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Abstract

Genital human papilloma virus (HPV) is the most common sexually trans-
mitted virus in the US. Effective HPV vaccines remain controversial and have
poor uptake among many adolescent groups. Social media have potential for
promoting the HPV vaccine, but little is known about the content or senti-
ment of social media discussions regarding the vaccine. The purpose of this
study was to examine message, context, sentiment, and source characteristics
of original HPV- and HPV vaccine-related Twitter posts (tweets) over a
3-month time period. This content mining study used publicly available data
purchased from Twitter. One-thousand tweets were randomly selected from a
sample of 45,260 English language tweets matching our search criteria and
collected from December 2014-January 2015. Tweets were manually coded
according to source, context, message, and sentiment characteristics using a
coding document developed from previous research. Individuals posted just
over half (55%) of tweets, whereas organizations posted 40%. More than half
(57%) of all coded tweets were positive, and less than one-fifth were negative.
Organizations’ tweets were more likely to be positive than individuals’ tweets.
A temporal display of contextual events and tweet spikes demonstrates that
positive tweets can increase during newsworthy events (e.g. FDA approval of
Gardisil 9). The HPV vaccine was most often discussed under a cancer pre-
vention message frame. In contrast with some existing research, discussions
surrounding the HPV vaccine in original Twitter posts are largely positive.
Our study reveals opportunities for adolescent health specialists to provide
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accurate, positive HPV vaccination information via Twitter.
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1. Introduction

Genital human papillomavirus (HPV) is the most common sexually transmitted
virus in the United States. It is estimated that more than 90% of all sexually ac-
tive men and 80% of sexually active women will be infected with at least one type
of HPV [1]. HPV is associated with cervical, vaginal, and vulvar cancers in
women; penile cancer in men; and anal and oropharyngeal cancers in both men
and women [2] [3] [4] [5] [6]. HPV can also cause genital warts and warts in the
throat [7] [8] [9].

In 2014, the Food and Drug Administration (FDA) approved a vaccine that
has the potential to prevent approximately 90% of anal, cervical, vaginal, and
vulvar cancers [10]. The recombinant HPV 9-valent vaccine (Gardasil 9, Merck)
covers 9 HPV types—5 more than Gardasil and 7 more than Cervarix (2 other
FDA-approved HPV vaccines) [10]. Gardasil vaccines are frequently delivered in
3 separate doses over a short period of time. HPV vaccines have the potential to
either reduce or exacerbate disparities in HPV-related diseases, depending on
vaccine uptake which varies based on racial/ethnic group, income, and language
[11].

While Gardasil 9, Gardasil, and Cervarix all have demonstrated positive ef-
fects in reducing multiple types of cancer, the vaccines remain controversial.
Reasons include the fact that the vaccines prevent a virus that is transmitted only
via sexual contact, differentiating it from most other recommended vaccines
[12]. The cervical cancer prevalence and death rate in the US are also both rela-
tively low. Furthermore, some parents believe giving their children this vaccine
implies consent to engage in sexual activity, confers a false sense of protection
from sexually transmitted infections (STIs), and will lead to earlier first sex [12].
There is also a vocal anti-vaccine movement in which individuals believe that
children already have too many vaccinations on the immunization schedule;
vaccines in general are “bad”; HPV vaccines are not safe; and/or long-term side
effects are unknown [12].

Given these controversies, HPV vaccine uptake remains low, especially in key
priority populations. Such health inequities remain a critical adolescent health
concern. For example, in 2014, 56% of 13-year-old and 78% of 17-year-old girls
reported completing the 3-dose vaccine series [13]. However, fewer males—47%
of 13-year-olds and 62% of 17-year-olds—reported series completion [13]. More-

over, important racial disparities exist. Compared to their non-Hispanic White
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peers, non-Hispanic Black females remain less likely to report 3-dose series
completion [13]. Although HPV vaccination coverage among females has in-
creased nationally, HPV coverage lags behind tetanus-diphtheria-acellular pertus-
sis (Tdap) vaccine and meningococcal conjugate coverage [13].

