
of fully vaccinated individuals, faster roll-out rates were 
associated with higher ACDs. While the percentage of 
fully vaccinated Iranians based on a counterfactual vac-
cine roll-out rate from Bangladesh, Nepal, Sri Lanka, and 
Turkey would have roughly been the same (~ 65–70%), 
Iran could have averted as many as 50,000 (95% confi-
dence interval: 38,100–53,500) deaths if it had followed 
Turkey’s per capita roll-out rates and would have had as 
many as 52,800 (17,400-189, 500)  more deaths if it had 
followed Bangladesh (Table  1). This corresponds to a 
nearly 17% reduction in Iran’s excess mortality follow-
ing Turkey’s and an 18% increase in excess mortality fol-
lowing Bangladesh’s rates. The reason for this is Turkey 
started their vaccination programme two months earlier 
than Bangladesh (and Iran) and had a much faster per 
capita roll-out rate. Following Argentina’s per capita roll-
out rates, Iran would have only had a 4% reduction in 
excess mortality and averted as many as 12,600 (95% CI: 
10,400–13,300) deaths despite the fact that Argentina, 
similar to Turkey, had an early vaccination start date. This 
is because Argentina had a much slower roll-out rate and, 
as a result, fewer deaths would have been averted dur-
ing the Alpha and Delta waves in Iran, particularly in the 
older age groups (Table 2; also see Additional file 1: Fig. 
S2 and S3).

We also found that following either Montenegro’s or 
Bolivia’s per capita roll-out rates, Iran could have averted 
many more deaths in the older age groups despite having 
a 17–20% lower percentage of fully vaccinated individuals 

Table 1  Cumulative and age-stratified avertable COVID-19 deathsa (ACD) in Iran (and 95% confidence interval) based on the per 
capita vaccine roll-out rates from eight model countries

a Negative ACD represents counterfactual scenarios in which adopting the vaccination roll-out of a model country leads to a higher number of deaths than what Iran 
experienced based on its own (factual) roll-out rate
b This is based on the counterfactual rescaled vaccination rate of the model countries for the Iranian population by the end of the study period (20 April 2022). The 
percentage of fully vaccinated individuals in Iran by the end of this period was 67.5%

Model country Fully vaccinatedb ACD < 50 age groups ACD > 50 age groups Cumulative ACD

Argentina 78.6% 3200 (2300, 3400) 9200 (8100, 10,100) 12,600 (10,400, 13,300)

Bahrain 86.2% 12,200 (8900, 12,900) 63,200 (47,700, 70,100) 75,300 (56,000, 83,000)

Bangladesh 70.5%  − 20,000 (− 80,700, − 5800)  − 32,800 (− 108,800, − 11,700)  − 52,800 (− 189,500, − 17,400)

Bolivia 50.2%  − 8400 (− 37,800, − 1800) 1800 (− 21,600, 5500)  − 6600 (− 59,400, 3600)

Montenegro 46.9%  − 9100 (− 42,500, − 1800) 33,600 (32,800, 40,700) 31,000 (− 8900, 31,600)

Nepal 66.2%  − 12,400 (− 50,300, − 3600) 7200 (− 10,300, 8900)  − 5200 (− 60,600, 5300)

Sri Lanka 70.0% 2300 (1700, 2500) 21,800 (17,200, 21,900) 24,200 (18,900, 24,400)

Turkey 64.7% 3100 (2100, 3800) 46,200 (35,100, 51,500) 50,000 (38,100, 53,500)
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(see Table  1). This is because faster roll-out rates based 
on these model countries would have enabled many more 
individuals to be protected in the > 50 age groups dur-
ing the Alpha and Delta waves. However, due to their 
lower overall percentage of fully vaccinated individuals, 
as many as 8700 (95% CI: 2000–35,300) more individuals 
in the < 50 age groups could have lost their lives during 
the Omicron BA.1 wave (see Table 2). The reason for the 
wide uncertainty in the number of ACDs for these age 
groups is that if the vaccine effectiveness against death 
were very high (up to 90% protective against deaths), 
then having a lower coverage in younger age groups could 
have ended with many more deaths during the Omicron 
BA.1 wave (see the “Methods” section and Table 2).

