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Abstract 
 
This paper investigates the factors that contributed to the proliferation of online COVID 
skepticism on Twitter across Italian municipalities. We demonstrate that socio-demographic 
factors are likely to mitigate the emergence of skepticism, while populist political leanings were 
more likely to foster it. Furthermore, we find that the presence of pre-COVID anti-vax sentiment, 
represented by old "truthers" on Twitter, amplifies online COVID skepticism in local 
communities. Additionally, exploiting the spatial variation in economic restrictive policies with 
severe implications for suspended workers belonging to non-essential economic sectors, we find 
that COVID skepticism spreads more in municipalities significantly affected by this economic 
lockdown. Finally, the diffusion of COVID skepticism is positively associated with COVID 
vaccine hesitancy. 
JEL-Codes: I120, I180, J280, J600, C800, L820. 
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Introduction

The COVID-19 pandemic has presented unparalleled challenges to global health, demanding

swift and well-coordinated responses. In this critical context, a significant threat to public health

actions is the dissemination of inaccurate or deceptive information, which has the potential to

erode trust and undermine adherence to crucial health protective measures Del Vicario et al.

(2016), West and Bergstrom (2021).

Since the onset of the pandemic, there has been a considerable degree of skepticism con-

cerning both the existence and the severity of the novel coronavirus. Some individuals have

advanced theories positing SARS-CoV-2 as a weaponized pathogen developed in a laboratory

or as a result of radiation emitted by 5G towers. It is worth noting that, apart from the extreme

cases of conspiracy theories, this misinformation has also cultivated more moderate forms of

skepticism regarding the suitability and efficacy of public health policies Krohnert et al. (2023).

The extent to which such skepticism has proliferated may also be influenced by cognitive bi-

ases associated with various socio-demographic characteristics Bavel et al. (2020). Importantly,

empirical research has demonstrated a positive association between individuals who have pre-

viously embraced a conspiracy theory and their inclination to endorse other unrelated ones (Go-

ertzel, 1994, Wood et al., 2012). Consequently, it is likely that individuals who were affiliated

with the anti-vaccination movement prior to the COVID-19 pandemic were more predisposed

to harbor skepticism regarding COVID-19 and the corresponding vaccination efforts.

In this study, we investigate the origins and repercussions of COVID-19 skepticism in Italy,

a nation that faced early and severe impacts during the pandemic. The unique timing of the

pandemic onset in Italy enables us to trace sentiments surrounding COVID-19 from its ear-

liest origins, when the virus was relatively unknown and its existence and management were

minimally politicized. This renders Italy a valuable case study shedding light on the dynamics

of public opinion during a significant public health crisis. Our analysis specifically explores

the influence of public health interventions, socio-demographic factors, and pre-existing anti-

vaccination sentiments (referred to as ’old truthers’) in predicting skepticism and disbelief. We

leverage Twitter data to gauge skepticism and assess sentiment towards public policies. Dur-

ing the pre-pandemic period, our focus is on tracing the propagation of anti-vaccination senti-

ment, while in the context of COVID-19, we examine tweets expressing skepticism about the

pandemic. Unraveling the underlying factors contributing to this skepticism, especially when
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individual beliefs diverge from public health endeavors, can provide valuable guidance to poli-

cymakers seeking to devise more effective strategies for mitigating the divisive consequences of

unpopular policy choices. While our study is rooted in the Italian context, its findings may bear

relevance for other countries with similar socio-economic principles, levels of development,

and political dynamics, providing insights into the generalizable aspects of online skepticism

during a public health crisis.

Our focus is on the first wave of the COVID-19 pandemic, which extended from February

to July 2020. This temporal choice allows us to explore COVID skepticism in a context where

public sentiment towards the pandemic was in its nascent stages, and the progression of the epi-

demiological situation exhibited quasi-random patterns. Moreover, public health policies were

consistently implemented at the national level, helping to mitigate potential selection biases.

First, we analyze the primary predictors of COVID-related skepticism at the municipal level,

with a specific focus on socio-demographic, economic, and political factors. By providing a

comprehensive description and examination of inequality in skepticism during the COVID-19

pandemic in terms of education and income, we offer a framework for understanding potential

disparities in compliance with public health policy measures which are also likely to explain

the actual disparities in health outcomes. From this standpoint, our contribution aligns with the

extensive and continually developing body of literature, which demonstrates that, all else being

equal, higher educational achievement and income levels are associated with improved health

and longevity. This relationship has been well-documented in influential seminal papers, includ-

ing works by Baker et al. (2017), Jackson et al. (2022), Montez et al. (2019). Furthermore, we

evaluate the influence of pre-existing anti-vaccination sentiments expressed on Twitter before

the pandemic on the likelihood of harboring skepticism about COVID. Our findings reveal that

COVID skepticism was more prevalent in municipalities where a higher propensity to endorse

pediatric anti-vaccination beliefs existed. Under the assumption that the rate of skepticism can

approximate the degree of mistrust in the government, our findings also speak to the literature on

the impact of trust and social capital on compliance with public policy prescriptions (Ananyev

et al., 2021, Bargain and Aminjonov, 2020, Brodeur et al., 2021, Durante et al., 2021).

Secondly, we measure the causal impact of economic restrictive policies on COVID skep-

ticism, by leveraging the spatial variation in the effects of these measures. On March 22, the

government enforced a nationwide lockdown, resulting in significant economic implications for

all employees in non-essential economic sectors. The non-uniform distribution of non-essential
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economic sectors across the nation, coupled with the consistent enforcement of these restric-

tions, resulted in an unequal distribution of economic impacts, which, in turn, fostered varying

levels of dissatisfaction and skepticism. This natural experiment allows us to gauge to what

extent policy-induced discontent fuelled COVID mistrust. On a theoretical ground, personal

discontent and political alienation are linked to an increased likelihood of supporting conspiracy

theories (Abalakina-Paap et al., 1999, Bruder et al., 2013, Goertzel, 1994, Nyhan and Zeitzoff,

2018). Our research confirms that the economic difficulties resulting from COVID-19 contain-

ment measures played a substantial role in fostering COVID skepticism and eroding trust in

public health policies. These effects were particularly pronounced in municipalities that not

only experienced economic hardships but were also characterized by a higher prevalence of

individuals with pre-existing anti-vaccination sentiments ("old truthers").