Social media represent a potential vaccine promotion modality, as Blacks,
Hispanics, and adolescents and young adults who are within the indicated age-range
for receiving the HPV vaccine are heavy users of social media [14]. Social media
are interactive Web sites and applications that enable users to create, share,
comment on, and, modify content [15]. One type of social media, the microblog,
consists of the sharing of short pieces of information to the public. One of the
best known microblogs is Twitter, started in 2006. Ten years later, Twitter aver-
ages 310 million (66 million US) monthly active users [16] [17], who post con-
tent in the form of “tweets”, or messages of <140 characters. Twitter is the social
media platform of choice for 18% of teens, beating out Facebook (17%) [18].
Hispanic and Black individuals use Twitter more frequently than their White
peers [19]. These young people represent important priority populations for
HPV vaccine promotion efforts given both the generally inequitable promotion
and uptake within these populations and the critical importance of effectively
disseminating evidence-based information to those who are eligible to receive
the vaccination.

In order to analyze social media posts, several studies have utilized tweets to
examine myriad health issues such as influenza surveillance [20] [21] [22] and
tobacco use [23], as well as to assess dissemination of information on antibiotics
[24] and to examine attitudes toward HPV and the HPV vaccine [25] [26] [27]
[28] [29]. Many of these studies utilized a popular method for analyzing the
content of tweets known as sentiment analysis which entails using machine
learning methods to analyze tweets in terms of the opinions they express, cap-
turing public opinion about a concept or issue [30]. Investigators have theorized
that knowledge gained about HPV and HPV vaccines through sentiment analy-
sis could be harnessed in developing HPV vaccine promotion strategies and
messaging through social media. In an effort examine this potential application,
tweets about influenza vaccinations were mined to assess the sentiments, or opi-
nions, toward vaccinations as well as how those sentiments could be mapped
onto large networks for potential public health outreach [31]. That study found
that while sentiments toward influenza vaccination vary, they are often shared
within a virtual network of like-minded individuals that would make messages
targeting vaccination behaviors difficult to effectively disseminate. Several stu-
dies found similar results when examining the content of tweets that discuss the
HPV vaccine such that sentiments toward the vaccine are frequently shared
within a social community that harbors those same beliefs [26] [32] [33]. These
communities could be reached through several distinct sources such as doctors,
organizations, celebrities, and fellow community members. This further high-

lights a research gap that exists between HPV vaccine information on Twitter
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and adequately disseminating to the audiences that should consume this infor-
mation.

The aim of this study was to examine message, context, and source characte-
ristics related to original Twitter posts regarding the HPV vaccine over a 3-month
time period. Specifically, our aims were to describe the source characteristics of
twitter users (people and organizations) who post original messages on Twitter
about HPV and the HPV vaccine, examine the types of HPV- and HPV vac-
cine-related information shared on Twitter, and assess the general sentiment
toward the HPV vaccine among social media users who tweet about the vaccine.
This study will add to the current literature by reporting sentiments expressed

by organizations as well as by individuals.

2. Materials and Methods

2.1. Data Source

To address our study aims, we purchased social media data from Twitter. Those
data included all tweets matching our search criteria posted in December
2014-February 2015. A total of 47,944 tweets met our criteria: 32,019 tweets
matched the keywords HPV AND vaccine; 17,656 tweets matched the keyword
Gardasil; 564 tweets matched the keyword Cervarix; and 5951 tweets matched
the following criteria: (cervical OR vulvar OR vaginal OR anal OR genital warts)
AND (vaccine). From this sample, we removed all non-English tweets, leaving
45,260 for this study.

