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1  |  INTRODUCTION

Vaccination against COVID-19 is a public good with substantial private benefits and crucial positive externalities for 
public health and the economy. However, vaccine hesitancy threatens the success of the immunization campaign, with 
immunization rates lagging below target in many countries and regions (Savulescu et al., 2021).

The literature explains the decision to get vaccinated as a rational choice between the risk of contracting the disease 
and the risk of experiencing vaccine side effects (Binder and Nuscheler, 2017; Bohm et al., 2016; Brown et al., 2010; Wein-
stein, 2000). 1 The public's perception of these two risks plays a crucial role in the success of an immunization campaign. 
Previous studies suggest that the overestimation of the incidence and severity of adverse events is a major driver of hesi-
tancy (e.g., Betsch et al., 2011; Brewer et al., 2007).
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Abstract
In March 2021, Italian health authorities suspended the Vaxzevria vaccine (VA) 
for 4 days over reports of very rare blood disorders among recipients. We exploit 
the quasi-experimental setting arising from this break to study the drivers of 
vaccine hesitancy. Before the suspension, the VA vaccination trend followed the 
same pattern as Pfizer-Biontech (PB). After the suspension, VA and PB injec-
tions started to diverge, with VA daily decreasing by almost 60 doses per 100,000 
inhabitants for the following 3  weeks. The resulting vaccination rate was 60 
percent lower than the value that would have stemmed from the VA pre-sus-
pension pattern. We show that the slowdown was weaker and less persistent in 
regions with higher COVID penetration and steadier and more pronounced in 
regions displaying greater attention to vaccine side effects as detected through 
Google searches. The public's interest in vaccine adverse events negatively 
correlates with COVID cases and deaths across regions.
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In this paper, we exploit a quasi-experiment arising from the suspension of the ChAdOx1-S vaccine (hereafter 
Vaxzevria, or VA) to study the drivers of vaccine hesitancy, intended as the delay in acceptance or refusal of vaccination 
despite the availability of vaccination services (WHO, 2014). 2 In Italy, the National Medicines Agency (AIFA) interrupted 
the inoculations of a VA batch on March 11 following evidence that vaccination with VA can result in the very rare devel-
opment of immune thrombotic thrombocytopenia (Greinacher et al., 2021; Scully et al., 2021). On March 15, the AIFA 
suspended all VA vaccinations for 4 days to examine the potential size and severity of the adverse events while allowing 
Pfizer-Biontech (PB) injections to continue. We take advantage of this decision to perform a difference-in-differences 
analysis that quantifies the decline in VA vaccinations after the campaign was restored and explores the possible drivers 
of the slowdown of the vaccination campaign. The mandatory break in injections increased uncertainty about the side 
effects of vaccination with VA, drawing the public's attention to vaccine adverse events. This treatment arguably inflated 
the risk of adverse events in the perception of candidate recipients. The analysis covers the period from February 18 to 
March 31, 2021, 3 weeks after the suspension was lifted.

We first show that the per capita number of VA and PB doses daily administered in the Italian regions evolved in 
parallel until the suspension on March 15. 3 In the suspension week, the VA vaccination rate decreased by roughly 46 daily 
doses per 100,000 inhabitants. The resulting value was approximately 60% lower than the level that would have stemmed 
from the pre-event pattern. After the campaign resumed on March 19, the daily rate of VA inoculations further signifi-
cantly declined. We observe a reduction of 63 daily doses per 100,000 inhabitants, implying a 55% lower vaccination rate. 
2 weeks later, the negative effect persisted leading to a drop of 86 daily doses per 100,000 inhabitants, corresponding to 
a 58% lower level. Over the three post-treatment weeks, 59 fewer VA average daily doses per 100,000 were administered 
with respect to the potential level.

To delve deeper into the possible drivers of hesitancy, we test whether the response to the VA suspension varied with 
the severity of the outbreak. We find that, after authorities resumed VA roll-out, the gap between the two vaccines inocu-
lation rates shrank with local COVID cases. We then exploit Google searches for the keyword “thrombosis” to proxy the 
public's attention to vaccine adverse events. The analysis shows that, after March 19, the VA vaccination rate decreased 
significantly more in regions displaying greater attention to the potential side effects of immunization. All results hold 
after controlling for day and region fixed effects and an index capturing the supply of the two vaccines across regions. 
Finally, we find that the public's interest in vaccine adverse events negatively correlates with the severity of the outbreak.