To demonstrate the tangible influence of skepticism on adherence to public health recom-

mendations, we establish a robust correlation between the regional diffusion of COVID skep-

ticism on Twitter and disparities in the initial acceptance of COVID vaccines. These results

underscore the possible unintended consequences of rigorous containment measures on public

compliance to health guidelines.

This research makes a significant contribution to multiple facets of the public health field

and the effectiveness of public policies. Firstly, we demonstrate that skepticism towards pub-

lic health measures is an additional factor that can amplify existing disparities in health based on

education and income. Furthermore, we reveal that, even after accounting for socio-demographic

determinants, a predisposition to online skepticism is likely to foster mistrust across various

dimensions, potentially impacting compliance with health protection measures advocated by

public health policymakers.

The timeline of the events

During the first wave of the pandemic, Italy declared the state of national emergency on Jan-

uary 31, 2020, and on February 23 implemented the first “red zone,” restricting access to and

exit from eleven municipalities with high rates of infection - see Figure 1.1 Following a sharp

rise in the number of infections and hospitalizations due to COVID-19, the Italian government
1The quarantined municipalities were Bertonico, Casalpusterlengo, Castelgerundo, Castiglione D’Adda,

Codogno, Fombio, Maleo, San Fiorano, Somaglia, Terranova dei Passerini, Vo.
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implemented national restrictions on cultural events, sports contests, and schooling through a

Decree of the President of the Council of Ministers (DPCM) on March 9. On March 22, the

government imposed a nationwide lockdown and reduced the population’s freedom of move-

ment. The latter was only allowed for those working in the essential sectors, given that the law

also mandated an immediate halt to all commercial and industrial activities, but for those sectors

considered essential for keeping the economy operative and sustaining the population during the

pandemic. Crucially, the distribution of essential sector workers across Italian municipalities is

rather heterogeneous. Hence, depending on the pre-determined structure of economic activities,

the economic impact of the lockdown varied widely across the country, in direct relationship

with the number and the share of essential workers resident. The distinction between essential

and non-essential (suspended) economic activities is provided in Appendix A.2

Fig. 1. The evolution of COVID-19 pandemic in the first wave of contagion (Italy, 2020). Red areas
correspond to partial/national lockdown periods.

As Italy was the first European country to be significantly affected by the COVID-19 pan-

demic, its experience provides insights into the challenges and consequences that may arise

when dealing with a novel and highly contagious virus. The initial state-of-emergency declara-

tions in Italy faced skepticism from the public and policymakers, with some Italian politicians

even engaged in public handshaking to downplay economic concerns due to the virus. The ab-

sence of clear and transparent communication was also observed in other countries, where the

decision-making process at many levels of government was slow, fragmented, and inconsistent.

Therefore, lessons learned from Italy can be valuable for other countries in crafting strategies

in response to a rapidly spreading pandemic in a complex and diverse society.
2We use the updated essential sectors’ list published on a Decree published on March 25, instead of the original,

three-day lived list contained in the March 22 DPCM.
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Data and measures

This study draws upon a variety of data sources, encompassing Twitter data regarding skep-

ticism, socio-demographic features of Italian municipalities, political election data, economic

sector information related to essential activities, COVID mortality, mobility, and vaccination

rates, and other supplementary variables. The subsequent section provides a comprehensive ac-

count of these data sources and outlines the methodology for constructing the principal variables

employed in our analysis.

COVID Skepticism on Twitter. We used the Twitter Academic Application Programming

Interface (API) to collect all available tweets in Italian containing COVID-related keywords

(such as “coronavirus” and “covid”) for the year 2020, for a total of 17,318,849 tweets.

According to Kim (2022), Twitter data are particularly suitable to measure and track public

attitudes towards policy-relevant topics over time and across different locations.

Each retrieved tweet encompasses the tweet’s plain text and distinctive identification details,

which comprise the tweet ID, creation date, and counts of replies, likes, mentions, retweets,

hashtags, and multimedia content. Where applicable, additional tweet-specific information,

including location and user details such as the user ID, Twitter handle, display name, brief bio,

verification status, Twitter join date, and location were also incorporated. Furthermore, user

metrics such as the count of friends, followers, and posted tweets were included in the dataset.

A sample of the objects obtained for each tweet is available in the appendix (refer to Figure 7).

To geo-localize the tweets, we use three types of information. First, we gather the geotag

information of each tweet.3 Second, for the tweets with missing geotags, we exploit the user

geotag.4 Finally, for any remaining tweets without geotag information, we use place name

dictionaries found in the users’ bio5 and pin their tweets to the appropriate municipality based

on Italy’s administrative boundaries. Out of the initial 17,318,849 tweets, we geolocalize a total

of 6,758,177 tweets, with 3,209,030 being original content (not retweets).

To label the tweets according to their COVID skeptic content, we use a Natural Language

Processing (NLP) transfer learning model. NLP models allow us to build task-specific models

on top of large pre-trained neural networks. This enables us to leverage the power of models
3It is known as the “place field” object, and includes the latitude and longitude from the bounding box.
4This variable is known as the “location” object, and may include information such as “Rome - Italy”.
5These may contain the “description” object, such as ‘I live in Rome”
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trained on billions of documents and to provide the “last mile” of data to fine-tune the model for

our specific task. We train the Italian version of Google’s BERT (Bidirectional Encoder Rep-

resentations from Transformers) model, as in AlBERTo (Polignano et al., 2019), and we fine-

tune it to label the COVID-skeptic tweets. To classify tweets according to COVID-skepticism,

we first train the neural network on a set of tweets labeled manually as either COVID-skeptic

(li = 1) or regular COVID tweets (li = 0). As our goal is to identify skeptical tweets that

express lend ground to scientifically unfounded viewpoints, as opposed to legitimate concerns

about the pandemic and its associated phenomena, we construct our training dataset by select-

ing tweets from established fake news outlets, in line with the methodology employed by Pierri

et al. (2020). Lastly, we apply the trained model to the remaining tweets, enabling us to predict

the level of leniency li 2 0, 1 for each individual tweet i. Technical details on the creation of

the training and test sets can be found in Appendix C.