2.2. Coding

Despite the growing use of sentiment analysis through machine learning me-
thods, there is evidence that machine learning methods do not always align well
with social science objectives [34]. For this study, investigators opted to use a
qualitative coding methodology whereby we developed a coding document, adapted
from sentiment analysis and other content analysis research (e.g. HPV vaccine
information on YouTube [35] [36] [37], to manually extract information from
this sample of tweets. To pilot test the coding document, we collected data via
the Twitter streaming API between September 11 and November 20, 2014. Using
3 sets of keywords, tweets were searched within a 20-mile radius of each of the 100
largest US cities. We identified 5178 tweets: 3156 matching the keywords HPV and
vaccine; 1190 matching the keyword Gardasil; and 842 matching the keywords
“cervical cancer” and vaccine. Two researchers independently coded 4020 cha-
racteristics in a nonprobability sample of 96 tweets. Inter-rater reliability was
high: 0.97 on 42 original tweets and 0.98 on 54 retweets.

After piloting the coding document, we then randomly selected 1000 original
tweets, from the 45,260 tweets obtained from Twitter, for manual coding and
analysis. Two researchers independently coded all tweets for source and message
characteristics. Coded source characteristics included: whether the Twitter pro-

file represented an individual, celebrity, verified user (indicated by a blue veri-
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fied Twitter badge), and/or organization. Tweets posted by individuals were
coded using information from the user’s profile page indicating whether the in-
dividual self-identified as a parent, child, and/or spiritual/religious person; if
they had a particular political affiliation; and their reported profession (e.g. jour-
nalist, physician). If the tweet was posted by an organization, organization type
was coded using information from the user’s profile (e.g. business, media outlet,
nonprofit, government). Since we pulled data from the poster’s profile, these da-
ta are not considered anonymous. For example, some “personal” information
was recorded, such as poster name (e.g. Kinsey Institute) and affiliation.

All tweets were coded for sentiment using the following categories: “neutral”,

» <« » <« » <«

“negative”, “ambiguous”, “positive”, and “other”. “Neutral” tweets were defined
as those using language indicating neither approval nor disapproval of the vac-
cine. “Negative” tweets used language disapproving of the HPV vaccine, whereas
“positive” tweets used language approving of the vaccine. “Ambiguous” tweets
contained both approving and disapproving language. Tweets coded as “other”
did not fit into any of the other sentiment categories. Message tone was also
coded as to whether tweets contained concerns about civil liberties, that the vac-
cine is a hoax, and that the vaccine is dangerous.

Guided by previous research [35], we coded tweets for specific information
about the HPV vaccine. The following yes/no categories were coded for message
frames, or mention of the vaccine being a: cancer prevention, STI prevention, or
genital wart prevention tool. We also coded for other vaccine-related informa-
tion (e.g. whether the tweet mentioned vaccine eligibility criteria, safety con-
cerns, side effects) and the source that the tweet credited (e.g. Centers for Dis-
ease Control and Prevention [CDC], medical doctor). We coded for whether
tweets gave a firsthand account of an experience with HPV or the vaccine, person
writing about the personal experience was a child or adult, and personal expe-
rience came from a parent/relative of someone who had received or would receive
the HPV vaccine. Finally, we coded messages for other HPV-related information

(e.g. how HPV is transmitted, how to protect against infection, symptoms).

2.3. Analysis

We conducted all analyses using IBM™ SPSS’ Statistics (Release 22.0.0.0). Means
and standard deviations were calculated for continuous variables. Frequencies
and percentages were calculated for all categorical variables. We also conducted
a descriptive temporal analysis of tweets, organized by date of original message
posting and by tweet sentiment/tone. Lastly, a chi-square analysis was conducted
to determine statistical differences between source types (ie. individual versus

organization) on tweet sentiment.

3. Results

3.1. Source Characteristics

Of the 1000 manually coded tweets, just over half (n = 548, 54.8%) were posted
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by individuals, whereas organizations posted 404 tweets (40.4%). The remain-
ing tweets came from profiles that were unclear in terms of representing an
individual or organization. Among the 548 tweets posted by individuals, the
largest identified types were parents (9.5%), journalists (8.2%), and physicians
(7.3%; Table 1). Only one tweet came from a dental professional, and no
tweets from children/teens were identified. Among the 404 tweets from organ-
izations, the largest identified types were health information providers
(43.6%), businesses (37.4%), non-profit/advocacy groups (16.6%), and health-
care organizations (13.4%).