Overall, our findings suggest that the slowdown in the immunization campaign was demand-driven. The 4-day 
suspension caused a significant reduction in VA injections that persisted weeks after authorities restored the immuniza-
tion campaign and reassured the public about the vaccine's safety.

The heterogeneity analysis helps disentangle the possible motives of hesitancy. The broadening gap between the 
two vaccines in regions displaying greater interest in “thrombosis” suggests that the VA suspension may have attracted 
the public's attention to vaccine adverse events related to VA injections, possibly inflating their risk. This evidence is 
in line with the literature on hesitancy that identifies concerns about the incidence and severity of adverse events as 
one of the main drivers of the decision to postpone or refuse vaccination (e.g., Brown et al., 2010; Carrieri et al., 2019; 
Carrieri et al., 2021; Chang, 2018; Qian et al., 2020; Smith et al., 2008). On the other hand, the outbreak's severity likely 
increased the perceived risk of contracting the disease, in line with previous evidence that outbreaks encourage vaccina-
tions (Oster, 2018; Philipson, 1996).

In summary, the suspension may have unintendedly altered the balance between the perceived risks of contracting 
the disease and incurring vaccine adverse events for many people, resulting in increased reluctance to get the vaccine.

2  |  DATA

We draw data on COVID-19 vaccines from an open data repository provided by the Italian Prime Minister's Office. 4 The 
database contains information on the number of doses supplied and injected for each manufacturer (Pfizer-Biontech, 
Vaxzevria, and Moderna) in the Italian regions. Our period of analysis (February 18-March 31, 2021) overlaps with two 
stages of the vaccination campaign. In the first stage (January-February 2021), vaccines were administered to health 
workers and the elderly (over 80). The second stage (March-June 2021) was initially devoted to school and university 
staff, patients with severe co-morbidities, and adults over 60. 5

Figure 1 describes the daily total number of doses administered in Italy per 100,000 inhabitants. The solid red and 
blue lines describe the trends in VA and PB injections, respectively. Lines without markers show the respective trends 
resulting from local polynomial regressions. The inoculation rates for the two vaccines followed parallel patterns until the 
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suspension of the first VA batch on March 11. From March 15–18, no VA doses were administered. On March 19 author-
ities resumed VA vaccinations and reassured the public about the vaccine's safety. In the following weeks, the trend in 
VA vaccinations flattened and started diverging sensibly from the PB pattern. The green line represents the trend in daily 
online searches for “thrombosis”, which peaks during the suspension week.

Figure 2 displays the geographical distribution of the variables we use in the heterogeneity analysis to understand the 
drivers of vaccine hesitancy after the VA suspension.

DEIANA et al.

F I G U R E  1   Administered vaccines and searches for “thrombosis”. Left axis: daily average number of VA and Pfizer-Biontech (PB) 
vaccines administered in Italian regions per 100,000 inhabitants. Right axis: index of daily searches for the term “thrombosis”. Plots 
with markers represent raw data. Smoothed lines are obtained using local polynomial regressions [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  2   Cumulative COVID-19 cases and searches for “thrombosis” across Italian regions. The map in the left panel illustrates the 
geographic distribution of the search intensity for the term “thrombosis” over 11–18 March 2021. The map in the right panel illustrates the 
geographic distribution of the cumulative number of COVID-19 cases per 100,000 people from the beginning of the pandemic until March 
11, 2021. Values in both plots are standardized using the national average and standard deviation

https://wileyonlinelibrary.com
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To proxy the public's attention to vaccine adverse events, we trace the daily ratio of queries for the keyword “thrombo-
sis” to the number of total queries in each region (the search volume index, Search Volume Intensity (SVI), represented 
by the green dashed line in Figure 1). The left side of Figure 2 shows the search intensity for the term “thrombosis” in the 
suspension week (11–18 March 2021).