To further investigate the impact of faster vaccine roll-
out rates on ACDs  in Iran, we also compared Bolivia’s 
and Nepal’s counterfactual vaccine roll-out rates. While 
both countries had similar overall outcomes in terms of 
cumulative ACDs by mid-April 2022 (see Table  1), fol-
lowing Nepal’s rates, Iran could have had as many as 
6400 (1800–26,000) more deaths during Alpha and Delta 
waves in younger age groups. On the other hand, follow-
ing Bolivia’s rates, Iran would have had  only 900 (300–
7600) more deaths over the same period and  age groups 
(see Table 2). This is despite the fact that Bolivia would 
have  had 16% lower overall coverage  compared to 
Nepal under counterfactual scenairos (see Table 1). This 
is also the same reason why Iran performed much worse 
than many other LMICs and UMICs with similar or even 
lower percentages of fully vaccinated individuals because 
during these two waves, particularly Delta, where the 
country had its highest per capita death rates (see Addi-
tional file  1: Fig. S2), it could have averted many more 
deaths if it were to vaccinate the population earlier.

Finally, we also compared Iran’s vaccination roll-out 
against Bahrain. This country had one of the fastest and 
most effective vaccination campaigns in the Eastern 
Mediterranean region [16], which can, therefore, pro-
vide a reasonable upper bound for the maximum num-
ber of ACDs in Iran. We found that following Bahrain’s 
model, a total of 75,300 (56,000–83,000) deaths could 
have been averted  in Iran during the first 2 years of the 
pandemic  --corresponding to approximately 26% reduc-
tion in Iran’s excess mortality (Table 1). The majority of 
these ACDs would have affected  the > 50 age groups dur-
ing the Alpha and Delta waves from mid-February to late 
December 2021 (Table  2; see also Additional file  1: Fig. 
S3).

Discussion
In this study, we developed a quantitative framework 
to retrospectively estimate the number of COVID-19 
vaccine-preventable deaths in Iran by using per-capita 
vaccine roll-out rates from other countries as a basis for 
comparison. Iran was selected as a case study due to the 
delayed start of its national vaccination campaign which 
has been suggested to have contributed to a higher mor-
tality and disease burden [20, 32, 34]. Our framework 
provides a simple and rapid assessment to gauge the 
impact of relative vaccination coverage, pace, and timing 
from different countries on avertable deaths. The method 
provides insight into the identification of countries with 
effective vaccination programmes, a basis for evaluat-
ing the impact of specific policies related to vaccination 
roll-out speed and timing, and encourages transparency 
and accountability in the management of vaccination 
programmes. The applicability of our method extends 
beyond the COVID-19 pandemic and can also aid future 

Table 2  Age-stratified avertable COVID-19 deathsa (ACD) in Iran based on the per capita vaccine roll-out rates from model countries 
at different stages of the epidemic in Iran. This includes ACDs during the Alpha and Delta waves (from 19 February 2021, to 22 
December 2021) and the Omicron BA.1 wave (from 5 January 2022, to 20 April 2022)

a Negative ACD represents counterfactual scenarios in which adopting the vaccination roll-out of a model country leads to a higher number of deaths than what Iran 
experienced based on its own (factual) roll-out rate

Country ACD < 50 age groups during 
Alpha and Delta

ACD < 50 age groups during 
Omicron

ACD > 50 age groups during 
Alpha and Delta

ACD > 50 age groups 
during Omicron

Argentina 2900 (2100, 3100) 300 (200, 300) 8800 (7800, 9700) 400 (300, 400)

Bahrain 11,600 (8500, 12,400) 500 (400, 500) 62,300 (47,000, 69,000) 900 (700, 1000)