Only 3.6% of all tweets (n=36) were posted by a Twitter-verified user. The
median number of followers at the time of tweet was 433 (M = 2559.43, SD =
12,150.74), ranging from a low of 0 to a high of 179,112 followers for The Kinsey
Institute (http://www.twitter.com/kinseyinstitute). The median number of pro-
files the Twitter users followed at the time of tweet was 413 (M = 3518.19, SD =

Table 1. Source characteristics of tweets regarding the HPV vaccine.

Of tweets posted by an individual (n = 548), the profile mentioned...

n %

Being a parent (e.g. mother or father) 52 9.5

Being a journalist or member of the press 45 8.2
Being a physician (e.g. medical doctor, M.D., D.O., resident) 40 7.3
Religion or spirituality (e.g. scripture, prayer, God) 24 4.4
Being a nurse or allied health worker 18 3.3

Being a health educator 12 2.2

Politics (e.g. political affiliation) 5 0.9

Being an epidemiologist 4 0.7

Being a dentist or dental professional 1 0.2

Being a child (e.g. son or daughter) 0 0.0

Of tweets posted by an organization (n = 404), the profile explicitly mentioned being a...

n %
Health information provider 176 43.6
Business (e.g. company, franchise, store, product, or service) 151 37.4
Non-profit/advocacy group 67 16.6
Healthcare organization 54 13.4
City, state, or federal government 19 4.7
News or media organization 17 4.2
Non-health-related advocacy group 10 2.5
School or school district 8 2.0

a. Source characteristics do not add up to 100% due to information being unavailable on the individual
poster’s Twitter profile; b. Source characteristics exceed 100% because an organization may be included
under multiple categories (e.g. a business and a healthcare organization).
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17279.85), ranging from a low of 0 to a high of 369,846 profiles for The Toronto
Star (https://twitter.com/TorontoStar) a news source that published a high-profile

story on the HPV vaccine, which was later retracted and removed from its web-

site.

3.2. Tweet Sentiment

More than half of tweets (n = 571, 57.1%) were coded as having a positive tone.
Less than one-fifth of tweets were coded as having a negative tone (n = 188,
18.8%), whereas 195 (19.5%) were coded as neutral. Forty-six tweets were coded
as either ambiguous (1.4%) or other tone (3.2%). Table 2 displays examples of
tweets that were coded across the various sentiment categories. Only a small
percentage of tweets contained specific negative content about the vaccine, such
as the vaccine being dangerous or a hoax, or civil liberties concerns (Table 3).
Figure 1 contains a temporal display of tweets, by sentiment/tone, across each
day of the 3-month time period. The figure also contains some important con-
textual events that occurred on or near tweet spikes and demonstrates that there
can be increases in positive tweets during newsworthy events, such as the FDA
approval of Gardisil 9.

Table 2. Examples of tweets coded by sentiment.

Positive

e Receiving The HPV Vaccine Won’t Turn Eighth Graders Into Sluts http://t.co/bfd6Uxu2Xc#Flu#viruses#virus#disease

e Also Breaking: seat belts don’t promote car accidents! “No increase in risky sexual activity w/HPV vaccine”

e @ThrupennyBit And now we know cervical cancer can be prevented by the HPV vaccine. Who wouldn’t want THAT for their kids?
e Dear boys and gals, Get vaccinated for #HPV asap!! #Gardasil

e Well ladies, I just received my second and final Gardasil shot so I am free game. #ComeAndGetSome #CoEds

e  #Parents: You don’t open the door to #sex w/#HPV #vaccine. You close the door to #cancer! http://t.co/4qbs4nhXXQ