Previous studies show that Google trends can be used to trace the actual demand for information on a specific topic 
(Jetter, 2017). Queries for “thrombosis” signal the extent to which the public paid attention to the vaccine adverse events 
that the media were covering in our period of analysis. The index did not react uniformly to the suspension of the VA 
campaign. Instead, a visual inspection of Figure 2 and the empirical analysis in Section 4 show that searches negatively 
correlate with the severity of the outbreak after March 19, suggesting that the public devoted lesser attention to vaccine 
adverse events in the areas with higher risk of contracting the disease.

To capture the severity of the outbreak, which may affect the perceived risk of contracting the disease (Oster, 2018), 
we use the cumulative number of positive cases at the regional level. The right side of Figure 2 shows the geographic 
distribution of the cumulative number of COVID-19 cases per 100,000 people from the beginning of the pandemic to 
March 11, 2021.

3  |  EXPERIMENT DESIGN

To understand the drivers of vaccine hesitancy, we exploit the quasi-experimental setting arising from the temporary 
suspension of the VA vaccine between March 15 and 18, 2021, using a difference-in-differences design. We define the 
VA vaccine as our treatment group, with PB functioning as a control group. This choice stems from the specific layout of 
the Italian immunization campaign. The two vaccines shared the same logistic organization, with centralized manage-
ment of the supply, distribution, booking, and administration of doses. Each hub could inject doses from both providers. 
However, hubs were not allowed to choose which vaccine to administer to priority groups. Candidate recipients were 
entitled to specific vaccines and could not choose between providers or switch their booking for a VA injection to PB. 
Potential differences in the Italian regions' ability to manage the logistics of vaccinations unlikely depended on targeted 
sub-populations since targeting is homogeneous across regions.

A visual inspection of Figure  1 and the estimated coefficients of the event study (Figure  3 and Figure A2 in the 
Appendix) show that the trends in the two vaccines' inoculation rates were parallel until the suspension week. The 
mandatory break in VA vaccinations arguably drew the public's attention to adverse events, possibly raising uncertainty 
about the immunization side effects of the suspended vaccine. We expect the increased uncertainty to affect the trend in 
VA vaccination rate while sparing PB inoculations. This sudden divergence makes the trend in PB vaccinations a conven-
ient counterfactual for the evolution in VA vaccinations in a difference-in-differences framework, where the cross-sec-
tional unit is the vaccine v (VA or PB) in region r, and time is expressed in days, d. In summary, we have a vr − d panel. 
The main equation we estimate is:

𝑌𝑌𝑣𝑣𝑣𝑣𝑣𝑣 = 𝛼𝛼 + 𝛽𝛽 𝛽𝛽 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝑣𝑣 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑 + 𝜇𝜇𝑣𝑣𝑣𝑣 + 𝛾𝛾𝑣𝑣𝑣𝑣 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑣𝑣𝑣𝑣𝑣𝑣 × 𝜇𝜇𝑣𝑣𝑣𝑣 + 𝜏𝜏𝑑𝑑 + 𝜀𝜀𝑣𝑣𝑣𝑣𝑣𝑣� (1)

where Yvrd is the number of doses from supplier v (VA and PF) administered in region r on day d per 100,000 inhabitants.
The main coefficient of interest, β, relates to the interaction between the dummy variable Treat, which equals 1 for 

VA vaccines, and the dummy indicating the post-announcement period, Post, that is from March 11, 2021. Our preferred 
specification includes Region × Supplier fixed effects, μvr, and day fixed effects, τd.

In addition, we control for the daily availability of the two vaccines across regions (Availvrd). 6 Avail enters Equation (1) 
as an interaction term with regional and supplier fixed effects, μvr. This specification allows us to estimate an entire set of 
region-vaccine-specific supply effects on the injection rate. Finally, ɛvrd are idiosyncratic errors.

Figure A1 in the Appendix shows the nationwide trend in the indicator of the availability of the two vaccines from 
February 18 to April 1, 2021. The supply of PB doses is relatively stable, different from VA that steadily decreases. Since 
PB doses were administered close to saturation in the post-treatment period, any decrease in the PB vaccination rate due 
to a vaccine shortage would likely induce a downward bias in our estimates. As a result, the estimated effect in the paper 
would be a lower bound of the actual effect.

