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Abstract

Instagram, with more than 1 billion monthly users, is the go-to social media platform to chronicle
one’s life via images, but how are people using the platform to present visual content about

HIV? We analyzed public Instagram posts containing the hashtag “#HIV” (because they are
self-tagged as related to HIV) between January 2017 and July 2018. We described the prevalence
of co-occurring hashtags and explored thematic concepts in the images using automated image
recognition and topic modeling. Twenty-eight percent of all #HIV posts included hashtags focused
on awareness, followed by LGBTQ (24.5%) and living with HIV (17.9%). However, specific
strategies were rarely cited, including testing (10.8%), treatment (10.3%), PrEP (6.2%) and
condoms (4.1%). Image analyses revealed 44.5% of posts included infographics followed by
people (21.3%) thereby humanizing HIV and stigmatized populations and promoting community
mobilization. Novel content such as the handwriting image-theme (3.8%) where posters shared
their HIV test results appeared. We discuss how this visual content aligns with public health
priorities to reduce HIV in the US and the novel, organic messages that public health could help

amplify.

Keywords
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Introduction

Although stigma about HIV has declined in the US [1], HIV infections remain a stigmatized
condition [2]. People living with HIV face not only internalized stigma, but also enacted
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stigma and anticipated stigma, resulting in stereotyping, prejudice, and discrimination
among their social networks, health care providers, and society at large [3]. As a result,
many people feel uncomfortable discussing HIV-related questions with or disclosing their
HIV status to others [4] and turn to online communities to engage in conversations related
to HIV [5] and social support [6]. For example, researchers have used online communities
to share information about HIV prevention and control [7] and developed peer-to-peer
interventions to support people living with HIV who have imperfect antiretroviral (ART)
medication adherence [8], and people living with HIV have leveraged online communities
for informational and emotional support [6, 9, 10]. Moreover, key population groups that
are particularly vulnerable to HIV, including men who have sex with men and adolescents,
are increasingly using social media to form relationships [11], access information about
reproductive and sexual health [10, 11], and build virtual communities of peers for
emotional support [12].

Recent advances in machine learning and natural language processing now allow us to
examine HIV-related conversations on publicly available social media at-scale. For example,
Young et al. built a machine learning classifier that can identify tweets that mention HIV
risk behaviors (sexual activity and substance use associated with HIV infection) with
similar accuracy as manual annotation [13]. These geolocated tweets were found to be
associated with HIV prevalence [14] and predictive of syphilis incidence [15] indicating that
surveillance of social media may complement traditional surveillance of infectious diseases.
Similarly, Ireland et al. found geolocated tweets that contained future oriented language
were associated with lower rates of HIV infection in counties identified as vulnerable
because of the higher prevalence of behaviors associated with increased risk of HIV
infection [16]. Beyond surveillance, Nobles et al. examined a Reddit community focused

on sexually transmitted infections and found that posters seek informational support about
how HIV is transmitted, the risk of HIV infection associated with select behaviors, and HIV
testing window periods [17]. To date the majority of at-scale analyses of HIV-related content
on social media are text-based and primarily oriented to complement traditional surveillance
of health outcomes.

Visual social media platforms, such as Instagram, are accelerating in popularity [18],
especially among young adults. Despite interest in using visual content to communicate
about HIV [19], little is known about how the public already uses images on social media to
communicate about HIV. Given the stigmatized nature of HIV, how do people use Instagram,
a platform in which users cite their primary motivation of usage is to surveil others and
document their life [20], to communicate about HIV?

In this manuscript, we take an important first step in describing how the public is sharing
images that are self-tagged as related to HIV on Instagram. Instagram, described as akin

to a “virtual photo album [20] ”, is an image sharing platform where hashtag(s) serve as
anchoring devices to label the content of Instagram posts and make the content searchable.
We selected Instagram for our study because it is the fastest growing social media platform
with 1 billion monthly users and most young adults in the US are likely to use it (67%

of 18-29 year olds in the US) [18]. Our objectives in this study were to: (1) identify and
describe the hashtags that are commonly associated with images self-tagged as HIV-relevant
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and (2) explore the themes present in the images. We contrast the hashtags and themes
identified in the visual content to the priorities identified by the Ending the HIV Epidemic:
A Plan for America agenda (e.g., Phase Il target is to reduce new HIV infections in the

US by 90% by 2030 [21]) to examine alignment with public health priorities in the US and
opportunities to amplify organic advocacy initiated by the public.