Following the approach of Cinelli et al. (2020) and Giaccherini et al. (2022), we aggregate

COVID-related tweets to determine rates of COVID skepticism prevalence at the municipality-

week level, as the average leaning of all COVID-related tweets authored by users situated within

the municipality’s boundaries. The stances on COVID are assumed to be embedded in a one-

dimensional space CovidSmw 2 [0, 1]. Following the same procedure, as also done in Gi-

accherini et al. (2022), we additionally retrieve the average municipality-level Twitter stance

concerning skepticism towards pediatric vaccines in the pre-COVID period (V axSi 2 [0, 1]).

The measure is constructed through a process similar to that of COVID-related tweets. How-

ever, in this case, the algorithm is fine-tuned to identify skepticism related to vaccines. The

descriptive statistics presented in Table 1 shed light on the degrees of skepticism associated

with COVID-19 and vaccination (Vax skepticism) across municipalities, along with Twitter en-

gagement metrics during the pandemic. In Panel a, the median COVID skepticism is 0.51,

signifying a moderate level of skepticism, accompanied by a mean of 0.55 and a noteworthy

range spanning from 0.33 to 0.89. In contrast, Vax skepticism in 2018 presents a lower mean

of 0.36, indicating a relatively reduced skepticism level in the pre-pandemic period. Moving to

Panel b, the Twitter metrics for COVID tweets unveil substantial variations in user engagement.

Metrics like User, Retweet, Replies, Likes, and Quotes exhibit diverse activity levels, with a no-

tably elevated mean Retweet value of 27.20, highlighting significant information dissemination.

Follower and Friend counts accentuate the diverse levels of influence across municipalities, with

median and mean values reflecting varying Twitter network sizes. Importantly, all figures are
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weighted by municipality population size, ensuring a proportional representation in the data.

Median Mean SD Min Max Obs.

Panel a: Main variables
COVID skepticism 0.51 0.55 0.18 0.33 0.89 56,430
Vax skepticism (2018) 0.34 0.36 0.19 0.00 1.00 2,313
Panel b: Twitter metrics of COVID tweets
User 1,263.50 5,487.86 18,543.99 1.00 664,377.00 56,430
Retweet 0.43 27.20 248.89 0.00 9,332.00 56,430
Replies 0.00 0.18 2.95 0.00 353.00 56,430
Likes 0.00 1.54 44.98 0.00 17,405.33 56,430
Quotes 0.00 0.04 1.28 0.00 534.00 56,430
Followers 62.56 404.54 5,131.25 0.00 2,031,074.00 56,430
Friends 48.56 256.68 1,473.71 0.00 125,886.00 56,430

Table 1. Descriptive statistics of Twitter data. Panel (a) COVID skepticism refers to
6,758,177 geo-located tweets, across 1640 municipalities and 52 weeks, and Vax skepticism
is the municipality-level measure observed in 2018. Panel (b) refers to the average number of
COVID tweets. All numbers are weighted by the municipality population size.

COVID policy stringency and contagion. We establish the degree of local stringency in

COVID mitigation policies by focusing on the economic lockdown measures. Specifically,

following the approach in Borri et al. (2021) and Di Porto et al. (2022), we construct a measure

of the local impact of the COVID economic lockdown, by considering the heterogeneity in the

distribution of essential workers across various economic sectors within Italian municipalities.

Specifically, we calculate the municipality-level proportion of workers impacted by the eco-

nomic lockdown (referred to as “suspended workers”) by combining data on the number of

workers at the NACE three-digit sector level from the 2018 “Registro Statistico delle Unità

locali” and the list of sectors affected by the lockdown, as outlined in the March 25 Decree.6

Subsequently, we compute the share of the affected population by dividing the number of sus-

pended workers (aged 15 and above) by the total municipality population. Additionally, we

construct a binary indicator variable, taking value one for municipalities where the share of

workers affected by the economic lockdown exceeded the national average, weighted by the

population size of each municipality. Table 2 shows the metrics on economic and health dimen-

sions during the pandemic. The share of suspended workers reveals a mean of 0.47, highlighting

a significant portion of the workforce affected by economic disruptions, with a range from 0.04
6We rely on the 2018 data from the “Registro Statistico delle Unità locali” (ASIA), which represents the most

recent dataset available for assessing the number of workers in each municipality in Italy across various NACE
sectors. This data remains suitable for our purposes as no substantial changes transpired within the Italian economy
during the subsequent year in 2019.
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to 0.91. Excess mortality indicates relatively low overall mortality rates (mean value 0.10),

but with considerable variability from -1.48 to 5.49. Mobility, computed at the province level

between January 25 and June 17, 2020, exhibits a mean of 1.82, signifying diverse levels of

mobility restrictions across regions during that period. These statistics, all weighted by mu-

nicipality population size, provide nuanced insights into the multifaceted impacts of COVID

policies.

Median Mean SD Min Max Obs.

Share of suspended workers 0.46 0.47 0.09 0.04 0.91 3,152
Excess mortality 0.01 0.10 0.46 -1.48 5.49 56,430
Mobility 1.79 1.82 1.30 0.14 5.89 27,093

Table 2. Descriptive statistics of COVID policy stringency data. Worker-related variables
refer to the municipality-level measure observed in 2018. Mobility is computed at the province
level between January 25 and June 17, 2020. All numbers are weighted by the municipality
population size.

COVID mobility and excess mortality. Following Pepe et al. (2020), To measure the extent

of individual mobility from January to June, we utilize the weekly users’ average radius of

gyration by province, made available through the Facebook – Data for Good program.

Additionally, we generate excess mortality data during the COVID pandemic period using

the official dataset of deaths registered at the municipality level, sourced from the Italian Na-

tional Statistics Office (ISTAT), spanning from January 1 to June 30, 2020. With this data,

we calculate the difference in the weekly number of deaths at the municipality level in 2020

compared to the historical average for the years 2015 to 2019.

