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Abstract
Vaccination campaigns are one of the factors that can help mitigate the adverse 
effects of viral pandemics. The aim of this paper is to understand the institutional 
factors that are associated with a higher success rate, measured by the percentage of 
vaccinated population against COVID-19 across countries. Along with supply side 
determinants, institutional factors, related, at the national level, to the organization 
of the healthcare sector, governance and organization of the State and social capital, 
and, at the subnational level related to the authority and autonomy of lower tiers of 
government, are important correlates of successful vaccination campaigns, suggest-
ing potential areas of public policy interventions.

Keywords  Institutional quality · Federalism · COVID-19 vaccination · Public health 
policy

JEL Classification  E65 · H77 · O50

1  Introduction

While the current COVID-19 pandemic is still ongoing, researchers warn against the 
possibility of new viral outbreaks (Carlson et al. 2022) thus suggesting the need to 
understand how to boost our ability to respond effectively. Vaccination campaigns 
are one instrument that can help mitigate the adverse effects of pandemics. The 
aim of this paper is to understand which institutional factors, both at the national 
and the subnational level, are associated with a higher success rate of a vaccination 
campaign, measured by the percentage of vaccinated population against COVID-19 
across countries. Singling out the institutional aspects related to a successful vac-
cination rollout may suggest areas for policy intervention aimed at strengthening 
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factors that will, in the event of future pandemics, contribute to curbing the negative 
consequences associated with them. Understanding the role of decentralization and 
subnational authority is also useful in light of other global challenges, which require 
the intervention of different government tiers, such as the climate change crisis.

2 � Theoretical background

Immunization programs are a key factor of a country’s public health strategy. 
A strand of the public health literature has thus explored whether institutional 
covariates are correlated with successful vaccination campaigns and identified 
the main supply and demand side factors associated with vaccine uptake from the 
population and, consequently, the overall rollout.

A set of papers have analyzed the interplay between vaccination rates and sup-
ply side factors, including the logistics of an immunization campaign (see Duijzer 
et  al. 2018 for a review). Zaffran et  al. (2013) examine vaccine supply chains, 
and stress how with more sophisticated vaccines, such as the ones used against 
COVID-19, logistical aspects become increasingly important, as does the inter-
play between national and subnational authorities in procuring, delivering and 
administering the doses to the population.

Other papers have focused instead on demand side factors, examining the 
determinants of vaccine hesitancy and the role of individual factors influencing 
uptake. Donkers et  al. (2015) show how the perceived seriousness of Mumps 
increases vaccination rates among Dutch university students. Similarly, in the 
context of the current pandemic, Viswanath et  al. (2021) show how individual 
perception of risk of becoming infected or by proximity with casualties from the 
disease, decreases vaccine hesitancy.

Another strand of research has examined the role of institutional variables, sug-
gesting how these might impact both the supply of vaccines and also influence vac-
cine hesitancy among the population. With respect to the former, Tatar et al. (2021) 
stress the importance of good governance and government effectiveness on vaccine 
rollout while Farzanegan and Hofmann (2021) document how countries with high 
levels of corruption have been less successful in vaccinating their populations.

Considering instead the latter, Jelnov and Jelnov (2022) show how a corrupt 
government is perceived by its citizens as more likely to promote an unhealthy 
vaccine, thus lowering trust and increasing vaccine hesitancy.

The role of national versus sub-national decision making level has been con-
sidered for vaccines in general (see e.g. Guyer et  al. 2000) and in the context 
of the immunization response to the current pandemic (Goel and Nelson 2021). 
Both papers examine the US context, where the main issue is coordination, or 
lack of, between the federal and state level, along with the degree of centraliza-
tion of public health authorities.

This set of findings thus forms the foundation for the present empirical work, 
which can be organized around a research question and a set of research hypotheses.
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Research Question  What are the main covariates of the success rate of a vaccina-
tion campaign? Are institutional factors among these?

Hypothesis 1  Does the relationship between covariates and the success rate of a 
vaccination campaign differ at different stages of the rollout?

Hypothesis 2  Does the relationship between institutional factors and success rate 
of a vaccination campaign differ if the former are at the national or subnational 
level?