We assembled a dataset of public Instagram posts from January 2017 and July 2018 using
InstaLooter [22], a software that scrapes Instagram for images and associated captions
given a hashtag. Posts with the hashtag “#HIV” were collected to capture posts that posters
self-labeled as related to HIV. The posts were then restricted to those with captions authored
in English, as identified by the automated language identification software Language
Identification tool [23], so that comparisons could be drawn to US public health targets

and the hashtags would be interpretable by the English speaking investigative team.

We then assessed the potential focus of the posts by analyzing hashtags that co-occurred in
the posts with #HIV. First, we identified the most used common hashtags by their frequency
of co-occurrence with #HIV. Second, author AN pruned the 1000 most used hashtags to
retain only HIV-related or HIV at-risk hashtags, reducing the set to 178 hashtags. For
example, non-specific hashtags that were removed included #love, #memes, and #ifunny.
Third, authors AN and JA independently grouped the remaining 178 hashtags into clusters
according to their primary thematic topic based on iterative discussions between the authors,
including: (a) antiretroviral therapy (ART), (b) awareness, (c) condoms, (d) non-specific
prevention, (e) persons living with HIV, (f) pre-exposure prophylaxis (PrEP), (g) testing, or
groups at-risk of HIV, including (h) lesbian, gay, bisexual, transgender, queer or questioning
(LGBTQ). The two authors agreed on 160 out of the 178 (90%) hashtags, and discussed
discordant labels to come to a consensus agreement. We report the frequency of the posts
within each topic.

We then analyzed the visual content of the images in the posts using procedures first
developed by Chen and Dredze [24]. First, we used automated image recognition software
to assign textual tags (e.g., “man”, “woman”, “indoors”, “doctor”, “hospital”) to the content
in the images. The labeling of images relies on a deep convolutional neural network model
with a classification accuracy of 89.3% for the top 5 textual tags of an image [25]. After
each image was assigned a textual tag, we further grouped tags into topics using Latent
Dirichlet Allocation (LDA) to assign topics to each image [26, 27]. The LDA model we
employed is contained in a natural language processing software called MALLET [28].
MALLET is Java-based, so we used the gensim library, which makes the model accessible
using Python [26]. We identified 30 topics present in the images and, although an image can
have multiple topics, we assigned the topic with the largest probability as the predominant
topic of each image, consistent with previous studies [29]. The top 10 textual tags associated
with each topic and five random images associated with each topic were examined by
authors AN, EL, and JA to manually assign a label to each topic. Topics that had similar
labels were further grouped into overarching themes for presentation, resulting in a total of
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10 themes present in the images. Identifying features of images and usernames were omitted
to protect user privacy [30].

The resulting hashtags, hashtag clusters, and image-themes were described descriptively
using frequencies and percentages. This study was deemed exempt review by the University
of California San Diego Human Research Protections Program because it solely used
anonymous publicly available data.

During the study period, we discovered 39,233 Instagram posts containing #HIV with
26,766 of the posts authored in English which were retained for further analysis. Sixty-six
percent of the posts included co-occurring hashtags in addition to #HIV, with the average
post containing 2.39 additional hashtags (median = 1, min = 0, max = 19). The 25 most
frequent co-occurring hashtags included #AIDS, cited in 42.7% of the posts, followed by
#gay (13.9%), #love (10.3%), #hivawareness (8.8%), and #cancer (8.5%) (Table 1). About
half (13) of the top 25 hashtags were primarily related to HIV (e.g.,#hivpositive) or HIV
at-risk groups (e.g., #instagay); the remainder were related to infections beyond HIV (e.g.,
#herpesdating), or the use of common social media jargon (e.g., #memes).

Twenty-eight percent of all #HIV posts included hashtags focused on fostering general
awareness, including #hivawareness, #endthestigma, or #aidsday (Table 2). The second
most frequent cluster of hashtags was for sexual and gender minorities, such as #gay,
#LGBT, or #instagay, and were included in 24.5% of the posts. Additional hashtag clusters
included persons living with HIV (17.9%), testing (10.8%), ART (10.3%), and non-specific
prevention (8.1%). Surprisingly, specific prevention strategies were rarely mentioned. For
example, PrEP, was represented in just 6.2% of the posts, most often with #PrEP, #Truvada,
#PrEPforlove, or #PrEPworks. Condoms were only cited in 4.1% of the posts, including
#condoms or #wrapitup.