Our identification strategy relies on the assumption that the VA and PB vaccination rates followed a similar path 
before the suspension, allowing us to use PB vaccinations as a counterfactual for the evolution in the VA vaccination 
rate. To ensure that the suspension is not endogenously related to previous vaccination trends, we use an event-study 
approach and re-estimate our main specification allowing for leads and lags of the suspension period.

DEIANA et al.
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More specifically, we allow for three pre- and three post-treatment effects. The baseline is the week before the with-
drawal of the first VA batch on March 11, that is, j = −1. Leads and lags are identified by the coefficients βw for the 2 weeks 
before the baseline and the 3 weeks after the suspension. This model specification can be written as:

𝑌𝑌𝑣𝑣𝑣𝑣𝑣𝑣 = 𝛼𝛼 +

2
∑

𝑤𝑤=−3

𝛽𝛽𝑤𝑤 𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑣𝑣 × 𝟏𝟏[𝑑𝑑 ∈ 𝑤𝑤] + 𝜇𝜇𝑣𝑣𝑣𝑣 + 𝛾𝛾𝑣𝑣𝑣𝑣 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑣𝑣𝑣𝑣𝑣𝑣 × 𝜇𝜇𝑣𝑣𝑣𝑣 + 𝜏𝜏𝑑𝑑 + 𝜀𝜀𝑣𝑣𝑣𝑣𝑣𝑣� (2)

The lags coefficients β−2 and β−3 serve to strengthen analytically the visual evidence on the validity the common trend 
assumption provided in Figure 1. Coefficients for w ≥ 0 identify the evolution of the effect across weeks in the post-sus-
pension period.

To delve deeper into the drivers of vaccination rates across Italian regions, we add two triple-interaction terms to our 
specifications. The first interaction includes the cumulative number of cases (Cumulative Casesr), the search volume for 
“thrombosis” (Thrombosis Searchesr) over 11–18 March 2021, and the term Treatv × Postd in Equation (1). Similarly, we 
include the interaction between these two variables and the term Treatv × 1[d ∈ w] in Equation (2). 7 Both variables are 
standardized using the national average and standard deviation. Figure 2 shows the geographic distribution of these two 
measures.

4  |  RESULTS

Table 1 displays the estimates of Equation (1). In Columns 1–5, the outcome is the number of doses of the vaccine v, that 
is, VA and PF, administered in region r on day d per 100,000 inhabitants. Our main variable of interest is the interaction 
between the two dummies identifying the treated group, that is, VA, and the period following the suspension of the first 
VA batch (March 11, 2021). Column 2 reports the estimates including day and Region × Supplier fixed effects, while 
column also accounts for regional heterogeneity.

Columns 3–5 report the heterogeneity in the treatment effects. Estimates in column 3 include a triple interaction 
between the VA and suspension dummies and the cumulative number of COVID cases. Estimates in Column 4 include 
an interaction term between the two dummies and the SVI for “thrombosis”. Column 5 accounts for both the interactions.

DEIANA et al.

F I G U R E  3   Event study of the main result. The plot reports the estimated βj coefficients from Equation (2) associated with the 
interaction between the Treat indicator and week dummies relative to the announcement of the VA vaccine suspension (w = −3…2). The 
dependent variable of the estimated regression is the number of doses administered in day d in region r per 100,000 inhabitants. The 
regression contains (i) Day FE, (ii) Supplier x Region FE, and (iii) the term Avail. × Region × Supplier, as the main specification in columns 2 
in Table 1 [Colour figure can be viewed at wileyonlinelibrary.com]

https://wileyonlinelibrary.com
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Finally, Column 6 reports the result of a similar regression of the daily volume of searches for “thrombosis” on 
the interaction between the cumulative number of COVID cases and the indicator for the post-suspension period. The 
public's attention to vaccine adverse events in the post-suspension period rose significantly less in areas characterized by 
a greater severity of the outbreak.

