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ABSTRACT
Influenza vaccines represent a major tool to contain the clinical and epidemiological burden generated by
influenza. However, in spite of their effectiveness, vaccines are victims of prejudices and false myths,
which contribute to the increasing phenomenon of vaccine hesitancy and loss of confidence. Media and,
mainly, new media, and information and communication technologies play a major role in disseminating
health-related information. While, on the one hand, they can be extremely promising in promoting
disease prevention, on the other hand, they can also have a negative impact on population’s health
attitudes and behaviors when delivering information not based on scientific evidences. The “Fluad-case” is
an excellent example of the crucial role of an adequate information campaign. Following the cluster of
deaths allegedly related to the administration of the adjuvanted influenza vaccine “Fluad” during the
2014–2015 influenza campaign, the Italian health authorities and regulatory bodies decided the
withdrawal of two potentially contaminated Fluad batches. This fostered a huge media coverage, with
resulted in negatively impacting on influenza vaccination coverage. Monitoring and tracking the Fluad-
related web searches, we showed that Liguria resulted the Italian region with the highest number of
Fluad-related website searches and that, interestingly, Fluad was searched also in Regions in which this
vaccine was not distributed. A positive moderate correlation between accessing Fluad-related websites
and overall influenza vaccination coverage was found (r D 0.66 ([95%CI 0.29–0.86], p D 0.0026).
Considering subjects �65 years, who are the subjects for which the Fluad vaccination is recommended,
the correlation resulted r D 0.49 ([95%CI 0.03–0.78], p D 0.0397). As such, health authorities and decision-
makers should promote high-quality communication campaigns in order to raise awareness of vaccination
practices.
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Introduction

Influenza, a highly contagious acute viral disease, is one of the
most common human respiratory infections, and can impose a
high burden in terms of morbidity and mortality, mainly
among the elderly and subjects with co-morbidities, as well as
in terms of costs.1-4 Vaccines are one of most effective preven-
tive tools that can be used in order to contain influenza out-
breaks and to reduce or, at least, mitigate its economic and
societal burden. However, controversies and concerns about
vaccine safety and effectiveness as well as a low risk perception
of getting influenza have lead to a significant decrease in the
immunization rates.1-3

The consequences of vaccine hesitancy and refusal are of
great concern. For instance, Phadke et al.5have concluded, in
their review article on recent preventable diseases outbreaks in

the USA, that a substantial proportion of measles cases were
intentionally unvaccinated. The phenomenon of vaccine refusal
was associated with an increased risk for measles among people
who refused vaccines as well as among fully vaccinated individu-
als. Refusal of pertussis vaccine was associated with an increased
risk for pertussis in some populations, as also shown by Feikin
et al.6Glanz and coworkers.7documented high risk in children of
parents who refused pertussis immunization. These findings
stress the need to better understand why some parents and,
more generally speaking, some subjects refuse immunization
practices in order to develop strategies for conveying
the risks and benefits of immunizations to parents more
effectively.8

Nowadays, in the era of the dynamic Web 2.0 and within the
framework of the so-called e-health, the new information and
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communication technologies (ICTs), such as social networks,
are widely available and play a pivotal role in the distribution
and dissemination of health-related information including vac-
cination practices.9Both the quantity and quality of influenza
vaccination related information may negatively/positively affect
immunization programs.10,11