9



Fig. 2. The evolution of Twitter COVID skepticism and excess mortality (Italy, 2020). The blue line shows
the OLS coefficient estimates of Twitter COVID skepticism, along with the 95% confidence intervals, weighted
by population size (on the right-hand axis). The model is constructed as an event study, regressing Twitter COVID
skepticism at the municipality/week level on 49 week-specific dummy variables starting from the last week of
January, when the first COVID cases in Italy were detected, and ending in the last week of 2020. The estimation
sample is an unbalanced panel of 1,639 municipalities for 56,397 observations. The red bars plot their weekly
excess mortality in 2020 with respect to the average of the same week in the period 2015-2019 (in standard
deviations, left-hand axis). The clear and dark gray areas represent the periods of i) containment measures (March
4 to June 2) and ii) full economic lockdown (March 22 to May 4), respectively.

Figure 2 presents the evolution of the pandemic and Twitter skepticism in 2020. The red

bars show the excess mortality (expressed in standard deviations) in the subset of municipalities

defined by the Twitter data, measured with respect to the average of the same week in the period

2015-2019 on the left-hand axis. The blue line displays the trend in the average Twitter COVID

skepticism along with the 95% confidence interval obtained through an event study Ordinary

Least Squares (OLS) estimation on the right-hand axis. The clear and dark gray areas represent

the periods of containment measures (March 4 to June 2) and full economic lockdown (March

22 to May 4), respectively. Figure 2 illustrates the countercyclical evolution of skepticism in

relation to the epidemic. Initial mistrust about COVID decreased as the first casualties emerged

but reemerged after the first wave of infections ended in the summer 2020, before dropping

again with the arrival of the second wave.

Socio-demographic characteristics Table 3 offers insights into the demographic and polit-

ical variables across municipalities. We collect data on the share of the population with sec-
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ondary educational attainment at the municipality level from the official ISTAT Census of 2011

(mean value 0.43), which represents the most recent detailed source available for such informa-

tion at the municipal level. Furthermore, we use municipality-level per-capita annual income

data from the Ministry of Economy and Finance for the year 2019. Per capita income, mea-

sured in thousands, showcases the economic diversity within municipalities, ranging from 2.72

to 22.67.

Median Mean SD Min Max Obs.

Share of secondary education 0.42 0.43 0.08 0.18 0.74 3,136
Per capita income (in thousands) 7.84 7.47 2.14 2.72 22.67 3,152
Populist (governing) 0.15 0.18 0.10 0.00 0.55 3,152
Populist (not governing) 0.30 0.31 0.11 0.05 0.69 3,152

Table 3. Descriptive statistics of other data. All numbers are weighted by the municipality
population size.

Political variables We gather information regarding the proportion of votes cast for Italian

political parties at the municipal level during the 2019 European Parliament election from the

Ministry of Interior. We specifically define two variables that reflect the proportion of votes

given to populist parties that are in government (Movimento 5 Stelle) and out of government

(Lega Nord), respectively (Aassve et al., 2018). In Table 3, the summary statistics reveal that

the governing party has a mean of 0.18. Similarly, the non-governing counterpart exhibits a

mean of 0.31.

COVID vaccination rates and other relevant data We obtain COVID vaccination coverage

rates for the first year of the vaccination rollout, spanning from January to December 2021,

from the Italian regional vaccination census known as the "Anagrafe Vaccinale." Throughout

this period, vaccination efforts effectively covered nearly all citizens in Italy, accumulating

valuable information and individual experiences pertaining to COVID infections and vaccines.

We assess coverage at two distinct time points: one after the first 6 months of the vaccina-

tion campaign and another after 12 months. Our primary focus is on the first doses administered

since they most directly reflect the decision to pursue immunization. In Table 4, descriptive

statistics provide insights into various vaccine-related variables across 20 regions, shedding

light on the vaccination landscape. Notably, the mean vaccine coverage at 6 months stands at

0.58, indicating a considerable proportion of the population receiving vaccination during the
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early stages. This coverage increases to 0.79 at 12 months, reflecting a significant uptick in vac-

cination rates over time. Concurrently, COVID skepticism, with a mean of 0.58, demonstrates

a nuanced public sentiment towards vaccination efforts. The Vax skepticism variable, with a

mean of 0.37, suggests a discernible level of skepticism within the population.

Mean SD Min Max
Vaccine coverage (6 months) 0.58 0.03 0.49 0.61
Vaccine coverage (12 months) 0.79 0.02 0.74 0.81
COVID skepticism 0.58 0.04 0.53 0.64
Vax skepticism 0.37 0.02 0.28 0.41
Public health exp. (pc in thousands) 1.84 0.08 1.67 2.07
Share of LHAs with prevention units 0.99 0.05 0.50 1.00
Share of C-sections 0.29 0.05 0.21 0.55
Elderly index 1.71 0.25 1.30 2.57

Table 4. Descriptive statistics of vaccine data. All numbers are weighted by the region
population size. The sample refers to 20 regions.

We also gather additional relevant regional variables related to the supply side of the Italian

healthcare system. These include the regional per-capita public health expenditure , as recorded

in 2018 (mean value 1.84), the proportion of public Local Health Authorities (LHAs) with

a dedicated prevention department (mean value of 0.99 with a variability from 0.50 to 1.0),

and the percentage of Cesarean sections (C-sections) performed in 2018 (mean value 0.29).

The C-sections serve as a proxy for assessing healthcare system appropriateness since high

and unwarranted C-section rates are often associated with financial incentives, concerns about

malpractice, or shortages of nursing staff.

Furthermore, we create an elderly index, calculated as the ratio of the resident population

aged 65 or older to the young population (0-14). This index, with a mean of 1.71, reflects the

demographic composition, underscoring the significance of age-related considerations in public

health planning. All values are weighted by the region’s population size.