We find a large drop in the total number of administered doses per 100,000 inhabitants. The negative effect is strongly 
significant at the 1% level, indicating that the suspension decreased the number of doses by almost 60 per 100,000 inhab-
itants with respect to the average value observed in the control group before the suspension, resulting in a vaccination 
rate 60% lower than the level that would have stemmed from the pre-suspension pattern. 8

Columns 4–6 show that after VA vaccinations resumed on March 19, the gap between the two vaccination rates 
narrows with the severity of the outbreak and broadens with the public's attention to vaccine adverse events. A standard 
deviation increase in the cumulative number of cases is associated with an increase of the vaccination rate by approxi-
mately 36 doses per 100,000 inhabitants. By contrast, a standard deviation increase in the queries for “thrombosis” causes 
a further drop in the VA vaccination rate by approximately 40 doses per 100,000 inhabitants.

To strengthen the visual evidence provided in Figure 1 and mitigate concerns about the validity of the common trend 
assumption, we rely on the dynamics of the effects, particularly before March 11, when authorities withdrew the first VA batch. 
Figure 3 shows there is no evidence of a differential take-up between the treated and the control group before the suspension. In 
all cases, we observe that the coefficients in the pre-suspension period are never statistically different from zero. 9 In the Appen-
dix we provide a daily event study showing there are no anticipation effects related to news reports of blood disorders among 
VA recipients before the suspension (Figure A2). This evidence suggests that the spreading of alarming news about vaccine 
adverse events did not prompt a statistically significant reaction in candidate recipients. Instead, people seemingly started to 
revise their assessment of the two risks informing vaccination decisions when doubts about the safety of the VA vaccine arose 
from health authorities. Table A1 in the Appendix also shows the absence of statistically significant lead interaction terms 
when estimating heterogeneous effects. This evidence further corroborates the validity of the parallel trend assumption.

In the suspension week (w = 0) daily injected doses decreased by almost 46 per 100,000 inhabitants, resulting in a 
60% lower vaccination rate with respect to the level that would have stemmed from the pre-suspension pattern. The week 
after the campaign resumed on March 19, the daily rate of VA inoculations further diverged from the counterfactual 

DEIANA et al.

Dep. variables

Administered vaccines (per 100,000 people) Daily Thrombosis searches

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

Treat × post −48.410*** −59.347*** −62.891*** −56.265*** −59.760***

(6.715) (9.890) (9.365) (9.366) (9.430)

Treat × post × cumulative cases 36.058*** 28.318***

(9.258) (9.576)

Treat × post × thrombosis searches −39.999*** −33.055***

(9.200) (9.523)

Post × cumulative cases −1.974***

(0.651)

Region FE ✓

Day FE ✓ ✓ ✓ ✓ ✓ ✓

Region × supplier FE ✓ ✓ ✓ ✓ ✓

Avail. × region × supplier ✓ ✓ ✓ ✓

Observations 1680 1680 1680 1680 1680 840

Note: The dependent variable in columns (1)-(5) is the number of doses administered in day d in region r per 100,000 inhabitants. The dependent variable in 
column (6) is the region-specific daily indicator of Search Volume Intensity (SVI) for the term “thrombosis”. The variable Treat equals 1 for VA vaccines, and 0 
for PB vaccines. The variable Cumulative cases measures the cumulative number of cases in region r per 100,000 people from the beginning of the COVID-19 
pandemic until the week before the suspension of VA vaccines. The variable Thrombosis searches measures the SVI for the term “thrombosis” in region r in the 
week of the suspension announcement (11–18 March 2021). Variables Cumulative cases and Thrombosis searches are standardized using the national average 
and standard deviation. The variable Avail measures the availability of vaccines in region r in day d, separately for VA and PB. It is computed as the fraction of 
not-administered vaccines out of the number of doses received until day d − 1. Robust standard errors in parentheses.
*p < 0.10, **p < 0.05, ***p < 0.0.

T A B L E  1   Main results
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level, resulting in 63 less daily doses per 100,000 inhabitants (−55%). 3 weeks later, the deviation was still significant and 
reached 86 less daily doses per 100,000 inhabitants (−58%).