3 � Empirical model and data

The dependent variable is the percentage of vaccinated people at different stages 
of the process: people who have received at least one dose (Vaccinated); those that 
have completed the official vaccination program, which differs according to the type 
of vaccine used and which, in several countries, has been made, in some form, man-
datory (Fully vaccinated); and those with additional booster doses, usually left to the 
discretion of citizens even in countries with mandatory programs (Additional).

Potential determinants are divided between baseline and institutional factors. 
The baseline specification includes supply side factors (number of types of vaccines 
available in the country throughout the vaccination campaign-Number of vaccine 
types- and a dummy variable indicating if the first vaccine used was of the MRNA 
technology or not- First vaccine-MRNA); the severity of the pandemic situation as 
measured by cumulated COVID-19 related deaths as of July 2020, corresponding to 
the first wave of the pandemic-COVID deaths; the percentage of population living in 
cities- Urban population (%) and a dummy variable indicating whether the country 
is organized as a federation or not- Federalist country.

Country-wide external, institutional conditions may influence the success of vac-
cination campaigns. There are both supply and demand side arguments. On the sup-
ply side, the organization of the healthcare sector is related to the availability and 
distribution of vaccines, while the organization of the State as unitary or federal may 
influence the logistics of procuring and distributing vaccines. The overall govern-
ance, organization and effectiveness of the public sector may work similarly. On the 
demand side, trust in the authority providing/imposing the vaccination program may 
enhance citizens’ willingness to enroll in it, as will the general levels of positive 
social capital. Institutional variables are thus related to the organization and access 
to the healthcare system, measured by the Universal Health Coverage index (UHC); 
measures of the institutional strength and organization of states (Government Effec-
tiveness and State Capacity Index); measures of social capital (Trust in national gov-
ernment and Index of participation) and the Index of democratization, which com-
bines information on electoral success of smaller parties with the voting turnout in 
elections, thus capturing the quality of the democratic system.

Another important institutional feature that might be associated with the vacci-
nation roll-out is related to subnational (i.e. regional) governments’ autonomy. To 
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this end, a measure of regional authority (Regional authority index) and one of its 
components, namely the level of regional autonomy in terms of policy formulation 
(Policy autonomy) are considered.

Figure 1 summarizes the empirical model, based on the Research Question and 
Hypotheses set forth in Sect. 2.

Table 7 provides information on data, sources and variables. The dataset com-
prises 86 countries (Table  8), although data availability of regressors causes, in 
some specifications, a decrease in observations.

4 � Results and discussion

In Sect.  4.1, results for the baseline specification are presented (Table  1), with a 
discussion of the magnitude of standardized coefficients (Fig. 2). Section 4.2 focuses 
on institutional factors, first taking into account country-level institutions (Tables 2, 
3, 4; Fig.  2), then considering more in depth the extent of subnational autonomy 
from the central government (Table 5, Fig. 3). 

4.1 � Baseline

In the baseline specification, the focus is on the main determinants of the percent-
age of vaccinated people at different stages of the process (columns1-3, Table 1). 
COVID deaths, which accounts for the cumulative death doll of the first wave, in 
June 2020 (Del Bo 2021), is positively correlated with the percentage of vaccinated 
population, irrespective of the stage in the process, in line with previous literature 
showing how increased perceived risk reduces vaccine hesitancy. Countries which 

Fig. 1   The empirical model
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have experienced a higher death toll from the pandemic in the initial phase, when 
vaccinations were not yet available, have been motivated to speed up the rollout and 
their population is probably more willing to accept and request vaccines, including 
boosters.

Table 1   Baseline specification

Macroregional effects included. Robust standard errors in brackets
*p < 0.1, **p < 0.05, ***p < 0.01

Dep. var. % Vaccinated % Fully vaccinated % Additional dose
(1) (2) (3)

COVID deaths 0.000265** 0.000252*** 0.000256***
[0.000101] [0.0000927] [0.0000957]

Number of vaccine types 0.0513*** 0.0429*** 0.0150*
[0.0122] [0.0117] [0.00862]

First vaccine-MRNA 0.0395 0.0595 0.0994**
[0.0403] [0.0411] [0.0455]

Urban population (%) 0.00671*** 0.00665*** 0.00718***
[0.00131] [0.00129] [0.00151]

