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ABSTRACT

Digital health and technologies are essential to curbing the novel coronavirus 2019 (COVID-19)
pandemic especially with shelter-in-place and social distancing orders. Epidemiologists and pub-
lic health officials are tapping into frequently used technologies like wearables, digital devices,
digital and social media data to detect and validate COVID-19 symptoms throughout the pan-
demic, especially during early stages when symptoms were evolving. In this article, we review
how digital technologies and social media platforms can identify and inform our understanding
of COVID-19 pandemic surveillance and recovery efforts. We analyze Reddit narrative posts and
comments on r/covidlonghaulers to demonstrate how social media can be used to better under-
stand COVID-19 pandemic. Using Reddit data, we highlight long haulers’ patient journeys and
shed light on potential consequences of their condition. We identified 21 themes, of which the
following were significantly associated with valence: COVID-19 Symptoms (r = —0.037), medical
advice (r = —0.030), medical system (r = —0.029), bodily processes (r = —0.020), questions
(r=0.024), physical activity (r=0.033), self-differentials and negations (r=0.040) and supple-
ments (r=0.025). Our brief literature review and analysis of r/covidlonghaulers narrative posts
demonstrate the value of digital technologies and social media platforms as they act as modern
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avenues for public health, safety, and well-being.

Introduction

When the transmission of COVID-19 began to escal-
ate (Wang et al., 2020; Vogels, 2020), many countries
implemented quarantine orders and social distancing
guidelines to slow the spread. Since these orders
encourage individuals to stay at home, there has been
a substantial increase, by as much as 20%, in the use
of online platforms and other digital technologies
(Vogels, 2020). In the United States, a Pew Research
Centre survey of U.S. adults found that over half
(53%) reported that the ‘internet has been essential
for them personally’. The pandemic has caused a
paradigm shift, moving many commercial and social
activities online (Vogels, Perrin, Rainie, & Anderson,
2020). Due to this shift, health care professionals and
researchers are exploring how wearables, digital devi-
ces and digital and social media data can advance our

understanding of the pandemic. Whitelaw et al.
(2020) identified how digital technologies can be
applied to ‘pandemic planning, surveillance, testing,
contact tracing, quarantine, and health care’.
(Whitelaw et al., 2020) Most notably, countries with
flattened COVID-19 incidence curves (e.g. South
Korea, Taiwan, Singapore) and who maintained low
mortality rates, adopted the aforementioned digital
technologies. Fagherazzi et al. (2020) highlight how
social media listening, digital support tools, smart-
phone-based tracking, virtual hospitals, remote patient
monitoring, and chatbots for screening triage are key
mechanisms for a ‘COVID-19 digital health ecosys-
tem’. In this article, we discuss the ways in which
digital health and technologies, including wearable
devices and digital and social media platforms, iden-
tify, inform and support our understanding of
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COVID-19 pandemic surveillance and

efforts.

recovery

Technology’s role in COVID-19 surveillance
and recovery

Identify

Emerging symptoms

During the early stages of the pandemic when the
pathology of the virus was unclear, the U.S. Centres
for Disease Control and Prevention (CDC) symptom
list was evolving each week. The CDC’s Morbidity
and Mortality Weekly Report (MMWR) noted that
fever, cough or shortness of breath are the most com-
mon symptoms, however, COVID-19 patients can
experience a range of symptoms, including gastro-
intestinal symptoms, chills, myalgia, headache and
prolonged fatigue (Burke et al., 2020). The scientific
and digital data communities alike employed online
and social media platforms for supplemental informa-
tion. Digital exhaust, defined as information and/or
consumer data created by using digital platforms or
devices, can be used to identify COVID-19 latent
symptoms and cases to better predict and prevent fur-
ther spread (McNeil, 2020). Twitter released a 100%
COVID-19 stream to enable ‘developers and research-
ers to be able to study the conversation about
COVID-19 in real-time’. (Twitter Developer, 2020)
Researchers found that Twitter users discuss their
symptoms and test results on the platform. Another
group identified 1002 COVID-19 symptoms that used
668 unique expressions across COVID-19 positive
Twitter users (Sarker et al., 2020). Similarly, the
COVID-19 Twitter stream was used to characterize
anxiety, loneliness and positive language trends
throughout the pandemic (Chandra Guntuku et al,
2020). Collectively, this work is leveraged to identify
emerging symptoms but also to better predict and
prevent further spread.