During the influenza season of 2014–2015, in Italy, in the
week from 12th to 18th November 2014, three deaths occurred
shortly after the administration of Fluad, an inactivated triva-
lent influenza vaccine, adjuvanted with an oil-in-water emul-
sion adjuvant (squalene, sodium citrate dihydrate, citric acid
monohydrate, polysorbate 80, sorbitan trioleate, MF59C.1),
manufactured in Italy by Novartis (Novartis Vaccines and
Diagnostics, Inc., NVD), first approved for use in Europe in
1997 and authorized in a number of European Union countries,
including Austria, Belgium, Germany, Denmark, Greece, Spain,
France, Ireland, Luxembourg, Portugal, and Sweden, as well as
in Italy. The first case occurred in a 68-year-old subject who
died of myocardial infarction several hours following vaccina-
tion. The two other cases occurred in 79- and 87-year-old sub-
jects who died of meningo-encephalitis approximately 48 hours
following vaccination. Other deaths followed and were reported
through the National Network of Pharmacovigilance (NNP).
The Italian Medicines Agency (AIFA) decided to suspend the
use of Fluad vaccine immediately following these cases. Both
the AIFA and the Italian Institute of Health (ISS) carried out
investigations concerning this cluster of deaths, in agreement
with the European Medicines Agency (EMA). Even though the
Pharmacovigilance Risk Assessment Committee (PRAC),
EMA, ISS and AIFA concluded that there was no evidence that
Fluad vaccine administration caused deaths in Italy. Based on
the World Health Organization (WHO) causality assessment,
45 of the overall 66 deaths occurred during the 2014–2015
influenza vaccination campaign were unrelated to the vaccina-
tion administration. However, media hypes surrounding the
so-called “Fluad case” have negatively affected the 2014–2015
influenza immunization campaign.12

In 2002, Gunther Eysenbach has coined the term “infodemi-
ology” (a port-manteau of information and epidemiology) to
indicate the new emerging “science of distribution and determi-
nants of information in an electronic medium, specifically the
Internet, or in a population, with the ultimate aim to inform
and improve public health and public policy”.13,14

Eysenbach demonstrated a correlation between flu-related
web searches and real-world epidemiological data, namely flu-
incidence data.15As such, systematically collecting and analyz-
ing health-related demand-based data from the Internet could
be exploited for syndromic surveillance as well as for capturing
the public reaction to an outbreak. Tracking web searches has,
indeed, the potential to predict population-based events rele-
vant for public health purposes, such as outbreaks, but may
also be affected by distortions, misinformation and biases – the
so-called “epidemics of fear”. Health authorities could exploit
ICTs for real-time content analysis of the online posted mate-
rial, promptly responding to public concerns and prejudices.16

In the current study, in which we applied an infodemiologi-
cal approach and we tracked and monitored web searches, we
aimed to assess the impact of the “Fluad case” on the public
awareness in terms of web-related activities. Web-searches in

all Italian regions have been analyzed in that the National
Health System (NHS) has a segmented, composite nature,
being mainly under the control of regional governments, and is
administered by and articulated in local health authorities or
local health unities (LHAs/LHUs). Health policy relies on the
principles of decentralisation and federalism, even though the
so-called essential levels of healthcare (ELHs) are guaranteed
throughout the Italian territory. Influenza vaccination coverage
significantly varies among the Regions: for instance, during the
2014–2015 campaign, the overall coverage rate was 49.0%, with
the minimum decrease (3.3%) in Lombardy and the maximum
decrease (28.0%) in Abruzzo with respect to the previous influ-
enza vaccination campaign.

Results

A detailed timeline of the so-called “Fluad case” is shown in
Table 1, to which the reader is kindly referred. During the
entire influenza vaccination campaign, 66 deaths occurred (35
after the administration of Fluad). Concerning specifically
Fluad, AIFA received 130 safety concerns (rate 4 per 100,000
Fluad doses), with 62.3% of them being severe or extremely
severe.

Concerning the infodemiological analysis, the patchy nature
of the digital interest is represented in Fig. 1. More in details,
Liguria resulted the Italian region with the highest number of
Fluad-related website searches (Table 2). Interestingly, Fluad
was searched also in Regions in which this vaccine was not dis-
tributed (Table 2). Furthermore, the Google Trends (GT)-gen-
erated curves at each regional level cannot be perfectly
superposed with the GT-generated curve at national level: dif-
ferent temporal peaks can, indeed, be noticed (Table 3). GT-
curves seem to differ from Region to Region both in terms of
search volumes and temporal peaks (Table 2 and Table 3), sug-
gesting that the “Fluad effect”may have had peculiar local char-
acteristics. This could be due also to the different socio-
demographic characteristics of Italian regions, in terms of eco-
nomic, digital-behavioral and socio-cultural features (Table 2).
For example, it could be noticed that search volumes in Regions
with low Gross Domestic Product (GDP) values (such as Sicily
or Campania) were low even though Fluad was employed in
these Regions.

Political/juridical initiatives (such as enquiries opened by
judges or decision to suspend the influenza vaccination cam-
paign) could have also had an impact on search volumes.