Federalist country  − 0.0479  − 0.0539  − 0.0889*
[0.0452] [0.0472] [0.0493]

Constant  − 0.0669  − 0.123  − 0.391***
[0.161] [0.148] [0.119]

Observations 86 86 84
R-squared 0.467 0.464 0.537

***

***
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***

***

**

***

** **

*
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coefficients
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Fig. 2   Standardized coefficients of baseline specification
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Similarly, Urban population (%) is positively related to the vaccination program 
in all its stages. Non mutually exclusive explanations are the following. First, urban 
density might have exacerbated the awareness of the severity of the pandemic and 
of the importance of vaccination due to the higher education urban rates (Berry and 
Glaeser 2005).1 Second, urban density is associated with higher transmission rates 
(Gerritse 2020; Rodríguez-Pose and Burlina 2021), possibly making the population 
more willing to adhere to the vaccination program. Also, from a supply side per-
spective, urban density may be linked to logistical factors that make the distribution 
of vaccines easier than in dispersed, rural areas. Finally, the percentage of urban 
population is a proxy for the density of demand, and the delivery of vaccines may be 
less costly if demand is spatially concentrated, as the literature on local public ser-
vices suggests (Hortas-Rico and Solé-Ollé 2010).

Continuing with supply side arguments (Goel and Nelson 2021), Number of 
vaccine types is positively related to the percentage of vaccinated people with the 
main protocol (Vaccinated and Fully vaccinated) while not to booster doses. Along 
the same lines, the use of MRNA vaccines at the beginning is related to a higher 
percentage of population with additional doses but not to the regular program. A 
greater availability of vaccine types may increase the rollout in the main program, 
due to logistical aspects and by making the country less vulnerable to shortages 
from producers, but the lack of an association with additional doses suggests that, 
in this stage, other factors are at play. This is corroborated by the finding related 
to the type of the first vaccine, with MRNA vaccines (i.e. the most effective, Rot-
shild et al. 2021) positively associated with higher percentage of people with booster 
doses, suggesting that higher efficacy might be related to higher acceptance and trust 
in additional doses beyond the official and, in some cases, required protocol. This 
result helps answer Hypothesis 1, suggesting that indeed determinants differ across 
stages of the vaccination process.

A federal state, compared to a unitary- one, might be better organized in procur-
ing and administering vaccines, due, for example, to logistical reasons (Greer et al. 
2022; OECD 2022). This claim is not supported by the data used here, since Fed-
eralist is not statistically distinguishable from zero for the official protocol and is 
negatively associated with additional doses.

Focusing on the magnitude of coefficients, standardized beta coefficient are com-
puted for the baseline specification and presented in Fig.  12. From inspection of 
Fig. 2, Urban population (%) is the most important determinant of the success of 
the campaign in terms of vaccinated population, across all stages. The second most 
important factor, but only for the official program, is the availability of different 
types of vaccines. The severity of the pandemic in the first wave is also positively 
correlated with administered doses at all stages. Relevant factors for additional doses 
only are if the first vaccine used was MRNA and whether the country is a federation 
(negative estimated coefficient).

1  Different measures of human capital have been added to the specification. The associated coefficient is 
positive and the one estimated for urban population remains positive but decreases in magnitude. Results 
available upon request.
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4.2 � Institutional factors at the national level

In Tables 2, 3 and 4 (dependent variables Vaccinated, Fully vaccinated and Addi-
tional dose), institutional factors at the national level are included, thus providing 
empirical evidence useful to answer the paper’s main research question. Main results 
for baseline variables are confirmed.

Table 2   Determinants of % of population with at least one dose of vaccine

Macroregional effects included. Robust standard errors in brackets
*p < 0.1, **p < 0.05, ***p < 0.01

Dep. var. % vac-
cinated

(1) (2) (3) (4) (5) (6)

COVID deaths (July 
2020)