This evidence, jointly with the more substantial decline in VA vaccinations in regions displaying greater attention 
to adverse events after the campaign resumed, suggests that the suspension may have unintendedly drawn the public's 
attention to news reports covering blood cases among VA recipients. 10

Overall, our findings are consistent with previous evidence that the severity of an outbreak encourages vaccination 
(e.g., Oster, 2018; Philipson, 1996), while alarming information that inflates the risk of adverse events leads to hesitancy 
(e.g., Brown et  al.,  2010; Carrieri et  al.,  2019; Chang,  2018; Qian et  al.,  2020). Previous studies on the impact of the 
measles-mumps-rubella (MMR) vaccine-autism controversy analyzed a longer time period spanning years prior and 
after the controversy (e.g., Chang, 2018). Instead, our work covers a much limited period spanning a few weeks before 
and after the suspension of the Vaxzevria vaccine. Therefore, differently from Smith et al. (2008) and Chang (2018), we 
cannot infer the persistence of the treatment effects in the long run. In addition, the aggregated data we employ in the 
analysis do not allow us to observe the motives that led many people to postpone or refuse vaccination directly. Though 
necessarily having a short-term perspective, our study has the advantage of providing clues on the drivers of COVID-19 
vaccine hesitancy when the pandemic and the immunization campaign are still ongoing.

5  |  CONCLUSION

The empirical analysis in this paper documents the slowdown in the COVID immunization campaign in the wake of the 
Vaxzevria vaccine suspension, suggesting that the decline was demand-driven. Our findings support the view that the 
decision to get the vaccine results from a rational choice weighing the two alternative risks of contracting the disease 
or incurring vaccine side effects. The heterogeneity in treatment effects points to the possibility that the VA suspen-
sion unintendedly altered the balance between the two perceived risks for many people, making them reluctant to get 
vaccinated. The broadening gap between the two vaccines in regions displaying greater attention to adverse events after 
vaccinations resumed suggests that the suspension may have inflated the risk of vaccine side effects, despite health 
authorities repeatedly reassured the public on vaccine's safety after the campaign resumed. On the other hand, the gap 
narrowed with the severity of the outbreak, suggesting that COVID penetration may have deterred hesitancy. Altogether, 
our results reaffirm the importance of providing accurate institutional information about the relative incidence of the 
alternative risks that individuals weigh when rationally deciding whether to get vaccinated.
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ENDNOTES
	  1	 Unselfish individuals may also internalize the social benefits of vaccination in their decision-making (e.g., Wells et al., 2020).
	  2	 At the moment of the suspension, the ChAdOx1-S vaccine was called Astrazeneca (AZ). On April 1, the European Medicines Agency (EMA) 

approved AZ rebranding as Vaxzevria. For simplicity, we refer to ChAdOx1-S as Vaxzevria (VA) throughout the paper.
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	  3	 We exclude the Moderna vaccine from the analysis for two reasons. First, the number of Moderna doses supplied and inoculated was small 
compared to the other providers. Until March 31, roughly 815,000 Moderna doses were administered in Italy, compared to 2,655,000 and 
8,700,000 for Vaxzevria (VA) and Pfizer-Biontech (PB), respectively. Perhaps more importantly, the trend of Moderna vaccinations before the 
temporary VA ban was very different from PB and VA, preventing the adoption of the Difference-in-Differences design used in the analysis.

	  4	 https://github.com/italia/covid19-opendata-vaccini.
	  5	 In June 2021, the definition of target groups was relaxed with the establishment of “open days” allowing every adult to book vaccination.
	  6	 Avail is an indicator of the number of doses of vaccine v that are available in region r on day d. This indicator is computed as 

𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑣𝑣𝑣𝑣𝑣𝑣 = 1 −

(

∑𝑑𝑑−1

𝑘𝑘=0 𝐴𝐴𝐴𝐴𝐴𝐴𝑣𝑣𝑣𝑣𝑣𝑣∕
∑𝑑𝑑−1

𝑘𝑘=0 𝑅𝑅𝑅𝑅𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣

)

