Global misinformation spillovers in the online vaccination debate
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Anti-vaccination views pervade online social media, fu-
eling distrust in scientific expertise and increasing vaccine-
hesitant individuals. Thus far, the scientific study of the de-
bate around vaccination on online social media (OSM) has
focused on specific countries [1, 2, 3, 4] or English-speaking
users [5]. Upon arrival of COVID-19, it is now imperative
to understand the flows of anti-vaccine — or no-vax — in-
formation not only nationally but internationally, in order to
have a bird-eye view on the topic and inform effective com-
munication campaigns. To address this need, in this work we
build and analyze a series of international information flow
networks by leveraging 316 million Twitter posts related to
vaccines in 18 different languages from a pre-COVID era to
April 2021. To this aim, we first investigate (i) how polar-
ized, in terms of echo chambers phenomenon, the vaccina-
tion debate is in different countries, over time, to identify
users in no-vax communities and (ii) how susceptible, in
terms of circulation of information, are these no-vax com-
munities to low quality information. We propose a flexible,
language-neutral community detection approach, and com-
bine it with human-in-the-loop expert knowledge to track
polarization and echo chambers in different countries across
time. Below, we highlight some of the results of this work.

We start by selecting 4 three-months periods before and
during the pandemic, which we dubbed as i) pre-COVID, ii)
pre-vaccine, iii) vaccine development, and iv) vaccine roll-
out periods. We then select 28 countries in Europe, America
and Oceania having at least 2000 unique users in each pe-
riod. We construct the retweet (RT) networks corresponding
to each country and time period, detect communities by us-
ing hierarchical clustering, and label a sample of tweets from
each community to identify clusters of users exposed to no-
vax content. We found 52 of these “no-vax” communities.
Note that this does not imply all users in these communities
hold anti-vaccination opinions, but that they are more likely
to be exposed to such material. We find that no-vax commu-
nities are generally present in English-speaking countries,
with respect to Spanish speaking ones. However, some of
the relatively largest country-specific no-vax communities
appear in France, Italy, Netherlands, Poland, and the United
States.

Turning to potential echo-chambers in these networks,
we first quantify the degree of polarization in the vaccina-
tion debate by using the Random Walk Controversy (RWC)
score [6], which measures how much users in no-vax com-
munities are exposed to information coming from their own
side vs. the rest of the network. The RWC score is overall
very high, indicating that the vaccination debate is gener-

ally highly polarized. However, it decreases substantially
over time, suggesting that users in novax communities be-
came less isolated in the vaccination discourse during the
COVID pandemic. Secondly, we investigate whether the
users in the no-vax communities are exposed to information
sources different from the rest of users [7]. To this aim, we
look at the content shared by the users, constructing a co-
sharing (CO) network where users are connected by a link if
they share the same URL, and gauge the similarity between
the RT and CO networks by computing the Normalized Mu-
tual Information (NMI) between their community structures.
On average, the NMI of the networks with a novax com-
munity is higher than the others (0.27 vs 0.22, p < 0.05),
indicating that users in no-vax communities tend to have
common information sources. Some countries, such as the
U.S. and Brazil, show an especially high NMI, indicating
that the polarization in the retweet network is reflected in
the different content shared.

Considering the behavior of users in no-vax communi-
ties, we find that they are more likely to retweet, share
URLS, and especially URLSs to YouTube than other users.
Furthermore, the URLSs they post are much more likely to be
from low-credible domains (identified using lists of such do-
mains in 4 languages), compared to those posted in the rest
of the networks. The difference is remarkable: 26.0% of do-
mains shared in no-vax communities come from lists of
known low-credible domains, versus only 2.4% of those
cited by other users (p < 0.001).

Next, we investigate the effects of content moderation by
Twitter on the vaccination debate. We find that the average
proportion of suspended accounts in no-vax communities is
much larger than the rest of users, for each country and pe-
riod considered (average 13.3% vs 1.8%, p < 0.001). A
large portion of suspensions come after the January 2021
U.S. Capitol attack in Washington, D.C.! These findings
suggest that political leaning is often associated with strong
stances taken in the vaccination debate (in line with previ-
ous literature [1, 4]) and that actions taken in the political
domain may greatly impact the quality of the public health
discourse.