Population trends

Digital health and technologies have the potential to
identify COVID-19 symptoms and cases at the popu-
lation level. For profit companies’ digital tracking
products like Oura rings, Fitbits and Apple Watches
were able to identify some COVID-19 symptoms,
such as fever and heart measurements (Fowler, 2020),
whereas digital thermometers showed a population-
level temperature increase during the early phases of
the pandemic (Fagherazzi et al., 2020). Even one’s
voice has potential to identify latent cases. U.S. uni-
versity, Massachusetts Institute of Technology (MIT)

collected voice and cough samples from over 5000
individuals with and without COVID-19 to identify a
potential footprint and distinct vocal biomarkers
(Laguarta et al., 2020). As shown with Google search
data and influenza hotspots, one’s online searches
may reveal population trends (Li et al., 2020). Chinese
researchers conducted a retrospective analysis of the
search terms, ‘coronavirus’ and ‘pneumonia’ with
China’s published COVID-19 incidence data and sus-
pected cases and found increased searches over one
week ahead of published data. Correlating search
trends with China’s published COVID-19 incidence
data and suspected cases, they found increased
searches roughly 10-14days prior to the published
dataset. They also observed a lag, with a ‘maximum
correlation at 8-12days for laboratory-confirmed
cases and 6-8days for suspected cases’ (Li et al,
2020). Lastly, passively collected data from social
media platforms and cell phone activity have been
used to understand population-level movement trends
(COVID-19 Mobility Data Network, 2020; Sehra
et al., 2020). A recent study used cell phone location
data to better understand movement in the U.S. They
found a direct relationship between counties where
activity declined at workplaces and increased at home
to produce lower COVID-19 infection rates (Sehra
et al., 2020). As we approach the second wave, digital
health technologies will further define how we iden-
tify and understand COVID-19 symptoms and cases.

Inform

Public, opinion, concerns and health habits

Paramount to identifying cases, much work has been
done on capturing public opinion, health habits,
safety measures and digital health literacy.
Researchers are using ubiquitous digital data and
social media platforms to delve into the human
experience, track surges in COVID-19 searches and
related health topics. Previous work explored positive
and negative language markers from six social
media platforms: Twitter, YouTube, Facebook,
PushSquare.com, Archinect.com and LiveScience.com.
47 million COVID-19-related comments were mined
and using a random sample of 1 million selected
comments, they identified 20 positive and 34 negative
language markers. Most prominent negative markers
were death, die, fight, bad, kill and lose, while positive
markers included help, hope, protect, love, support,
good, share, care and stay safe (Oyebode et al., 2020).
This work signals how social media data can be used
to capture the public perspective of the pandemic.



Similarly, others used Reddit, a digital platform where
users can share information and discuss topics
anonymously, to capture public priorities and con-
cerns. Analysing over 90,000 posts, they found tem-
poral trends of COVID-19 related questions like
public health measures, how COVID-19 impacted
daily life and the severity of the pandemic. For
instance, in mid-March 2020, there was an increase of
questions regarding how to ‘safely spend time out-
doors’ pre-dating the CDC’s official guidelines in
early April (Stokes et al., 2020). This work signals
how social media data can be used to capture the
public perspective of the pandemic.