0.000163* 0.000231** 0.000220** 0.000196** 0.000261** 0.000206**

[0.0000868] [0.0000940] [0.0000953] [0.0000957] [0.000101] [0.000101]
Number of vaccine 

types
0.0531*** 0.0495*** 0.0492*** 0.0494*** 0.0462*** 0.0499***

[0.0107] [0.0109] [0.0115] [0.0101] [0.0116] [0.0115]
First vaccine-

MRNA
 − 0.0464  − 0.02 0.0169 0.0186 0.0518  − 0.0146

[0.0370] [0.0412] [0.0376] [0.0372] [0.0393] [0.0396]
Urban population 

(%)
0.00410*** 0.00526*** 0.00655*** 0.00612*** 0.00631*** 0.00517***

[0.00111] [0.00102] [0.00127] [0.00121] [0.00143] [0.00124]
Federalist  − 0.0381  − 0.0498  − 0.055  − 0.0387  − 0.0362  − 0.0297

[0.0387] [0.0402] [0.0444] [0.0424] [0.0408] [0.0373]
Universal Health 

Coverage Index
0.00739***

[0.00128]
Government effec-

tiveness
0.0840***

[0.0191]
Index of democrati-

zation
0.0031

[0.00219]
Participation 0.00430**

[0.00197]
Trust the national 

government (%)
0.00329***

[0.000906]
State Capacity 

Index
0.108***

[0.0259]
Constant  − 0.319* 0.0911  − 0.0853  − 0.175  − 0.157 0.00494

[0.168] [0.145] [0.156] [0.144] [0.185] [0.157]
Observations 86 85 86 86 69 79
R-squared 0.607 0.57 0.484 0.531 0.582 0.61
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With respect to the percentage of population with at least one dose, all institu-
tional variables are positively related to the vaccination rate and statistically distin-
guishable from zero, with the exception of Index of democratization. Similar con-
siderations for Fully vaccinated and Additional dose, with Index of democratization 
now statistically different from zero.

Looking at the magnitude of estimated coefficients, in Fig. 3 standardized coeffi-
cients are presented in decreasing order of magnitude. As a general comment, higher 
values are found in relation to the dependent variable Fully vaccinated.

The largest value, for all dependent variables, is associated with UHC, suggest-
ing the importance of access to quality and affordable healthcare (Van de Pas et al. 
2022): a one standard deviation of UHC is associated with a 0.558 standard devia-
tion of vaccinated population. UHC is a standardized index measuring the propor-
tion of population that can access essential quality healthcare without using a large 
percentage of household income on health. In the context of the current pandemic, 
a high coverage health system is associated with a more effective vaccination cam-
paign. State Capacity is based on executive, coercive and administrative capacity 
(Tevdovski et al. 2022). This is the institutional factor with the second highest esti-
mated coefficient. Countries with higher state capacity have a higher proportion of 
vaccinated people at all stages of the process. Similarly, Government effectiveness is 
the third most important factor. Taken together these results related to three supply 
side factors, suggest that stronger, more effective states providing quality and afford-
able healthcare, have the power, organization and resources necessary to proceed 
with the vaccination program.

Considering measures of social capital (Lazarus et  al. 2021), Trust in national 
government presents very similar values of estimated coefficients at the different 
stages of the vaccination program, and has values very similar to Participation.

The smallest values are associated with Index of democratization, suggesting that 
this institutional aspect might be less relevant for a successful vaccination campaign.

***

***
***

*** ***

***

***
***

*** ***

*

***

***

***

***

*
*

0

0.1

0.2

0.3
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Fig. 3   Standardized coefficients of national institutional factors
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2  Since the estimation results are substantially the same as in the previous sections, they will not be dis-
cussed further.

Overall, institutional variables are significantly related to the success of the vac-
cination campaign, while this relationship does not seem to change much according 
to the phase of the process, suggesting that, at least for these types of variables, 
Hypothesis 1 does not hold. 