Methodology

We commence our analysis by investigating the relationship between COVID skepticism senti-

ment during the first wave of the pandemic (February to July 2020) and several municipality-

level attributes.7

7In our context, the "first wave" extends from the declaration of the state of emergency in the last week of
January 2020 to the end of July 2020. Others, such as Boschi et al. (2021), define it as the period from February to
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Among these characteristics, we consider various socio-demographic factors like educa-

tional attainment and per-capita income. Additionally, we empirically investigate whether mu-

nicipalities with a higher prevalence of anti-vaccine sentiment in the pre-pandemic era exhib-

ited greater skepticism toward COVID. Lastly, we incorporate political affiliation and several

COVID-related variables, including the local impact of containment measures, excess mortality,

and mobility patterns. As a result, we estimate the following equation:

CovidSFWm = Demo
0
m↵ + �V axSm + Pol

0
m� + �EconLockSharem+

Covid
0
FWm⇣ + Twitter

0
m� + ⇢a + "m

(1)

where CovidSFWm is the degree of COVID skepticism as measured by the average COVID-

related Twitter stance in the first wave (FW ) of the pandemic at the municipality m level

(ranging between 0 and 1), while Demo
0
m is a vector of municipality socio-economic charac-

teristics, namely share of the population with secondary educational attainment and per-capita

income (linear and square), V axSm is a municipality-level measure of skepticism related to

vaccines observed in 2018 (also ranging between 0-1), Pol
0
m reports the share of votes obtained

by populist parties, either governing or at the opposition, EconLockSharem is the share of sus-

pended workers due to the economic lockdown introduced after March 22, 2020, Covid
0
FWm

is a vector of variables describing the local COVID burden in the first wave of the pandemic,

including excess mortality and mobility. Finally, Twitter0m controls for a number of Twitter

metrics, including the average number of Twitter users, followers, and followings (friends),

retweets, replies, likes, and quotes, while ⇢a are geographic macro-area fixed effects accounting

for systematical differences between the North-East, North-West, Center, South, and Islands.

Finally, the error term is clustered at the local labor market level (LLM), while the estimates are

weighted by municipal population size. For notational convenience, we suppress subscripts a

for the municipality’s macro-area (5 in total) and s for the municipality’s LLM (610 in total).8

In the second part of the empirical analysis, we shift our focus to investigate the causal

impact of the economic lockdown on COVID skepticism. The implementation of the national

mandate to suspend non-essential economic activities varied among municipalities, even within

the same province. This variation in policy enforcement provides an ideal setting to discern the

April.
8LLMs are sub-regional geographical areas where the bulk of the labor force lives and works—they are

developed through an allocation process that creates the LLMs based on the analysis of commuting patterns
(https://www.istat.it/en/labour-market-areas).
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causal impact of contentious policy measures on skepticism toward public policy and, conse-

quently, the likelihood of compliance with public health measures. In our pursuit of identifying

the causal effect, we employ a distributed lags difference-in-differences design. We thus com-

pare local average COVID skepticism with the share of the suspended population due to the

economic lockdown above and below the national average before and after the introduction of

the lockdown. For this purpose, we estimate the following model:

CovidSmw = EconLockm ⇥
20X

w=�5|w 6=�1

�wIw + Covid
0
mw⇣+

Twitter
0
mw� + ✓m + �w + �r ⇥ w + "mw

(2)

where CovidSmw is the average COVID skepticism stance of municipality m in a week w,

EconLockm is an indicator dummy variable taking value one for municipalities where the share

of workers affected by the economic lockdown was greater than the national average. It is

interacted with the indicator variables I(w = �5, 20), i.e., 5 anticipatory effects (leads) and 20

post-treatment effects (lags). We also control for mobility and COVID weekly excess mortality

in the Covid
0
mw vector, for time-varying Twitter metrics at the municipal level in Twitter

0
mw,

and for weekly trends at the regional level, �r ⇥ w. Again, we suppress subscript r for the

municipality’s region (20 in total) for notational convenience. Finally, we include week and

municipality fixed effects (✓m �w, respectively). Again, the idiosyncratic error term is clustered

at the LLM level, and the estimates are weighted by municipal population size.

Additionally, we also test if municipalities showing a stronger anti-vax sentiment pre-COVID

were more COVID-skeptical, complementing the analysis with an indicator variable (V axSm)

in the interaction term that takes value 1 for municipalities where the anti-Vax views were

greater than 0.5, and 0 otherwise.

Finally, in order to examine the implications of online skepticism on compliance with public

health recommendations, we estimate the correlation between COVID skepticism and COVID

vaccine coverage. In carrying out this exercise, we are limited by the availability of COVID

vaccination data, accessible only at the regional level. This represents an important limitation

as the Italina regions are only 20. We nevertheless aim to understand if the COVID skepticism

registered in 2020 and the general vaccine skepticism measured in 2018 are likely to explain

differences in the share of the population immunized by the novel vaccines after 6(12) months

from the beginning of the campaign. We thus estimate the following model:
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V accineC
t
r = �

t
CovidSr + �

t
V axSr +HC

0
r⇣

t + �
t
Xr + Twitter

0
r�

t + "
t
r (3)

where V accineC
t
r is COVID vaccine coverage in the region r = 1, 20 in the first t months from

the vaccination introduction (t = 6, 12), CovidSr is the regional average COVID skepticism

in 2020, V axSr is the regional level vaccine skepticism referring to pediatric and elderly vac-

cines in 2018, HC
0
r is a vector of the regional healthcare system characteristics measured in

2018, such as per-capita public health expenditure, the share of public LHAs with prevention

units, and the share of C-sections. Finally, Xr is the 2018 regional elderly index, and Twitter
0
r

controls for the Twitter average number of followers, friends, and replies, while "r is the id-

iosyncratic error term, and the estimates are weighted by regional population size.

Results

Drivers of COVID skepticism. In the first part of the analysis, we examine the most im-

portant predictors of COVID skepticism at the municipality level. The estimates are shown in

Figure 3. The dependent variable and most of the covariates (unless otherwise specified) range

between 0 and 1, and the estimates show how much the dependent variable changes when the

predictor changes by 1 unit, conditional on other covariates.