Bangladesh  − 12,200 (− 49,300, − 3500)  − 7100 (− 28,900, − 2100)  − 19,600 (− 71,300, − 5700)  − 12,900 (− 36,500, − 5800)

Bolivia  − 900 (− 7600, 300)  − 7100 (− 28,600, − 2000) 9600 (7900, 11,500)  − 9600 (− 28,900, − 4100)

Montenegro 0 (− 5700, 900)  − 8700 (− 35,300, − 2500) 43,800 (33,500, 47,500)  − 3100 (− 13,600, − 700)

Nepal  − 6400 (− 26,000, − 1800)  − 5400 (− 21,800, − 1600) 9200 (− 1800, 9400)  − 1800 (− 7900, − 400)

Sri Lanka 2300 (1700, 2400) 0 (0, 100) 21,400 (16,900, 21,500) 400 (300, 400)

Turkey 4500 (3300, 4800)  − 700 (− 2700, − 200) 45,900 (34,800, 51,200) 200 (200, 300)
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decisions around vaccination strategies aimed at reduc-
ing the burden of other infectious diseases with epidemic 
and/or pandemic potential such as polio, influenza, and 
measles where vaccination timing and coverage among 
targeted age-groups is important [35–37].

Our findings revealed that had Iran followed the per 
capita roll-out rates of certain model countries, it could 
have potentially averted a significantly higher number 
of deaths, particularly during the first 9 months of 2021, 
due to their faster COVID-19 vaccine roll-out rates. The 
impact of faster roll-outs would have been far greater in 
averting deaths in the older age groups due to their ele-
vated infection fatality rate [38, 39],  whereas achieving 
higher overall coverage would have been more effective 
in preventing deaths in younger age groups. For instance, 
our results indicated that Iran could have saved nearly 
31,000 more lives if it had followed the fast roll-out rates 
of Montenegro despite having a 20% lower overall cov-
erage. This is because many more lives could have been 
saved in the older age groups during the Alpha and Delta 
waves despite having more deaths in the younger age 
groups during the Omicron BA.1 wave in Iran.

Comparisons with Bahrain, a country with a highly 
effective vaccination campaign, demonstrated that nearly 
75,000 more deaths could have been averted in Iran by 
following a similar model. These findings showed the 
potential benefits of early vaccination start dates but 
more importantly faster roll-out rates in reducing the 
disease burden. Another example of an early and  effec-
tive vaccination campaign is Israel which had a swift vac-
cination roll-out using predominantly mRNA vaccines. 
It experienced markedly lower per capita mortality rates 
during the Delta and Omicron waves compared to many 
other countries with slower vaccination rates [40]. These 
observations also align with the findings from observa-
tional studies showing that highly vaccinated communi-
ties experience significantly fewer deaths [41].

A key strength of the study lied in our reliance on 
excess mortality estimates rather than reported deaths 
for calculating ACDs, a method that has been shown to 
reliably capture the true death toll from COVID-19 in 
Iran as it avoids under-reporting biases [17, 32, 42]. Our 
estimates for ACDs should be interpreted as a conserva-
tive lower bound, as we did not incorporate the indirect 
effects of vaccination on reducing transmission rates 
and the complex interplay of other non-pharmaceuti-
cal interventions on lowering virus circulation which 
can in turn further contribute to increasing ACDs. To 
address these limitations, a comprehensive transmis-
sion dynamic model would be necessary, demanding rich 
data on parameters such as population infection history, 
waning immunity, and vaccine effectiveness across vari-
ants and vaccine types, a wealth of information lacking 

for many resource-constrained regions, including Iran 
[10]. Therefore, given the dearth of empirical data for 
precise parameter estimations [42] and risk of model 
over-parametrisation, we believe our model provides a 
fast and simple framework for estimating ACDs for Iran 
and other countries with similar limitations using excess 
mortality data which is readily available for most coun-
tries around the world and does not  greatly suffer from 
under-reporting biases [43, 44].