A burgeoning field of study explores how social
media activity is positively correlated with COVID-19
misinformation, such as, the belief that taking vitamin
C prevents COVID-19 infection (Jamieson &
Albarracin, 2020). In addition to misinformation,
social media platforms are used to intervene in pre-
vailing public health safety and political ideologies.
Researchers observed how Twitter bot accounts used
#COVID-19 to promote ideological hashtags typically
associated with the U.Ss alt-right values (Ferrara,
2020). Emerging research in digital health literacy
education is one solution to not only combat misin-
formation but also encourage patients to confidently
navigate the vast world of online health information
(van der Vaart & Drossaert, 2017). Positive correla-
tions have been found between health status and
digital health literacy skills, warranting the need for
literacy tools that are more widely accessible. Conard
(2019) highlights best practices in digital health liter-
acy; they include the need for more personalized tech-
nologies and the incorporation of interactive tools
encouraging an action-oriented experience for con-
sumers. Social media and digital technologies provide
further understanding of public opinion, combat mis-
information, and can be leveraged for real-time and
health literate public health interventions (Sehra
et al., 2020).

Support

Health care access and connectivity

In the era of COVID-19, most health care encounters
and experiences occur online. In the United States,
there was a 154% increase in telehealth visits during
the last week of March 2020, compared with the same
period in 2019 (Koonin et al.,, 2020). Similar trends
are seen globally. Slomski (2020) comments that
within the American healthcare system ‘the COVID-
19 pandemic has created a new-normal health care
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landscape characterized by telemedicine and tempor-
ary out-of-state medical licences for physicians with
geographically dispersed patients’. However, the
‘COVID-19 digital health ecosystem’ is not inclusive
to all types of citizens. A new term, telehealth literacy,
defined as ‘the capacity to understand and have per-
sonal and technical comfort with the receipt of health
care through technology’ underscores how low tele-
health literacy adversely impact older adults (65 years
and older), individuals with low health literacy levels
and limited, infrequent access to the internet, and
subgroups such as individuals with lower socioeco-
nomic status. This rapid shift is leaving behind vul-
nerable populations without such digital resources or
literacy and exacerbating health disparities (Gray
et al., 2020, Krelle et al., 2020). In response, Gray
et al. (2020) outline five strategies: expanding broad-
band access, having accommodations for language, lit-
eracy, and disability, offering telehealth literacy
training, engaging Community Health Workers, and
teaching ‘digital empathy’ and ‘webside manner’ in
medical and health care curriculums. Incorporating
these strategies could address the digital divide and
improve health care access (Gray et al., 2020).

Nevertheless, social media and digital platforms
offer new ways to generate novel insights (Murray
et al., 2020). They enable connectivity and psycho-
logical first aid (Merchant et al., 2011); they are crit-
ical avenues for social connection and support while
simultaneously exchanging health information and
experiences. Social media support groups foster per-
sonal empowerment for individuals experiencing
emotional and medical distress (Barak et al., 2008,
Chung, 2013). Pre-COVID-19, Reddit threads were
used for awareness-raising and support-seeking for
health-related  concerns like  mental health
(Choudhury & De, 2014). During the pandemic,
patients and doctors alike turned to digital and social
media platforms to share their experiences.

Case study: long haulers

An emerging group of COVID-19 survivors with last-
ing and debilitating effects of the infection created an
online grassroots, patient-driven community using the
hashtag, #covidlonghaulers to discuss and share expe-
riences, symptoms, and social support (Mahase,
2020). COVID-19 survivors, also known as long haul-
ers, are described as individuals ‘who have either
recovered from COVID-19 but are still reporting last-
ing effects of the infection or have had the usual
symptoms for far longer than would be expected’
(Mahase, 2020; Taquet et al., 2020). A CDC MMWR
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report found that 35% of COVID-19 survivors had
not returned to their usual state of health when inter-
viewed 2-3 weeks after testing. Young adults, persons
aged 18-34years with no chronic medical conditions,
have higher rates of prolonged symptoms. Moreover,
one in five have yet to return to their usual state of
health (IVY Network Investigators, 2020).

Objective

We aim to explore and characterize how #covi-
dlonghaulers is used on Reddit, a popular digital plat-
form, to explore what long haulers post about and the
language they use. We will measure word and phrase
frequency and language valence to highlight themes.
This study seeks to highlight the voices of long haul-
ers and shed light on the potential consequences of
their condition that might warrant further research.