Among the themes present in the images, numerous HIV-relevant narratives emerged (Table
3). Infographics were by far the most frequently occurring theme in the images, being the
focus of 44.5% of all #HIV images. These images included embedded text which typically
cited statistics on HIV and encouraged prevention (e.g., encouraging disclosure of status or
usage of PrEP), treatment (e.g., information about the benefits of reducing viral load), or
surveillance (e.g., testing). People were the second-most common image-theme, accounting
for 21.3% of all #HIV images, and included images that focused on persons as the subject
of the photo, such as a selfie with a clinical setting, two men holding hands, or groups

of people at HIV-related events and fundraisers. Many of the images of people presented
persons living with HIV, people who identify as gender minorities, and relationships of
sexual minorities. The theme of people was followed by images containing outdoor (8.9%)
or indoor settings (4.4%), advertising for or sharing of events (e.g., sporting events or black-
tie affairs) (4.4%), pictures of handwriting (3.8%), taking place in educational contexts
(3.6%), being associated with healthcare (3.4%), or containing food (3.1%). Images in

the handwriting theme frequently illustrated HIV testing results, with posters sharing their
status. Images in the healthcare theme frequently presented doctors or a medical setting, or

AIDS Behav. Author manuscript; available in PMC 2023 December 11.
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pictures of ART or PrEP pills. Images in the events theme frequently presented fundraising
campaigns or awareness events.

Discussion

Our analysis indicates that there are thousands of Instagram posts that are publicly

sharing HIV-related visual images that can be potentially viewed by Instagram’s audience.
Understanding the visual content that Instagramers are publicly sharing can inform (1) about
how the public is using images to engage in HIV-related communication, (2) if the existing
visual content aligns with the agenda to reduce HIV infections in the US [31], and (3)
potential novel messages that are already being adopted organically that may be amplified
with assistance by public health professionals.

We find that the public is presenting visual content on Instagram that addresses both clinical
interventions, which have a direct effect on reducing the incidence, morbidity and mortality
of HIV, as well as the social enablers, which are critical to mobilize people to engage

with clinical interventions [27]. About half of all #HIV images were infographics with
information about and promoting clinical interventions (testing, PrEP, and ART) provided
in the embedded text as well as messages related to social enablers (reducing the stigma of
sexual minorities and regular HIV testing). Almost one quarter of all #HIV images primarily
included images of people. These images often focused on de-stigmatization of sexual
minorities as well as persons living with HIV by presenting people in everyday and intimate
contexts, thereby humanizing the person(s) in the image as a unique individual(s) and not
an abstract demographic or disease. Stigma, especially among key populations where new
infections are highly concentrated (men who have sex with men, racial/ethnic minorities,
and those that live in the southern US) is identified as a social challenge inhibiting clinical
interventions [32]. Images of groups of people highlighted people engaged in community
mobilization, which connected people often in the context of educational, outreach, or
interventional activities. Moreover, posters highlighted the needs of vulnerable minority
groups by including hashtags relevant to the LGBTQ community in about 25% of all #HIV
image captions.

Visual content of specific clinical interventions (early detection, usage of ART for viral
suppression, and usage of PrEP for prevention - identified as three of the four strategies
essential to achieving the President’s agenda) are not well represented on Instagram relative
to public health priorities. Just 6% of all posts include hashtags that indicated the poster
was intending to promote PrEP, even though PrEP is a prevention priority among leaders
because of its efficacy in reducing the risk of HIV acquisition [33]. Similarly, less than 1 in
20 of all posts included hashtags focused on condoms, and only 1 in 10 of posts included
hashtags encouraging engagement in ART. However, we observed that some visual content
is promoting specific clinical interventions that can reduce the exposed audience’s risks,
sometimes in surprising ways. For instance, some posters shared their HIV test results to
normalize the experience of getting tested to protect themselves and the community.