Furthermore, there seems to be a positive moderate correla-
tion between accessing Fluad-related websites and overall influ-
enza vaccination coverage, yielding a coefficient r D 0.66
([95%CI 0.29–0.86], p D 0.0026) (Fig. 2). Considering subjects
�65 years, who are specifically the subjects for which the Fluad
vaccination is recommended, the correlation resulted low, with
r D 0.49 ([95%CI 0.03–0.78], p D 0.0397) (Fig. 3).

Interestingly, Liguria Region is in two different locations
in Fig. 2 and 3: while there is a high correspondence between
search volume and decrease in overall influenza vaccination
coverage rate (Fig. 2), this does not hold or holds with less
strength when examining coverage rate among subjects
�65 years (Fig. 3), probably indicating an age-dependent effect.
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At a multivariate regression analysis, socio-demographic
variables did not result to have a significant effect on Fluad-
related RSV (population size p D 0.200; GDP per capita
p D 0.751; educational level p D 0.948; Internet penetration
index p D 0.447). Regions in which the recalled Fluad batches
had been redistributed has a higher statistically significant RSV
(64.09 § 6.29 [95%CI 50.75–77.43] versus 42.00 § 7.89 [95%CI

25.28–58.72], p D 0.044). Regions in which alleged Fluad-
related deaths occurred had higher RSV (62.55 § 6.60 [95%CI
48.57–76.53] versus 44.43 § 8.27 [95%CI 26.90–61.95])
even though this was not statistically significant (p D 0.106).
Finally, Regions in which influenza vaccination campaign was
suspended (even if temporarily) reported higher RSV (73.00 §
16.17 [95%CI 38.72–100.00] versus 53.31 § 5.72 [95%CI

Table 1. Timeline of the Fluad-case. Abbreviations: AIFA (Italian Medicines Agency); EMA (European Medicines Agency); FIMMG (Italian Federation of General Practi-
tioners); ISS (Italian Institute of Health); LHU (Local Health Unit); NNP (National Network of Pharmacovigilance); PRAC (Pharmacovigilance Risk Assessment Committee);
WHO (World Health Organization).

DAY EVENT

7th-18th November 2014 A first cluster of 3 deaths allegedly associated with the Fluad vaccine administration occurred on 7th, 12th and 16th November was
reported through the NNP (2 deaths in Sicily – a man of 68 years and a woman of 87 years – and 1 death in Molise – a woman of
79 years)

15th-28th November 2014 A second cluster of 8 deaths possibly linked to the Fluad vaccine administration was reported through the NNP
26th November 2014 Death of a 83-year old woman in Spoleto (Umbria), with several co-morbidities, 24 hours after the immunization
27th November 2014 AIFA decided to suspend two Fluad batches (ID 142701 and ID 143301) on the basis of the precautionary principle

AIFA issued two press releases (number 401 and number 402), commenting on the decision of recalling two Fluad batches and
emphasizing that the withdrawal was on a precautionary basis and vaccines represent an effective tool, being “a unique and
irreplaceable resource”

28th November 2014 AIFA issued three press releases (n. 403, n. 404, and n. 405), commenting on 11 deaths allegedly associated to Fluad vaccination and
emphasizing the urgent need of going on with the influenza vaccination campaign. Lazio Region decided to suspend and recall all
Fluad batches (protocol number 664796/GR/11/02, entitled “Precautionary recall of anti-influenza Fluad vaccine”). Liguria Region
decided to suspend temporarily the entire anti-influenza vaccination campaign

29th November 2014 AIFA issued two press releases (n. 406 and n. 407), listing 12 deaths potentially linked to Fluad administration reported through NNP
30th November 2014 A 83-year old woman with several co-morbidities died apparently some hours after receiving the anti-influenza immunization

NNP listed 13 deaths as potentially related to the Fluad vaccine administration, distributed among 8 different Regions
AIFA issued a press release (n. 407), commenting on the 13 deaths reported through NNP

1st December 2014 ISS released the first safety results, which showed no anomalies
AIFA issued a press release (n. 409), reporting 19 safety concerns regarding 8 Fluad batches and commenting on ISS preliminary safety

results
Italian television and newspaper journalist Bruno Vespa, Professor Dr. Luca Pani, Director General of AIFA, Prof. Dr. Walter Ricciardi of the