Next, we quantify the information spillover across coun-
tries by considering the number of retweets from one coun-
try to another, normalized by the total number of retweets
produced and received in the two countries (Fig 1a). We find
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Fig. 1. Cross-border information flows in the global vac-
cination debate for last period — vaccination rollout. (a)
Normalized number of retweets (excluding diagonal ele-
ments from the plot, colored in grey), (b) Probability of
interaction between users in no-vax communities from one
country to another, with respect to the interactions between
other users from the same pair of countries (see Methods).
Darker red (blue) elements of the matrices represent higher
(lower) tendency of cross-border interactions between users
in no-vax communities with respect to other users (countries
without no-vax communities colored in grey), (c) Proportion
of URLSs that come from Retweeted Country among the low-
credible domains imported by Retweeting Country (coun-
tries importing less than 10 low-credible URLSs are coloured
in grey). Element a;; of each matrix represents information
flow from country j to country 4.

that the cross-border interaction matrices are not symmet-
ric: information generally flows with a preferred direction.
For instance, Spanish-speaking countries retweet English-
speaking ones much more than the opposite. The United
States is central in the global information flow (despite
flows being normalized), being a net exporter of informa-
tion to the rest of the world. Interestingly, from pre-vax pe-
riod, Russia is also a net exporter, especially to South Ameri-
can countries: some of the most used hashtags in pre-vaccine
and vax development periods are #sputnikesesperanza and
#sputnikparaelpueblo.

Next, we quantify the strength of cross-border interac-
tions between users in no-vax communities with respect to
the rest of users (Fig 1b). We find that cross-border in-
teractions between users in no-vax communities are gen-
erally much stronger, sometimes by orders of magnitude,
than interaction from the rest of users, creating a tightly-
knit global no-vax network. In particular, users in no-vax
communities of English-speaking countries, Germany, and
the Netherlands are tightly connected in all periods. Con-
versely, users in no-vax communities from Cuba and Russia
are quite isolated.

Finally, we focus on the misinformation flows across
countries by considering the fractions of low-credible do-
mains imported per country (Fig 1c). As in the previous
case, the matrices show a clear asymmetry. U.S. users act as
global misinformation superspreaders to the rest of the
world: 68% of all low-credible URLs retweeted worldwide
come from U.S. (average over the four periods), a proportion
much higher than the total volume (42%) retweeted from
U.S.. Interestingly, the fraction of low-credible URLs com-
ing from U.S. dropped from 74% in the vax development
period to 55% in the vax rollout. This large decrease can
be directly ascribed to Twitter’s moderation policy: 46% of
cross-border retweets of U.S. users linking to low-credible
websites in the vax development period came from accounts
that have been suspended following the U.S. Capitol attack.
Finally, despite not having a list of low-credible domains
in Russian, Russia is central in exporting misinformation
in the vax rollout period, especially to Latin American
countries. In these countries, the proportion of low-credible
URLSs coming from Russia increased from 1% in vax devel-
opment to 18% in vax rollout periods.

In conclusion, despite the platform’s tweet flagging and
removal policies around COVID-19, it is the bout of ac-
count suspensions around the Washington riots that made
the most impact on the national and international spread of
vaccine-related misinformation, suggesting that the politi-
cal concerns elicit much stronger curbing of the freedom of
speech than the health one. As interaction with vaccine hes-
itant social media content has been related to an increased
delay of vaccination [8], the lack of action in the first three
periods of study may have contributed to the unnecessary
deaths of unvaccinated individuals (estimated to be in hun-
dreds of thousands in the U.S. alone [9]). In ongoing work,
we are developing quantitative tools in order to gauge to
what extent anti-vaccination sentiments expressed on Twit-
ter relate to politicization of the topic by the political actors
within each country.
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