First of all, we find the rate of excess mortality - measured in hundred deaths - with respect

to the same week in the previous year and the extent of mobility feature a negative association

with the rate of skepticism (�7.8 and �3.8 pp, respectively). These coefficient estimates align

with the idea that municipalities more directly affected by the pandemic toll were more likely

to comply with mobility restrictions and less likely to spread skepticism.
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Fig. 3. COVID skepticism in the first wave and municipality-level characteristics. COVID skepticism is the
municipality-level average over the first wave of the pandemic (Feb-Jul). Also, the other time-varying covariates,
such as excess mortality, mobility, and Twitter metrics, are measured over the first wave of the pandemic. The
share of suspended workers is defined for sectors enlisted in the March 22 D.L. n. 6/2020 decree on the economic
lockdown in function of the distribution of workers by economic sector in 2018 provided by the National Sta-
tistical Office. Education and per capita income are sourced from the 2011 municipality-level census and 2019
municipality-level income data, respectively. The municipality-level support for populist parties in power (the 5-
star movement) and out-of-government parties is based on the proportion of votes received at the 2019 European
Parliament election. Using OLS regression, we estimate the association between COVID skepticism and these
covariates, with the coefficients weighted by the municipal population size. Standard errors are clustered at the
Labor Market Area level.

More importantly, we find that the share of individuals with completed secondary education

at the municipality level is negatively associated with COVID skepticism (�23.9 pp). Interest-

ingly, we also identify a statistically significant U-shaped relationship between COVID skepti-

cism and the average per-capita income at the municipality level. When we account for other

covariates, we observe that municipalities with the lowest and highest per-capita income ex-

hibit pronounced levels of COVID skepticism. Considering the income distribution among the

municipalities, the coefficient estimates indicate that, after controlling for other characteristics,

skepticism reaches its minimum point around the average value of per capita income for the Ital-

ian municipalities. Beyond that threshold, skepticism tends to increase for municipalities with

higher income levels. Our evidence might present an important contribution to the literature

that provides empirical evidence on the beneficial role of both education and income for health

outcomes (e.g. Baker et al., 2017, Jackson et al., 2022, Montez et al., 2019). We show that in

the case of attitudes towards public health policies, the gradient in terms of socio-demographics
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characteristics is not monotonic, which is also consistent with several papers that study preven-

tive behavior in terms of vaccination or compliance with stay-at-home orders Drummond and

Fischhoff (2017), MacDonald et al. (2015).

It is important to stress that our measure of skepticism by construction addresses the extent

to which scientifically unfounded posts propagated by famous fake news outlets were locally

shared and distributed and does not refer to posts regarding a healthy debate about the benefits

and costs of COVID-related policy measures, also expressed in the economic literature (e.g.

Allen, 2022, Mader and Rüttenauer, 2022). From this perspective, the results of our study

should be read in line with the literature on misinformation and vaccine hesitancy. Moffitt et al.

(2022) show that individuals who embrace conspirational forms of skepticism are frequently

characterized by a well-defined cognitive profile that makes them susceptible to such contents.

In fact, our evidence supports the hypothesis that pre-existing anti-vaccine sentiment creates

a fertile ground for the emergence of COVID skepticism (Hornsey et al., 2022, Romer and

Jamieson, 2020), as indicated by a positive coefficient estimate of 10.2 percentage points (pp).

Additionally, we show that the political affiliation of the municipalities matters, as the share

of municipality votes for the non-governing populist political parties exhibited a positive and

statistically significant relationship with skepticism (+25.1 pp). On the other hand, the share of

votes for the ruling populist party (i.e., the 5-star movement) was not associated with skepticism,

which is likely to reflect the support for the Government decisions. The politicization of the

COVID-related debate has also been confirmed by Rathje et al. (2022), who show that vaccine

hesitancy is associated with a systematic tendency to interact with low-quality social-media

content as well as conservative-leaning in the US. In a similar fashion, Gollwitzer et al. (2020)

find a strong relationship between pro-Trump voting US counties and lower compliance with a

number of public health recommendations and orders, such as social distancing, stay-at-home

orders, and subsequently worse health outcomes in terms of infection and mortality.

Importantly, we also show that the unequal burden of the economic lockdown significantly

contributed to the spread of conspiracy theories, with a positive coefficient of 20.6 pp. This

evidence is in line with de Figueiredo et al. (2021), who examine the effects of the introduction

of vaccine passports for domestic use and to facilitate international travel for UK residents.

Their analysis shows that passports are likely to have had a polarizing effect on the attitude

towards routine immunization programs, discouraging those individuals with low overall trust

in authorities and the Government due to the curtailing effect on individual freedom. They
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suggest that by alienating critical minorities, it may be actually possible to attain an overall

decrease in inclination to vaccinate.

The impact of economic lockdown. To investigate the impact of restrictions on COVID skep-

ticism in a causal setting, we leverage a difference-in-differences strategy (DiD), comparing the

change in local average COVID skepticism between municipalities with low (treatment group)

and high (control group) proportions of essential workers. The uniform implementation of the

restriction on non-essential economic activities across the country resulted in an unequal dis-

tribution of economic impacts, which was directly related to the percentage of the population

working in essential sectors. As a result, neighboring municipalities that were ex-ante identi-

cal faced somewhat different economic consequences in an unpredictable way (i.e., as good as

random), leading to heterogeneous levels of discontent and disbelief.9

Figure 4-(a) shows COVID skepticism trends across treated and control municipalities. Af-

ter an initial decreasing trend in both groups, the two series start to diverge—even though not

significantly in the period between the first nationwide restrictions and the full economic lock-

down. During the six weeks of economic lockdown, the treated municipalities immediately

feature a steady, increasing trend that is not matched by the dynamics in the control counterpart,

which is relatively flat. Interestingly, after the end of the most rigorous emergency measures,

skepticism plummet in control municipalities while remaining relatively high in treated loca-

tions. From July onwards, when the number of infections, hospitalizations, and deaths reached

the lowest level since March 2020, the differential between the two series vanish. In Figure 4-