Methods
Data collection

This study was considered exempt by the University
of Pennsylvania Institutional Review Board as it
involves the analysis of publicly available data. We
collected publicly available Reddit posts and com-
ments (collectively called posts hereafter) from r/covi-
dlonghaulers using the Pushshift and PRAW APIs
(Boe, n.d.; Baumgartner et al, 2020) and grouped
them together for all analyses. All results presented
are shortened and redacted in order to preserve
Reddit user anonymity.

Processing posts

From all posts, we extracted the relative frequency of
single words and phrases (consisting of two or three
words). We
dirichlet allocation (LDA) topics from all posts using
the MALLET implementation (Blei & Ng Mijjbe,
2003). LDA uses an unsupervised dimension reduc-
tion procedure to identify latent topics in large quan-
tities of text. Each topic is represented by a list of
words that tend to cluster together. This list of words
along with the top 20 posts was used to identify latent
topics. The distribution of LDA topics was extracted
from each post. Themes were categorized by inde-
pendent review of research team members. Thematic
coding of the data was carried out through an itera-
tive open coding process.

consecutive generated 25 latent

Measuring valence

Valence of every post was estimated using the
Affective Norms for English Words (ANEW) lexicon
(Bradley & Lang, 1999). The ANEW lexicon draws on
a dictionary of words with pre-assigned meanings and
assigns a positive or negative rating. The model takes
as inputs the counts of the words which we automat-
ically extract from the posts to obtain an estimate of
valence for each message. This lexicon has been
shown to work well on multiple social media plat-
forms (Twitter, Reddit, etc.) for tasks ranging from
sentiment analysis to mental health identification
(Nielsen, 2011; Gaur et al., 2018).

Statistical analysis

Using ordinary least squares regression, we identified
words, phrases and topics significantly associated with
valence and effect size was measured using Pearson’s
r with the DLATK library (Schwartz et al., 2017). We
used Benjamini-Hochberg p-correction and p < 0.05
for indicating meaningful correlations.

Results

Posts were collected for a duration of 2 months from
the beginning of the subreddit on July 24 through
November 10, 2020. A total of 33,519 posts were
obtained from 1762 unique users. We identified 21
distinct sub-themes from r/covidlonghaulers narrative
posts. Statistically significant themes associated with
valence were: COVID-19 Symptoms (r = —0.037),
medical advice (r = —0.030), medical system (r =
—0.029), bodily processes (r = —0.020), questions
(r=0.024), physical activity (r=20.033), self-differen-
tials and negations (r=0.040) and supplements
(r=0.025). Table 1 displays themes, correlation values
with valence, and illustrative narrative posts. Please
note that posts were edited and identifiers were
redacted to preserve anonymity.

We also identified language associated with the
positive and negative valence of posts. Among posi-
tive valence, words in the support thematic area are
most prominent (Figure 1). For example, in the
theme of Support, listed words include hope, good
luck, people, sleep and health. Whereas the most
common negative valence words include sick, pain,
infection, chest_pain; these words were found most in
the Pain theme.

Relative font size represents a stronger correlation
with positive or negative valence and colour repre-
sents the relative frequency of word usage. All words
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Table 1. Statistical insights on differential LDA topics across positive and negative valence posts.

Theme

Top Words

Pearson r (95% Cl)

Illustrative Post(s)

Topics associated with positive valence

Support

Taste and Smell

Sharing Stories

Sleep

Self-Differentials and
Negations

Physical Activity and
Fatigue

Supple-ments

Frustrat-ions

Lifestyle Changes

thanks, hope, good, keep, sharing,
comments, hear, soon, posted, interesting,
i'll, great, sounds

diet, eat/eating, water, sugar, food(s), drink/
drinking, tea, lot, coffee, try, alcohol,
inflammation

we, us, who, work, our, need, care, able,
their, health, can't, doctors, someone, trying,
doesn't

up, when, sleep, heart, down, night, rate,
sleeping, oxygen, while, breath, air, wake,
low, hours

i'm, it's, i've, don't, think, sure, can't, that’s,
haven't, i'll, seem/seems, worse, i'd, around

brain, fog, exercise, fatigue, started, relapse,
walk, helped, physical, walking, hard, slow,
activity, relapses

taking/take, help/helps/helped, nac, started,
try, supplements, magnesium, breathing,
steroids, sleep, vitamin, oil

cfs, covid, post, don't, people, know,
research, evidence, want, advice, disease

work, sick, over, felt, off, hours, went, while,
able, home, myself, working, where