ISS, and Dr. Giacomo Milillo Secretary General of the FIMMG were publicly vaccinated in TV, to reinsure public opinion about Fluad
safety

2nd December 2014 20 deaths allegedly associated to Fluad administration reported through NNP and related to 8 Fluad batches
3rd December 2014 EMA released the PRAC conclusion (“PRAC advice”): on the basis of the WHO causality assessment, 45 deaths resulted uncorrelated with

the vaccine administration (the remaining 21 deaths were considered as unclassifiable, because of the dearth of clinical information)
AIFA issued a press release (n. 410), commenting on the PRAC conclusion Professor Dr. Sergio Pecorelli, President of AIFA, stated that it is

of extreme importance to work for rebuilding a sense of confidence and trust towards vaccines
19th December 2014 Questions tabled in Parliament (question Dellai and Binetti n. 2–00770; question Silvia Giordano and Cecconi n. 2–00772)
23rd December 2014 ISS released the final safety results AIFA issued a press release (n. 413), communicating the final safety results carried out by ISS and

stopping the recall and withdrawal of Fluad batches ID 142701 and ID 143301

Figure 1. Heat-map showing the digital interest for Fluad-related online material, as captured by Google Trends, searched during the 2014/2015 influenza vaccination
campaign, showing the patchy nature of the Fluad-related online behavior.
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41.19–65.43]) even though this was not statistically significant
(p D 0.268).

Discussion

Given the segmented nature of the Italian NHS and its imple-
mentation of the health policy, we decided to monitor and track
the Fluad-related web searches both at a national and a regional
level. Exploiting GT, we showed that Liguria resulted the Italian
region with the highest number of Fluad-related website
searches. We could speculate that this digital behavior could
reflect the unprecedented and unique decision of Liguria
Region to suspend the entire influenza vaccination campaign
(even though this decision was heavily criticized and, subse-
quently, the Region decided to resume the vaccination cam-
paign). Furthermore, interestingly, Fluad was searched also in
Regions in which the recalled Fluad vaccine batches had not

been distributed. Intriguingly, a statistically significant correla-
tion between accessing Fluad-related websites and influenza
vaccination coverage was found.

Using an infodemiological approach, our study has addressed
the impact of media and, especially, of ICTs, in communicating
health-related information on vaccination coverage.17,18

According to the National Communication Association,
communication “focuses on how people use messages to gener-
ate meanings within and across various contexts, and is the dis-
cipline that studies all forms, modes, media, and consequences
of communication through humanistic, social scientific, and
aesthetic inquiry”.19

Health communication specifically deals with health-related
issues including their societal resonance and impact, thus
playing a major role in epidemiology and preventive medicine.
For example, Beato and Telfer.20defined communication as an
essential component of health science and illustrated diverse

Table 2. Ranking of Italian regions according to the volumes of Fluad-related web-searches during the study period, as captured by Google Trends (GT). Socio-demo-
graphic information and details have been taken from the Italian National Statistical Institute (ISTAT) and from the European Statistical Institute (EUROSTAT). GT data for
Aosta Valley and Molise are not available, due to insufficient search volumes. Abbreviations: GDP (gross domestic product); RSV (relative search volume).

Region
Population

size

GDP per
capita
(in k€)

Educational evel
(participation of adults
aged 25–64 in education

and training)

Internet
penetration
index (%) RSV (%)