(b), we plot the estimated DiD coefficients and their 95% confidence intervals contrasted with

the average excess mortality. In line with the ballpark graphical evidence, the analysis confirms

that imposing the economic lockdown caused an increment in COVID skepticism between 3

and 5 pp in treated municipalities, that such effect lasted until July 2020, and that it was not

directly linked to the dynamics of excess deaths.
9The use of DiD offers the additional advantage of netting out from the estimation any effects on skepticism that

are independent of the treatment. If the imposition of stringent policies generated a strong response in skepticism
across e.g. younger generations, such an increase would not affect the parameters as long as there is no correlation
between the average age and the proportion of essential workers across provinces.
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(a)

(b)

Fig. 4. The impact of economic lockdown on COVID skepticism (a) reports predicted values of COVID
skepticism based on a distributed lags DiD design. The graph compares local average COVID skepticism stances
coefficient estimates for treated (dash-dot line) and control municipalities (solid line). The treatment is defined as
unity for municipalities where the share of suspended workers was greater than the national average. Blue plot
(b) reports the DiD coefficients between treated and control municipalities compared with the excess mortality
expressed in standard deviations at the municipality level. The regression controls for Twitter metrics at the mu-
nicipal level (average number of users, followers, followings (friends), retweets, replies, likes, and quotes), weekly
trends at the regional level, and week and municipality fixed effects. The error term is clustered at the Labor Mar-
ket Area level, and the estimates are weighted by municipal population size. The estimation sample refers to 1,639
municipalities over 25 weeks.

The propensity for skepticism, mistrust, and conspiratorial thinking is likely to be a con-

sistent individual trait, as indicated by studies like Hornsey et al. (2022), Moffitt et al. (2022),

Romer and Jamieson (2020). As further outlined in Hornsey et al. (2022), at the individual level,

various cognitive, clinical, motivational, personality, and developmental factors may predispose

individuals to engage in conspiratorial thinking. Conversely, at the aggregate level, economic,

political, cultural, and socio-historical contexts can also systematically influence individuals’

inclination to embrace different forms of skepticism and mistrust. Hence, it is plausible that the
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distribution of anti-vaccination sentiment among municipalities at the outset of the lockdown

serves as a significant source of heterogeneity in the impact of policy-induced discontent.

To capture the heterogeneous effect on the new discontent in the treated municipalities

across different pre-exisitng levels of skepticism towards pediatric vaccines, we define an indi-

cator variable taking value one for municipalities with pre-COVID anti-vaccination sentiment

above the median. We then augment our DiD setting with the interaction term between the

new binary variable and the treatment status for municipalities with a high share of suspended

workers. Figure 5 reports the estimated parameters of interest alongside their standard errors.

As expected, the pre-existing anti-vaccination sentiment determines a higher level of COVID

skepticism (+2.8 pp). We observe a similar treatment effect in municipalities that were partic-

ularly exposed to the economic lockdown following its implementation, resulting in a +2.8 pp

increase in skepticism. More interestingly, the treatment effect nearly doubles in municipali-

ties with initially high anti-vax sentiment. In these areas, where the economic lockdown was

experienced to a more significant extent, the coefficient estimate indicates an additional 2.4 pp

increase in the local skepticism rate.

Fig. 5. The impact of economic lockdown and anti-Vax views pre-COVID on COVID skepticism. COVID
skepticism is the municipality-level average over the first wave of the pandemic (Feb-Jul). The treatment is defined
as unity for municipalities where the share of suspended workers was greater than the national average. The
share of suspended workers is defined for sectors enlisted in the March 22 D.L. n. 6/2020 decree on the economic
lockdown in function of the distribution of workers by economic sector in 2018 provided by the National Statistical
Office. High vax skepticism is a dummy variable that takes value 1 for municipalities where the anti-vax skepticism
(pre-COVID) was greater than the median value. Dots are DiD coefficients weighted by the municipal population
size with 95% confidence intervals clustered at the Labor Market Area level.
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Vaccine hesitancy. From the first phases of the initial phase of the COVID vaccine rollout,

significant public policy efforts were dedicated to promoting their safety and effectiveness, aim-

ing to maximize acceptance. However, even with these extensive public outreach campaigns

and mandates in place, a noteworthy segment of the population continued to opt from the im-

munization.

In this context, our objective is to investigate whether the online COVID skepticism, as

measured in our analysis, is associated with variations in the uptake of COVID vaccines dur-

ing the early stages of their introduction. Within an OLS framework, we establish correlations

between COVID vaccine coverage observed in the initial months of the campaign and several

key factors, including the COVID skepticism indicator, pre-pandemic anti-vax sentiment, and

additional variables designed to control for the characteristics of the local healthcare system that

might influence the administration of COVID vaccinations. Specifically, these control variables

comprise regional-level data encompassing local healthcare expenditure, the proportion of Lo-

cal Health Authorities (LHAs) equipped with prevention units, the share of Caesarean sections

(C-sections) in relation to total births, and the elderly index. The regional level represents the

most detailed level available for COVID vaccine coverage data.

Figure 6 illustrates that a higher level of COVID skepticism is associated with a reduction

in vaccine coverage. Specifically, a 1 pp increase in COVID skepticism corresponds to a 0.4

pp (0.3 pp) decrease in the coverage of the first dose of anti-COVID vaccination during the

first 6(12) months of the campaign. Notably, pre-COVID vaccine skepticism exhibits an even

stronger correlation, albeit noisier, with COVID vaccine uptake in the initial 6 months of the

campaign, resulting in a decrease of 0.7 pp. However, this correlation loses statistical signifi-

cance after 12 months of the campaign.

Moreover, COVID vaccine coverage rates demonstrate a positive association with local pub-

lic healthcare expenditure and the presence of prevention units in Local Health Authorities

(LHAs). Conversely, coverage decreases as the level of healthcare quality, as measured by the

share of C-sections, and the proportion of elderly residents in the local population increase.
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Fig. 6. COVID vaccine coverage, COVID skepticism, vaccine skepticism, and healthcare provision The
figure reports OLS coefficient estimates (weighted by the regional population size) together with the 95% confi-
dence intervals. The red gradient refers to estimates carried out on the coverage measured in the first 6 (vivid)
and 12 (bland) months of the vaccination campaign. All regressions control for Twitter metrics at the regional
level measured in 2020. COVID skepticism is the 2020 regional average. The correlation sample consists of all 20
regions.