4.3 � Institutional factors at the subnational level

Institutional quality varies across but also within countries, due to different consti-
tutional, political and organizational relations between subnational governments and 
officials and the central government. To further expand on the idea that a federal 
country might organize vaccination programs differently from a unitary one, as con-
sidered in Sect. 4.1, additional institutional factors at the subnational level are now 
considered explicitly, with the aim of providing an initial answer to Hypothesis 2. 
The underlying mechanism that could be at play is related to the fact that, in dif-
ferent countries, subnational (regional, provincial or municipal, depending on each 
nation’s structure) may have different degrees of autonomy and authority over spe-
cific policies and their implementation and varying degrees of coordination with, 
and power from and over, central governments. A vaccination campaign thus could 
be organized, from a distributional and logistic point of view and with reference to 
implementation and definition of the target population in a more or less efficient 
manner depending on the degree of regional autonomy and authority and, more spe-
cifically, to how much independence subnational governments have in setting public 
policies. To verify if different regional institutional arrangements are indeed related 
to the success of the vaccination campaign and ascertain the sign of this relation-
ship, two indicators are considered: the aggregate Regional authority index and its 
component related to policies, Policy Autonomy. The first ranges from 0 to 30, with 
values increasing with regional authority. The Policy Autonomy component instead 
ranges from 0 to 4, with higher values indicating countries where subnational units 
enjoy higher autonomy in setting policies and in the number of sectors for which 
this autonomy can be exercised. Results are presented in Table 5.2

When considering the aggregate Regional authority index, its estimated coeffi-
cient is positive and different from zero in all models, indicating that, at all stages 
of the process, countries with a higher degree of subnational authority in general are 
associated with higher outreach of the vaccination campaign, while the coefficient 
for Federalism is negative and statistically distinguishable from zero. Formal feder-
alism as laid out in a country’s Constitution is negatively related to the percentage 
of population that had access and completed the vaccination program, while a more 
nuanced and comprehensive measure of regional autonomy is positively related. 
Similarly, when considering the Policy Autonomy component, for which similar con-
siderations for this indicator and for federalism hold for people with one dose or that 
have completed the initial official program, but estimated coefficients are not distin-
guishable from zero for the additional dose.
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An overarching reading of these results rests on the distinction between a federal 
state, where the central and subnational governments have a clear division of compe-
tencies, and different organizational forms of decentralization, which may encompass 
mutual cooperation and sharing of powers between different tiers of government. As 
suggested by Agnew (2022), in an in depth analysis of the US, it may not be an issue 
of federalism per se that has been detrimental in dealing with the COVID-19 crisis, but 
a dualist vision of federalism, particularly relevant today in the US, where the central 
and peripheral governments do not act cooperatively, leading also to potential conflicts 
among the subnational governments. Miller (2000), examining the fiscal aspects of 
immunization programs in the US, provides another potential mechanism that might 
lead to a less successful organization of vaccination campaigns in federations. His 
analysis points towards the imbalance between higher responsibility for federal States 
to provide immunization to the population and a contemporaneous decline in funding 
from the Central government for the same campaigns.

Figure 4 shows beta coefficients and supports the interpretation that what matters 
most in terms of a successful vaccination campaign is not only whether a country is 
organized as a federation or as a unitary country (which, if anything, is negatively 

*
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**
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0.2

0.4
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Subna�onal ins�tu�onal factors (Regional 
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Fig. 4   Standardized coefficients of subnational institutional factors
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related with the percentage of vaccinated population at different stages) but if its 
subnational components enjoy degrees of authority, specifically in terms of policy 
implementation.

4.4 � Spatial patterns of vaccination

To complete the picture, a spatial analysis of the vaccination progress in the dif-
ferent countries in the sample is presented. In what follow, maps (Figs. 5, 6, 7) of 
the percentage of vaccinated population across stages and the results of a k-means 
cluster analysis on the same variables (Table 6 and Fig. 8) are provided to verify the 
existence of simple spatial patterns.

Fig. 5   Vaccinated. Source: Author’s elaboration

Fig. 6   Fully vaccinated. Source: Author’s elaboration
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A first observation by inspecting the Figs.  5, 6 and 7 is that the percentage of 
population with at least one dose (Vaccinated) and those that have received the 
required number of doses (Fully Vaccinated) are generally highly correlated across 
countries. The same can not be claimed so clearly for Additional Doses, further cor-
roborating the idea that different mechanisms are at play at different stages of the 
process (Hypothesis 1).  