Distribution of the two Fluad
recalled batches (ID 142701

and ID 143301)
Alleged Fluad-
related deaths

Sospension of
Fluad

Liguria 1,591,939 29.0 7.1 55 100 @ @ @
Basilicata 578,391 18.7 6.4 49 92 @ @
Abruzzo 1,333,939 23.1 7.5 52 83 @ @
Umbria 896,742 23.9 7.9 53 81 @
Tuscany 3,750,511 28.9 7.8 58 80 @ @
Marche 1,553,138 25.2 7.4 57 64 @
Calabria 1,980,533 16.2 5.4 44 55 @
Apulia 4,090,266 16.9 5.0 49 53 @ @
Friuli-Venezia Giulia 1,229,363 27.9 7.5 60 52
Sardinia 1,663,859 19.8 7.6 57 50 @
Lazio 5,870,451 31.7 7.4 57 46 @ @ @
Emilia-Romagna 4,446,354 32.5 7.4 59 44 @
Sicily 5,094,937 17.0 4.8 47 42 @ @
Lombardy 9,973,397 35.0 6.6 59 41 @
Campania 5,869,965 16.8 5.7 44 40 @
Piedmont 4,436,798 27.8 6.5 55 29
Veneto 4,926,818 30.0 6.2 60 26 @
Trentino-Alto Adige 1,051,951 36.9 9.7 62 21

Table 3. Main characteristics and peaks of the different Google Trends (GT)-generated curves at regional level, during the time period, as captured by GT. Google-Trends
data for Aosta Valley and Molise are not available, due to insufficient search volumes.

Region 27th November 2014 peak 1st December 2014 peak 3rd December 2014 peak 23rd December 2014 peak

Liguria @ @
Basilicata @
Abruzzo @
Umbria @
Tuscany @
Marche @ @
Calabria @
Apulia @
Friuli-Venezia Giulia @
Sardinia @
Lazio @ @ @
Emilia-Romagna @ @ @ @
Sicily @ @ @
Lombardy @ @
Campania @ @ @
Piedmont @ @
Veneto @ @
Trentino-Alto Adige
Italy (overall) @ @ @ @
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examples in which health communication was found to be
able to protect public health against disastrous and dangerous
events such as Hurricane Katrina, H1N1 influenza pandemics,
and concerns about chemical exposure in imported drywall,
among others. Further, the US Department of Health and
Human Services (HHS) has maintained that during the first
decade of the 21st century, health communication has played a
major role in improving both personal and community health.21

Monitoring and tracking web-searches related to important
public health issues such as vaccination as carried out in the
recent paper by Bragazzi et al.18has shown that most users seek
information about possible vaccine-related side-effects. As
such, ICTs can have a positive influence on parental vaccine-
related knowledge, attitudes, beliefs and vaccination willing-
ness, but can also lead to misinformation and vaccine concerns
and problematization.

Specifically focusing on the so-called “Fluad case”, it received
a wide media coverage in Italy during the influenza season of
2014–2015, after the deaths of three people allegedly related to
the administration of Fluad vaccine. Odone et al.22quantitatively
analyzed the Fluad-related media coverage and showed that
most of reports/news concerning the “Fluad case” were released
and published during the so-called “uncertainty period”, that is

to say the time period between the three deaths and the final
announcements of both the Italian and European regulatory
agencies which disproved any causal relationship between the
Fluad administration and the deaths. On the contrary, these
announcements attracted scarce media coverage.

As stated by Levi and colleagues.23and demonstrated by
Capanna et al.24and by Rosselli and coworkers,25 this biased,
unbalanced media coverage has contributed to further reducing
vaccine confidence in the general population and to decreasing
vaccination coverage, emphasizing once again the importance
of a proper communication on vaccine safety issues. Given the
role of health communication, a collaboration between health
workers and public health communication practitioners should
be considered fundamental in order to prevent the dissemina-
tion of information not based on scientific evidence and to
maintain and ensure an adequate immunization coverage.

Our study based on the Fluad-related web-searches has
quantitatively characterized the impact of the so-called “Fluad
case”, both at a national and regional level, showing a correla-
tion between the amount of web-searches and the decrease in
influenza vaccination coverage rate between 2013/2014 and
2014/2015 vaccination campaigns. This approach of investigat-
ing the web searches taking into account the segmented, com-
posite nature of the Italian NHS undoubtedly represents the
major strength of our research.

However, our study has a number of shortcomings that should
be adequately acknowledged. First of all, GT does not provide
scholars with raw, absolute data, hindering, as such, further math-
ematical/statistical processing and manipulation. Moreover, GT
only captures a particular segment of the population: namely, that
fraction, which uses the new ICTs and, in particular, Google as
search engine (even though Google is the most common and pop-
ular search engine worldwide). On the other hand, the number of
subjects utilizing the new media is increasingly growing, narrow-
ing the so-called “digital divide” or “digital gap”.