Social media offers a valuable opportunity to communicate about HIV and reach key
populations [29, 34]. Public health professionals might adopt the promotion of novel organic
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messages on social media, such as test sharing, using a photovoice method [30] combined
with a hashtag to diffuse the campaign. Photovoice methods are a community-based
participatory research approach, where community stakeholders (in this case, lay persons
that are tested for HIV) combine their own photographs documenting their actions with
grassroots social action, thereby promoting community-based action. The right message on
social media, such as #MeToo that went viral on social media to increase awareness of
sexual violence [31], can quickly spread and have a profound impact on social discourse.
Leaders could create a hashtag such as #MyHIVTest and encourage the public to share their
HIV tests (with personal information removed) or a sticker indicating they were just tested,
much like campaigns to encourage voting. Although sharing test results have been advocated
in some settings, such as among African American church leaders [35], it has not been
promoted online by any coordinated campaign.

Selecting a strategic hashtag for hashtag activism movements is critical [32]. Despite

more than half of the posts (66%) containing an additional two hashtags on average, a
predominant, unique hashtag does not stand out for each hashtag theme. Instead, we found
inconsistency among the usage of various hashtags for each theme. The lack of predominant
hashtag(s) in these clusters may indicate difficulty with the dissemination of a public health
campaign. Future research should focus on the hashtags that are commonly used in target
audiences as well as potential peer health influencers on Instagram that have large target
audiences that can be leveraged to increase the visibility of information that could be
diffused through their network.

Finally, the visual content and hashtags humanize HIV and stigmatized groups, such as the
LGBTQ community, but there is room for improvement. Although transgender women have
the highest HIV prevalence among key populations [36], there was only one hashtag among
the top 1000 that was exclusively dedicated to ‘trans’, and there were few posts involving
gender minorities in general.

First, we limited our analysis to posts authored in English, and therefore limit our
comparisons to public health targets in the US. We acknowledge that content relevant to
other countries and cultural contexts may differ, such as a need to focus on social enablers
in countries with restrictive gender norms. Since geolocation is not readily available, future
studies could focus on methods to extract geolocation from the text of a user’s profile.
Additionally, we do not extend inferences to other social media platforms because the
Instagram community cannot be considered representative of all social media platforms.
Future work could focus on how visual content on Instagram compares to other social media
platforms and other cultural contexts. Second, not everyone uses social media; however,
Instagram’s primary demographics overlaps with the age group of those most at risk for a
new infection in the US [37]. Third, we only used public images, therefore our analysis is
subject to self-selection bias (i.e., those that elect to publicly share their images) and did
not capture visual content that is being broadcast in private networks. Fourth, we did not
consider how contextual factors (e.g., demographics of the poster) may impact the theme
of the visual content, but consideration of intersectionality (e.g., the macroaggressions and
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microaggressions towards racial minorities and persons living with HIV) is critical to fully
understand the willingness of key populations to discuss topics in online communities and
an important area for future work. Fifth, although we observed an encouraging amount

of organic engagement with HIV by the public, we may be potentially undercounting
engagement if a post does not contain #HIV and instead uses other hashtags. Finally,
although some argue that social media data are a misrepresentation of the public, numerous
studies show that social media monitoring can validly infer public health trends [38-44].

Conclusions

In this study, we leverage automated methods (automated image recognition and topic
modeling) to examine visual content on Instagram, which is the fastest growing image
sharing platform, at-scale. We identified that visual content primarily focuses on presenting
infographics about clinical interventions (testing, ART, and PrEP) and presenting images

of people aimed at reducing stigma of sexual minorities and people living with HIV. We
also identified potential messages, such as people sharing their anonymized test results, that
could be amplified with the assistance of a unified campaign to reduce the stigma associated
with being tested for HIV. We identified several areas important to future research (such as
identification of appropriate hashtags for hashtag activism and peer health influencers) to
better understand how visual content can be best leveraged to achieve targets for reduction in
HIV incidence in the US.
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Table 1

25 most common co-occurring hashtags

Hashtag Per centage of posts
aids 42.7
gay 13.9
love 10.3
hivawareness 8.8
cancer ™ 85
std ™ 83
hivpositive 7.9
herpes * 76
health ™ 73
aidsawareness 7.2
knowyourstatus 6.8
Igbt 6.7
instagay 6.2
prep 5.8
memes ™ 5.7
gettested 5.5
positivesingles 5.2
hpv ™ 52
herpesdating * 48
Igbtq 48
herpesdatingsites * 4.4
dank * 41
hivprevention 4.0
hsv 39
ifunny* 38

Note: Each hashtag was labeled for being primarily HIV or HIV at-risk group related, or not, with the latter designated by an *
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