The cluster analysis was performed to detect the presence of clusters of success of 
the vaccination campaign, by searching for clusters of countries with high, medium 
and low value for all stages. The k-means clustering method was adopted, with the 
aim of identifying three clusters of countries such that the distance between each 
observation is minimized with respect to the cluster’s mean. Considering the results 
of the formal cluster analysis (Fig. 8 and Table 6), countries with high percentages 

Fig. 7   Additional dose. Source: Author’s elaboration

Fig. 8   Cluster analysis. Source: Author’s elaboration
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at all stages (Cluster 3) are mainly spatially clustered together in Western Europe 
and South America, with Canada and Australia as spatial outliers. Countries with 
lower, but still above 50% of vaccinated and fully vaccinated population (Cluster 
2) are clustered in Eastern Europe, the northern part of South America and scat-
tered in Asia. Countries in cluster 1, with very low levels of vaccinated population 
across all stages, do not seem to follow a specific spatial pattern. Tentative conclu-
sions are related to a spatial correlation process which could be at the individual 
level, especially for additional doses, and at an institutional and legal level for vac-
cinated and fully vaccinated. More research is needed to further expand on these 
initial intuitions.  

5 � Conclusions

By examining the correlation of external aspects on the percentage of vaccinated 
population at different stages of the COVID-19 vaccination campaign in a cross-
section of countries, this paper contributes to the understanding of the success of 
universal vaccination campaigns. The focus is on supply side factors and institu-
tional conditions, both at the national and subnational level, factors that can be the 
object of specific public policy initiatives to increase the percentage of vaccinated 
population.

The main results of the empirical analysis thus suggest a series of policy impli-
cations. As countries with higher urban density have higher vaccination rates at all 
stages, a target for specific communication initiatives and improved logistics are 
non-urban areas. Reliance on a single vaccine type or producer may hamper the suc-
cess of the vaccination campaign, suggesting that authorities should try to secure 
vaccines from a variety of sources to avoid bottlenecks and shortage issues.

Table 6   Cluster analysis Mean SD Min Max

Cluster 1 (Obs. 34)
Vaccinated 0.844118 0.059804 0.74 0.94
Fully vaccinated 0.807941 0.064281 0.68 0.94
Additional dose 0.567941 0.097134 0.39 0.87
Cluster 2 (Obs. 29)
Vaccinated 0.68931 0.088597 0.52 0.87
Fully vaccinated 0.622759 0.075019 0.5 0.8
Additional dose 0.256552 0.124277 0.02 0.44
Cluster 3 (Obs. 24)
Vaccinated 0.426667 0.136212 0.1 0.61
Fully vaccinated 0.373333 0.127165 0.05 0.53
Additional dose 0.088333 0.065053 0.01 0.27
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Focusing on the national-level institutional variables, the importance of a well-
functioning healthcare system suggests focusing on reforms aimed at strengthening 
the core of the provision and distribution of health services. Investing in increasing 
government effectiveness and state capacity, not only related to the health sector, 
appears another potential avenue related to vaccination success. Finally, monitoring 
the levels of social capital and promoting actions aimed at increasing trust and cohe-
siveness among the population are also relevant actions to be considered.

Considering instead institutional factors considered at the subnational level, the 
organization of the country as federalist is negatively associated with the vaccina-
tion program, although this result is not particularly robust across empirical speci-
fications. Subnational authority, especially in the form of subnational governments’ 
autonomy in setting and implementing policies is instead significantly related to 
more vaccinated population at all stages of the process, suggesting that countries 
where subnational governments enjoy more freedom in setting and implementing 
policies may be better equipped to align the policy response to a pandemic to the 
local needs. More research is however needed to understand other forms of decen-
tralization and the interplay between different tiers of government, especially con-
sidering the role of federations and the degree of cooperation between central and 
peripheral governments.

The results of the present empirical analysis, based on a cross-section of country 
level for COVID-19 vaccination data could be further refined and strengthened by 
considering the time series dimension and by looking at immunization programs for 
other diseases. This would allow overcoming the potential limitations of the pre-
sent study related to the aggregate nature of the data for a specific immunization 
program.

Additionally, from a social planner’s perspective, the supply-side factors could 
be singled out and examined more in depth, in order to provide guidance on the 
organization of successful vaccination programs, also considering further spatially 
disaggregated data.

With the emergence of new variants, in the short run, and the possibility of new 
pandemics in the longer run, a clearer understanding of the determinants of the 
pace, success and adhesion to a vaccination program, is crucial, and this paper aims 
at being an initial contribution to this strand of research.

Appendix

See Tables 7 and 8.
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