Conclusion

Influenza vaccination coverage is still suboptimal despite the
scientific and institutional recommendations and the proven
effectiveness of influenza immunization in mitigating influ-
enza-related co-morbidities and deaths. Our study, showing
the negative impact of the so-called “Fluad case” on vaccine
uptake from a quantitative standpoint, underlines the crucial
role of health communication in delivering correct information,
not based on myths and prejudices but on facts and scientific
evidences. As such health authorities and decision-makers
should promote high-quality communication campaigns in
order to raise awareness of vaccination practices. Furthermore,
being conducted both at a national and regional levels, this
study has practical implications for national/regional decision-
and policy-makers, as well as for healthcare professionals.

Material and methods

Timeline of the so-called “Fluad case”

In order to temporally reconstruct the so-called “Fluad case”,
the following websites were systematically consulted: the site of

Figure 3. Correlation between digital interest for Fluad-related online material and
decrease in influenza vaccination coverage rate between 2013/2014 and 2014/
2015 vaccination campaigns in subjects aged �65 years (data per 100 inhabitants).
Google-Trends data for Aosta Valley and Molise are not available, due to insuffi-
cient search volumes. Underlined in red the Regions in which the recalled Fluad
vaccine batches had not been distributed; underlined in green the Regions in
which no alleged Fluad-related deaths occurred.

Figure 2. Correlation between digital interest for Fluad-related online material and
decrease in influenza vaccination coverage rate between 2013/2014 and 2014/
2015 vaccination campaigns (data per 100 inhabitants). Google-Trends data for
Aosta Valley and Molise are not available, due to insufficient search volumes.
Underlined in red the Regions in which the recalled Fluad vaccine batches had not
been distributed; underlined in green the Regions in which no alleged Fluad-
related deaths occurred.
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AIFA (http://www.agenziafarmaco.gov.it/), the site of ISS
(http://www.iss.it/), the site of EpiCentro (http://www.epicen
tro.iss.it/), the site of the Ministry of Health (http://www.salute.
gov.it/portale/home.html), and the site of EMA (http://www.
ema.europa.eu/ema/).

Big data analysis

A Big Data analysis was carried out, using GT (openly accessi-
ble at https://www.google.it/trends), a tool that enables to track
and monitor web searches performed surfing Google as search
engine. GT has been mined during the 2014/2015 influenza
campaign, searching for Fluad-related content written in Italian
language, using “Fluad” as key-word and exploiting an in-house
script, which facilitated data collection and parsing, as previ-
ously described in details.26-34 It is important to stress that GT-
generated data are relative and not absolute, and raw volume
data are not provided. Further, they are provided already nor-
malized according to the geographic area and to the time win-
dow chosen.

Socio-demographic data

In order to provide more insights on the infodemiological anal-
ysis, socio-demographic data (population size, GDP per capita
and Internet penetration index) were taken from the Italian
“National Statistical Institute” (ISTAT, available at https://
www.istat.it/en/) and from the European Statistical Institute
(EUROSTAT, available at http://ec.europa.eu/eurostat/statis
tics-explained/index.php/Educational_attainment_statistics).

Statistical analysis

Pearson correlation was carried out between digital interest and
real epidemiologic data concerning influenza vaccination cov-
erage rates. The strength of correlation was measured using the
following rule of thumb: negligible correlation with r coefficient
in the range 0.00–0.30, low correlation with r in the range 0.30–
0.50, moderate correlation with r in the range 0.50–0.70, high
correlation with r in the range 0.70–0.90, and very high correla-
tion with r in the range 0.90–1.00.

Concerning influenza vaccination coverage rates, decrease
was computed between influenza vaccination coverage rate
during the 2013/2014 and 2014/2015 vaccination campaigns
(data per 100 inhabitants).

Multivariate regression analyses were carried out in order to
dissect potential determinants of Fluad-related digital behavior.

Statistical analyses were carried out using the commercial
software “Statistical Package for Social Sciences” (SPSS) for
Windows (version 23.0.0, Chicago, IL, USA) and MedCalc Sta-
tistical Software v16.4.3 (MedCalc Software bvba, Ostend,
Belgium).

Figures with p-value <0.05 were considered statistically
significant.
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