Negative

e Gardasil: The decision we will always regret http://t.co/huYPkn5j06

e 12-year-old Girl Dies Hours After She is Injected with HPV Vaccine

e  Warning: Gardasil injuries can have a permanent impact http://t.co/MBiPTnvM3b

e Gardasil: Be One Less to Get This Dangerous Vaccine!: http://t.co/wpoocNPtd9#gardasil Please RT

e Wisconsin Sisters Say HPV Vaccine Caused Ovaries To Stop Producing Eggs

Ambiguous

e Tonight on #ABC2InFocus why parents are still saying no to the HPV vaccine & why docs say getting kids vaccinated should be no-brainer

e Toronto Star claims HPV vaccine unsafe. Science says the Toronto Star is wrong. http://t.co/cmi9gxWBrW via @DrJenGunter

e Poor HPV vaccine getting #ecig-like coverage? Complaints of fear-mongering. Interesting, don’t know who to believe http://t.co/hSJOn2Czvn

Neutral
e Ihave no problem with an ad for the HPV vaccine. 'm just surprised they had #GoldenGlIobes ad time money.
e There’s a new HPV vaccine: Here’s what you need to know

e  @RobynUrback It’s hard to tell what’s worse—the Gardasil story or the way the criticism was handled
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Table 3. Message characteristics and HPV-related content included in tweets regarding the HPV vaccine (n = 1000).

Sentiment-related content. The tweet mentions...

n %
Something about the vaccine being dangerous (e.g. Gardasil kills, poisons, or injures) 51 5.1
Some concern regarding civil liberties (e.g. government wants mandate the vaccine, which threatens citizen freedom) 10 1.0
Something about the vaccine being a hoax 9 0.9

Information about the HPV vaccine: The tweet mentions that the HPV vaccine can prevent...
Cancer 176 17.6
A sexually transmitted infection 66 6.6
Genital warts 4 0.4
Information about the HPV vaccine: The tweet mentions...
Girls and women are approved for the HPV vaccine 48 4.8
Concerns about the long- and short-term safety and/or unknown risks associated with the vaccine 28 2.8
Boys and men are approved for the HPV vaccine 24 2.4
The appropriate age range approved for the vaccine 14 14
Side effects of the vaccine (e.g. soreness at the site of injection) 14 1.4
The cost of the 3-dose vaccine 8 0.8
Current or developing legislation to make the vaccine mandatory for schoolchildren 4 0.4
Issues concerning whether insurance companies will cover the newly approved vaccine 2 0.2
Concerns that the vaccine will cause sexual promiscuity or send a message to young people that sexual activity is acceptable at 0.0
an early age
Source attribution: The tweet cites information from...
A medical doctor 30 3.0
A member of the research community (e.g. researchers, scientists) 20 2.0
The CDC 13 1.3
Another source such as WebMD, Mayo Clinic 10 1.0
A state or local health department 8 0.8
Government officials (e.g. senators, governors, representatives) or from political organizations 7 0.7
The World Health Organization 4 0.4
An HPV vaccine manufacturer (e.g. Merck) 2 0.2
A celebrity 2 0.2
Cancer organizations (e.g. American Cancer Society) 1 0.1
The tweet mentions...

The link between HPV and cervical cancer 76 7.6
Cervical Pap tests, anal Pap tests, or DNA tests can screen for HPV infection 11 1.1
The link between HPV and other types of cancers (e.g. head or neck) 11 1.1
The link between HPV and other types of genital cancers (e.g. vulvar, anal, penile) 8 0.8
The virus is transmitted through sexual contact 4 0.4
HPV often goes undetected or clears up on its own 3 0.3
The link between HPV and throat cancer 2 0.2
Safe sex practices (e.g. condom use or abstinence) to protect against acquiring HPV 2 0.2
Various symptoms associated with the virus including genital warts, dysplasia or abnormal cells, or no symptoms at all 1 0.1
Having multiple sexual partners increases the risk of HPV infection 0 0.0
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Figure 1. Number of tweets by coded sentiment/tone and date of posting.