One of the major contributors to the delayed vaccina-
tion programme in Iran was the prioritisation of domes-
tic vaccine production over securing early deals with 
other vaccine producers through COVAX and bilateral 
agreements [45], particularly the emphasis on the local 
production of BIV1-COvIran vaccine from Barekat 
Pharmaceutical, a home-grown vaccine company which 
faced scaling challenges as well as concerns over trans-
parency and data sharing [46, 47]. Among the other 
missed opportunities in Iran’s vaccination programme 
in 2021 was the banning of 150,000 doses of the Pfizer-
BioNTech vaccine donated through Iran’s Red Crescent 
organisation which could have prevented thousands of 
COVID-19 deaths [20]. Given that mRNA vaccines elicit 
stronger humoral immunity relative to inactivated virus 
vaccines [50–52], it is plausible that they would have 
prevented more infections and deaths if they were more 
widely used or in combination with inactivated virus vac-
cines as heterologous vaccine regimens [53]. Another 
example of such missed opportunities was the decision 
not to participate in phase 3 clinical trials of inactivated 
virus vaccines. Iran’s Ministry of Health had a policy to 
only participate in such trials only if the manufacturer 
made a commitment to jointly collaborate with Iran in 
the technology transfer and production of vaccines. Such 
an agreement was only reached with the Finley Insti-
tute of Cuba which ran its phase 3 trials in Iran [48, 49]. 
However, this vaccine was not granted emergency use 
authorisation until much later and without any large 
importations from Cuba or local production in Iran, 
making up only 1.7% of all administered vaccine doses in 
Iran (see Supplementary Table 2) [20].

In contrast, some of the model countries included in 
this study such as Argentina, Bahrain, and Turkey all par-
ticipated in trials for inactivated virus vaccines and ben-
efited from securing more doses at earlier dates compared 
to Iran. This highlights the advantages of participating in 
such clinical trials for faster vaccine rollouts. Bangladesh, 
on the other hand, did not participate in any phase 3 trials 
[54] and Nepal’s vaccination roll-out was in part affected 
by the halting of vaccine exports from India which the 
country relied on in 2021 [55]. Additionally, Montenegro’s 
swift vaccine roll-out, despite not participating in clinical 
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trials, underscores the importance of rapid deployment of 
vaccines, especially in smaller-sized nations [56].

Closer examination of Iran’s COVID-19 vaccination 
experience also provides valuable insights for future 
public health policy decisions. The delay in initiating the 
vaccination campaign resulted from preventable factors, 
including the prohibition of vaccine imports from certain 
countries despite their proven safety and efficacy, delayed 
efforts to secure vaccine doses, and an over-reliance on 
the punctual delivery of domestically developed vaccines. 
These factors contributed to a lower number of vaccine-
preventable deaths in Iran, but their individual impact 
is not quantified in this study. The causes of delay high-
light undue political interference in the health sector, 
the absence of independent bodies to challenge politi-
cally motivated decisions, and a lack of transparency to 
address corruption allegations. The study underscored 
the importance of implementing the consensual and 
culturally sensitive principle of ‘Independent Review’ 
through the establishment of independent research com-
mittees, institutional review boards, and academic organ-
isations, serving as key lessons in research ethics and 
public health ethics [57].

Conclusions
In conclusion, this study provided a quantitative frame-
work to compare the performance of different countries 
based on their timing, pace, and coverage of vaccination 
and their impact on avertable COVID-19 deaths. It dem-
onstrated the critical role of faster roll-out rates on further 
reducing COVID-19 deaths, particularly during the waves 
of infection with the Alpha and Delta variants in older 
age-groups with highest risk of severe disease outcome 
and deaths and provided a means to find effective vaccina-
tion strategies in managing infectious disease epidemics 
based on country-level comparisons. More broadly, our 
modelling framework can provide a tool for policymak-
ers and public health officials to assess the successes and 
challenges of other countries, address disparities in vac-
cination, evaluate policy effectiveness, make data-driven 
decisions, and prepare for future health emergencies.
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