 , with Admvrk being the injected doses and Recvrk the doses supplied to vaccination hubs.
	  7	 When we estimate triple interaction terms, we include the relative double interactions in the estimating equations.
	  8	 Percent deviations are computed as the ratio between the estimated effects and the computed counterfactual levels. The latter are obtained 

subtracting the estimated effect to the mean of the fitted values of VA vaccines, separately for each week.
	  9	 Although not a formal proof, this test is usually interpreted as supportive of the parallel trend assumption.
	 10	 News reports about rare blood disorders among vaccine recipients spread from early January 2021, mainly regarding Moderna and PB 

vaccines (e.g., https://www.nytimes.com/2021/01/12/health/covid-vaccine-death.html). News about severe coagulation disorders among 
VA recipients spread towards early on February 2021, leading to the suspension of specific VA batches in several countries in the first week 
of March (e.g., https://www.bloomberg.com/news/articles/2021-01-18/what-to-know-about-vaccine-related-deaths-allergies-quicktake). 
However, we observe a decline in the VA vaccination rate only after March 18, when the campaign resumed after the suspension.
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F I G U R E  A 1   Vaccines availability 18 Feb-1 Apr. Daily average number of VA and Pfizer-Biontech (PB) vaccines available in Italian 
regions. Vaccine availability for region r in day d is computed as the fraction of not-administered vaccines out of the number of doses 
received until day d − 1. Plots with markers represent raw data. Smoothed lines are obtained using local polynomial regressions [Colour 
figure can be viewed at wileyonlinelibrary.com]

F I G U R E  A 2   Daily event study of the main result. The plot reports the estimated coefficients of the interaction between the Treat 
indicator and day dummies relative to the announcement of the VA vaccine suspension (March 15, 2021). The dependent variable of the 
estimated regression is the number of vaccines administered in day d in region r per 100,000 inhabitants. The regression contains (i) Day FE, 
(ii) Supplier x Region FE, and (iii) the term Avail. × Region × Supplier, as the main specification in column 2 in Table 1 [Colour figure can be 
viewed at wileyonlinelibrary.com]

https://wileyonlinelibrary.com
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Before After

Treat × 1[week = −3] 6.894 Treat × 1[week = 0] −46.355***

(14.914) (11.449)

Treat × 1[week = −2] 16.476 Treat × 1[week = 1] −62.266***

(13.097) (12.234)

Treat × 1[week = −3] × cumulative cases −16.385 Treat × 1[week = 2] −81.925***

(16.298) (14.36)

Treat × 1[week = −2] × cumulative cases −3.439 Treat × 1[week = 0] × cumulative cases 19.983*

(14.154) (11.924)

Treat × 1[week = −3] × thrombosis searches 2.633 Treat × 1[week = 1] × cumulative cases 39.495***

(13.683) (12.992)

Treat × 1[week = −2] × thrombosis searches 16.719 Treat × 1[week = 2] × cumulative cases 56.378***

(12.662) (16.706)

Treat × 1[week = 0] × thrombosis searches −25.514**

(12.076)

Treat × 1[week = 1] × thrombosis searches −31.013**

(13.182)

Treat × 1[week = 2] × thrombosis searches −24.071

(16.002)

Day FE ✓

Region × supplier FE ✓

Avail × region × supplier FE ✓

Observations 1680

Note: The dependent variable is the number of vaccines administered in day d in region r per 100,000 inhabitants. The variable Treat equals 1 for VA vaccines, 
and 0 for PB vaccines. The variable Cumulative cases measures the cumulative number of cases in region r per 100,000 inhabitants from the beginning of the 
COVID-19 pandemic until the week before the suspension of VA vaccines. The variable Thrombosis searches measures the relative search intensity for the term 
“Thrombosis” in region r in the week of the suspension announcement March 11, 2021 - March 18, 2021. Variables Cumulative cases and Thrombosis searches 
are standardized using the national average and standard deviation. The variable Avail measures the availability of vaccines in region r in day d, separately 
for VA and PB. It is computed as the fraction of not-administered vaccines out of the number of doses received up to day d − 1. Robust standard errors in 
parentheses.
*p < 0.10, **p < 0.05, ***p < 0.0.

T A B L E  A 1   Heteogeneous effects: event study
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