Tweets posted by organizations were more likely to be positive, compared to those
posted by individuals (X [1, n = 955] = 60.89, p < 0.001). Almost three-quarters
(71.3%) of tweets from organizations were positive, compared with 57% from
individuals. Alternatively, 23% of tweets posted by individuals were negative,

compared with 13% of tweets from organizations.

3.3. Message Characteristics

The largest message frame related to the HPV vaccine as a cancer prevention
tool, as 18% of tweets mentioned that the vaccine can prevent cancer (Table 3).
Very few tweets in this sample included HPV vaccine-related information (e.g.
girls are vaccine-eligible; Table 3). Attributing credit to sources of information
in tweets was very uncommon in this sample, with the most commonly cited
sources in tweets being medical doctors (3.0%; Table 3). Few tweets were deli-
vered from a first person perspective. Of tweets posted by individuals, 23 (4.2%)
included a personal account from individuals who discussed a firsthand expe-
rience with HPV or the vaccine. Only 0.6% originated from the perspective of a
parent/relative of a potential or actual HPV vaccine recipient. Finally, few tweets
included information about HPV, such as its link with cancers and how HPV
can be transmitted (Table 3).

4. Discussion

The discussion surrounding the HPV vaccine in original Twitter posts appears
to be positive, as more than half of tweets examined in our research contained
language approving of the vaccine. These findings differ from some of the exist-
ing research on social media and the vaccine, including across 2 content analyses
of YouTube videos [37] [38], a qualitative study [39] and content analysis [40] of
online news stories, and a content analysis of top search engine results [36]. In
more recent research, Bahk et al [41] found that mainstream media were domi-
nated by positive HPV vaccine sentiment (over a one-year period, the weekly
average was 75.5% positive), but on Twitter the predominant sentiment toward

the HPV vaccine was negative (over a one-year period, the weekly average was
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74.9% negative). The Bahk et al study included retweets in analyses, however,
and it is possible that negative material is retweeted more frequently. In addi-
tion, our study indicates that the quantity, sentiment, and tone of tweets varies
over time and is linked to “newsworthy” events, such as FDA approval for a new
vaccination, research results being disseminated, and political debates.

Although HPV vaccine sentiment seems to vary across time, studies, and
platforms, research indicates that negative sentiments seem to be more influen-
tial, at least regarding HPV vaccine sentiment. In a controlled experiment, for
example, Nan and Madden [42] found that college students exposed to a nega-
tive blog post about the vaccine “perceived the vaccine as less safe, held more
negative attitudes toward the vaccine, and had reduced intentions to receive the
vaccine” compared to those who had no blog exposure. However, those exposed
to the positive blog had no changes in perceptions, intentions, or attitudes re-
garding the vaccine [42]. Twitter-specific data on HPV vaccine sentiment sug-
gest that we could stratify tweets based on social network connectedness to tar-
get large swaths of consumers that share specific sentiments regarding the vac-
cine [28] [43]. Targeted tweets or posts could then be disseminated to those com-
munity members to improve their sentiment regarding HPV vaccination. While
this is one potential approach to effectively disseminating messages regarding
HPV vaccination, there is still a critical need to optimize methods to counteract
tweets providing negative and incorrect information, especially since HPV-related
tweets often occur in quick spikes.

On Twitter, the HPV vaccine is framed largely as a cervical cancer prevention
tool, with less focus on its potential to prevent genital warts or other cancers. In
addition, there were more tweets describing how the HPV vaccine could help
females, potentially making it seem less relevant for males. According to Bigman
et al. [44], participants who learned about HPV vaccine effectiveness believed
more in its effectiveness for preventing cervical cancer and felt more positively
toward the vaccine for cervical cancer prevention. Adolescent medicine special-
ists and public health educators should expand communication regarding the
HPV vaccine’s ability to prevent other types of cancers and warts, which can
occur in males and females.