0.218 (0.2, 0.237)***

0.148 (0.128, 0.167)***

0.136 (0.116, 0.155)***

0.082 (0.063, 0.102)***

0.04 (0.021, 0.06)***

0.033 (0.013, 0.052)**

0.025 (0.005, 0.045)*

0.024 (0.005, 0.044)*

0.024 (0.005, 0.044)*

Thank you for your theory. I'll keep that with a
positive mind set.

Sorry that you're going through that. | thought |
was in the clear. Got sick back in March mostly
gastro symptoms, with rapid resting heart beat,
shortness of breath, headache etc. a day or two ago
| started having a lingering headache. Now I'm
feeling the gastro stuff kicking back in. It seems
more mild than in March thankfully. But it's def the
same type of symptoms.

Of course it's not anxiety. You'll get better again,
then relapse, then get better again etc. Don't be
disheartened, look at the big picture - and | bet the
overall trend on the graph is upwards. Also, see if
you can isolate any relapse triggers ... This long
covid thing seems to reward caution and
patience.Good luck!

Search Google for Inflammatory foods.Sugar
(including drinks), Trans or heavily Saturated Fats,
Carbohydrates, Alcohol, packaged Meat, are some of
the nastier things you can feed your body while
under Covid LH. For me Caffeine and Dairy products
are also on the list.

My smell is very distorted. It's also incredibly weak.
All perfume scents and shampoo smell the same
to me.

Wow your story sounds so similar to mine. | also
got sick in March and had pretty much all of the
symptoms you described, and along a similar
timeline. | know exactly what you mean by your
fading out episode. The same thing happened to
me except | actually fainted.

Gasping for air? Hello to those who have been
suffering for a long period of time. | am now 5
months into this s**t and | am very worried about
the gasping of air | get while sleeping ... If anyone
else has gotten this please message me! | am
starting to become suicidal. Thank you!

| worry about my health and getting sleep everyday
and | don't even know if I'm gonna be able to
sleep today cause | feel like I'm struggling to
breathe and feels like something is sitting on my
chest. | also been having other issues which | don't
even wanna mention cause | don't want to hear
about how t might be a serious condition because
no one is asking me seriously. Everyone thinks my
symptoms are due to anxiety even though | know
it's not. I'm so f***ing done

Anti-inflammatory diet and gentle exercise (walking
and pilates) helped me a lot.

B12 may help with exhaustion and brain fog.
Glutamine, bcaa, ashwaganda-66, Adderall, DLPA,
fish oil, B12, daily vitamin, zinc.

NACCBD Sambucus Multivitamin Iron pill Vitamin C
Milk Thistle occasionallyTCM herbs given by a
practitioner

| consistently see people with cfs posting in covid
subs where they have no business being. As
someone with ME/CFS who is also a COVID long
hauler | have every business being in this sub. You
ignore the evidence provided to you then continue
to ask for evidence. You admit to being negatively
biased against a community that has been unfairly
maligned for many years, and insist on refusing to
use the appropriate name for the disease.

Physical therapist assistant here. Start of symptoms
June 12, went back to work after 2.5 weeks of sick
time ... | went on disability due to increased
fatigue and other symptoms. Still not working, at 7
weeks now, not looking like | can go back

anytime soon.

(continued)
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Table 1. Continued.