It is important to emphasize that our results do not indicate an actual detrimental effect of

skepticism on health. Instead, what we are measuring is the impact of skepticism on adherence

to policy recommendations. It’s worth noting that while the vaccination of vulnerable groups

likely reduced the incidence of death and severe illness within those populations, it’s possible

that achieving high coverage among high-risk individuals led low-risk individuals to make a

rational decision to opt out of vaccination campaigns. In this scenario, lower coverage rates

may not necessarily indicate inappropriate immunization but could reflect a rational decision-

making process. In fact, as highlighted by de Figueiredo et al. (2021), vaccination mandates

may have contributed to mistrust, resulting in coverage being too low among some vulnerable

groups and too high in the general population.

Conclusions

The COVID-19 pandemic provides a fertile ground for the proliferation of misinformation and

diffrent forms of skepticism as individuals attempt to comprehend the complex and often un-
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clear events of the world. Old and new “truthers” flood the social media platforms to share their

speculations about the origin of the coronavirus, global plots to restrict freedom, and the rea-

sons behind government-imposed lockdowns, mask mandates, and vaccine requirements. The

increased usage of social media during the stay-at-home orders further facilitated the spread of

COVID skepticism and related theories.

Using a dataset of Italian Twitter posts paired with municipality characteristics, our re-

search suggests that socio-demographic factors are likely to mitigate the emergence of skepti-

cism, while pre-existing anti-vaccine sentiment or populist political leniency were more likely

to foster it. Additionally, our difference-in-differences analysis shows that the unequal dis-

tribution of economic consequences resulting from lockdown measures during the COVID-19

pandemic played a significant role in fueling skepticism. Restrictive policy measures imple-

mented during the COVID-19 pandemic generated discontent, which was exacerbated in areas

where pre-existing skepticism towards pediatric vaccines existed. These findings align with

previous research on the non-linear effects of controversial issues in promoting social media

polarization (de Figueiredo et al., 2021, Giaccherini et al., 2022).

Research has shown that individuals who opt out of COVID vaccination tend to be younger,

female, and have low trust in government and science Callaghan et al. (2021), Galasso et al.

(2021), Khubchandani and Macias (2021), Lazarus et al. (2021), Schwarzinger et al. (2021). In

the pre-COVID era, Broniatowski et al. (2018) argued that the spread of vaccine misinformation

on social media fuels the vaccination debate, fosters negative opinions about vaccines, and may

even contribute to the resurgence of diseases like measles (Burki, 2019, Wilson and Wiysonge,

2020). Others have asserted that online misinformation can pose significant health risks and

contribute to vaccine hesitancy (Gallotti et al., 2020, Loomba et al., 2021). However, the precise

relationship between vaccine skepticism and COVID-19 vaccine uptake rates is not entirely

clear. In a recent analysis, (Pierri et al., 2022) demonstrated that lower COVID-19 vaccine

uptake rates in the United States may actually be driven by online misinformation on platforms

like Twitter and Facebook.

We contribute to the debate within a novel empirical framework, leveraging a state-of-the-

art natural language processing model and detailed socio-economic data. In this context, we

investigate shifts in skepticism and their relationship with COVID vaccine uptake in Italy over

the initial 6 and 12 months of the campaign, at the regional level. Our findings reveal a strong

negative correlation between vaccine coverage and COVID skepticism, as well as with pre-
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existing anti-vax sentiment. While COVID coverage rates may not solely stem from inadequate

coverage among high-risk individuals but rather reflect a rational choice made by lower-risk

segments of the population, they serve as a proxy for compliance with public health policy

recommendations.

Our results contribute to the literature investigating the impact of the digital revolution

on health-related outcomes. While numerous studies have emphasized the positive effects of

broadband access, mobile phones, and the internet on reproductive health and protective behav-

iors (e.g. Bellou, 2015, Billari et al., 2020, Guldi and Herbst, 2017, Pesando, 2022, Rotondi

et al., 2020), our research highlights that social media, acting as an amplifier of intentions, may

also exacerbate a wide range of potentially undesirable choices from a policy perspective and

promote mistrust within the population. Finally, our findings indicate that coercion in policy

implementation may inadvertently lead to reduced overall compliance with public health rec-

ommendations.
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A Supplementary Material

Data on share of non/essential workers

In order to determine the share of suspended workers in each municipality, we sourced the data

on the number of workers at the NACE three-digit sector level from the “Registro Statistico

delle Unità Locali” (ASIA-UL).10 To classify workers as either active or suspended, we use the

list of sectors allowed to operate (essential sectors) specified in the Appendix 1 of the March

25 DPCM, which introduced the economic lockdown. Along with the restrictions currently in

place under the March 9 DPCM, such as the lockdown of bars and restaurants, shops, schools

and universities, sport infrastructure, cultural and leisure activities, and a national stay-at-home

order, the March 25 DPCM provided for a general lockdown of all industrial and commercial

activities, with some exceptions (essential sectors), such as:

• health;

• agro-food;

• logistic and energy activities;

• financial;

• insurance;

• maintenance and vigilance services;

• activities aimed at ensuring the continuity of the supply chain of the essential sectors’
activities;

• activities of plants with a continuous production cycle;

• activities of the aerospace and defense industry and strategically relevant activities for the
national economy;

• the production, transport, commercialization and delivery of medical products;

• healthcare technology and medical devices and any agricultural and food supplies;

• any activity useful to manage the emergency.

10The most recent information on the number of workers in each Italian municipality is from ASIA-UL data for
2018. The Italian economy did not significantly change between 2018 and the COVID epidemic in 2020, making
this data a trustworthy indicator.
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B Additional Figures
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Fig. 7. Twitter objects. The figure shows the structure of tweet objects returned by Twitter
API. In particular, they are constituted by three linked entities - featuring several “children”
each: i) Tweet, ii) User, and iii) Place fields for each retrieved tweet related to the keywords
“covid” or “coronavirus” written in Italian during the 2020 period.
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