Very few tweets in this sample included HPV- and HPV vaccine-related in-
formation. Calloway et al [45] and Habel ef al [40] found that US newspaper
coverage and online news stories of the HPV vaccine lacked detailed informa-
tion on HPV, which could contribute to people misunderstanding the complex-
ity of cervical cancer and HPV. While the 140 character limit for tweets con-
stricts the amount of information that can be shared, professionals can share de-
tailed information via Twitter by including links with information about HPV
and the vaccine.

Individuals (most commonly parents, journalists, and/or physicians) shared
most (54.8%) tweets, but few tweets were written in first-person. Organizations
(mostly health information providers, non-profit/advocacy groups, and health-

care organizations) shared about two-fifths of tweets. Additionally, the majority
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of negative sentiments were tweeted by individuals instead of by organizations.
Thus, organizations may be a potential source of information that would reach
more followers outside of social networks that share homogenous beliefs about
the vaccine. Other types of healthcare personnel—nurses, allied health profes-
sionals, health educators, and dental professionals—might consider communi-
cating correct and positive information about the HPV vaccine via Twitter.
These practitioners could also be targeted as recipients of positive messages in

the hopes that they would then disseminate the information to patients.

Study Limitations

This research should be considered within the context of its limitations. First,
this research only examined data generated by Twitter users. Inclusion of data
from other platforms is warranted, especially since the social media platforms of
choice for 28% and 27% of teens are Snapchat and Instagram, respectively [18].
Second, our research did not examine the relations between Twitter users and
their HPV vaccine sentiment. Salathé and Khandelwal [31] found that users with
similar sentiments toward an issue share information more often with each oth-
er than users with dissimilar sentiments. Future research should explore how
HPV vaccine information flows through and across social networks. Such re-
search may guide adolescent health and medicine interventions and facilitate
diffusion of information about the HPV vaccine across networks. Third, since
only 0.4% of tweets contained exact geo-coordinates, we did not analyze these
data from a geospatial perspective. According to Twitter, only 1% - 2% of all
tweets are geo-tagged [46], so this limitation is inherent in most Twitter-based
research studies that do not utilize a location inferencing technique [47] [48].
Fourth, our choice of keywords may have limited the population from which our
sample emerged. For example, we searched for “vaccine” instead of “vax”, a term
that may be more likely used among individuals opposing vaccination. Fifth, we
only examined original tweets, excluding retweeted material. Because of this de-
cision, we may have excluded potentially important information. However,
according to Sysomos, 71% of tweets receive no reaction (compared to 23% of
tweets that get a reply and 6% that get retweeted) [49]. Sixth, our research is
limited to English language tweets and cannot be generalized to non-English
tweets.

Parents, adolescents, and young adults all play a role in deciding whether or
not to receive the HPV vaccine. Dempsey and Zimet [50] found that social me-
dia may influence adolescents’ intentions and decisions regarding vaccinations.
It may be that different approaches to promoting the vaccine are necessary for
different population segments. In addition, sentiment toward the vaccine ap-
pears to be swayed by media and political events, but it is not clear how people
move back and forth from having a positive or negative attitude toward the HPV
vaccine. It is also unclear how Twitter can be used to change that or motivate

parents, adolescents, or young adults to choose to get the vaccine. Future research
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should investigate tweets and Twitter-users to determine how reflective tweets
are of underlying beliefs and knowledge about the HPV vaccine and whether
these behavioral constructs can be changed via Twitter.

While it is clear that some healthcare providers—mainly physicians—disseminate
HPV vaccine information via Twitter, our study reveals an opportunity for a
greater variety of healthcare personnel to provide accurate and positive HPV
vaccination information on this platform. In addition, healthcare providers
should be aware of messages that parents, adolescents, and young adults are re-
ceiving about the vaccine, especially in times of substantial coverage of an HPV
vaccine news topic. Future directions could also target these various healthcare
practitioners to then disseminate positive messages regarding HPV vaccinations
to appropriate recipients. Finally, it is critical that public health professionals
learn more about how to harness the power of social media like Twitter to better
inform the decision making of parents, adolescents, and young adults related to
the HPV vaccine.
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