Theme Top Words

Pearson r (95% Cl)

lllustrative Post(s)

Support Groups people, there, who, many, medical, their,
iliness, those, patients, chronic, cfs, studies,

research, sars, group

Topics associated with negative valence

Long Haulers pain, chest, eyes, pressure, head, throat, eye,

Symptoms sometimes, feels, vision, headaches, legs,
right, left, muscle

COVID-19 Testing test/tested/tests, positive, negative, covid,
sick, antibody, infection, virus, antibodies,

early, march

Time days, weeks, week, months, better, after,
got, felt, day, sick, fatigue, first, month, last
Pain pain, issues, having, reflux, acid, muscle,

thyroid, inflammation, tests, gi, joint

Medical Procedures heart, chest, normal, blood, cardiologist,
breath, test/tests, lung/lungs, issues, mri,
said, shortness

smell, taste, same, lost, never, weird, times,
almost, sense, thought, cold

virus, cells, immune, however, histamine,
cell, certain, syndrome, covid19, treatment,
response

she/her, doctor(s)/doc, told, said, he, care, er,
went, appointment

COVID-19 Symptoms

Peer Medical Support

Medical System

Bodily Processes*™ blood, could, cause, inflammation, clotting,
might, vitamin, type, insulin, look, clots,

high, use, bleeding

Immune System immune, system, dr, cytokines, patients,
video, steroids, il-6, cytokine, phase, drug,

elevated, theory, steroid

Mental Health hair, stress, anxiety, definitely, loss, probably,
new, panic, issue, diagnosis, attacks,

mental, own

0 (-0.02, 0.020)o

—0.246 (-0.264, -0.227)***

—0.182 (-0.201, -0.163)***

—0.177 (-0.196, -0.158)***

—0.165 (-0.184, -0.146)***

—0.062 (-0.082, -0.043)***

—0.037 (-0.057, -0.018)***

—0.03 (-0.049, -0.010)**

—0.029 (-0.048, -0.009)**

—0.02 (-0.039, 0)"

—0.009 (-0.028, 0.011)"

—0.002 (-0.022, 0.018)"

r/covid19stack And join body politic slack to get
more support.

This is a live survey of the top 100 symptoms
experienced by long term sufferers on FB. Shows
what are the common ones and how many unusual
ones there are too.

Just wondering if this pain could be muscle strain
related from coughing, I've seen it mentioned often
enough.

waves of difficulty breathing, light pneumonia
symptoms, fatigue, brain fog, headache, strange
pressure in spots across my forehead, red blotchy
skin, congestion, muscle twitching, clumsiness

| just got tested positive again for antibodies and
the infection was in early March!

Well I'm just over 2 weeks in, and mostly recovered
at this point. For the last few days, the inflated high
blood pressure feeling and related soreness was the
main issue ... | went back to the doctor and my PCR
test was negative.

5 1/2 months of fever (100.5-101.1, varies) every day.
Got sick March 4th.

Im almost 6 months in. Still dealing with POTS, acid
reflux, sinus issues, body aches, headaches, trouble
getting sleep, can barely eat anything without
causing a flare up, the smallest activities exhaust
me and make my heart race, very real dreams/
nightmares.Of all the symptoms, the POTS is the
worst. | could live with everything else. The heart
issues still really suck and can be scary at times.
F***anyone who says this is just anxiety or allergies
| developed ectopic heart beats with dysautonomia.
It feels like my heart flutters, but it's apparently
harmless.

Did you "recover" and feel back to normal or is this
something thats continued.

Like a probiotic? Any specific recommendations for
a product to use?

Anything new from the lung doctor visit?

No lol, she repeated what she saw on my xray and
told me to get a ct scan that | cant afford

The virus messes with insulin production if it attacks
the pancreas. Insulin is a master hormone that
influences the sex hormones. If you have
dysregulation of sex hormones toward high
androgen, you can develop benign ovarian cysts,
which could upstream be the source of bleeding.
Get an ultrasound?

Yes. My doctor is doing lots of testing for
autoimmune disorders. I've had random
autoimmune markers and symptoms, plus a family
history before covid. | think that | was a likely
candidate for the long covid because my immune
system was already wonky.

You're not alone. Also, I've been to five doctors (if
you count one ER doc and one telehealth doc) and
they all seem to think I'm a hypochondriac because
"my tests are fine." Just suffering one day at a time
and hoping it improves someday. | miss not
thinking about breathing (being able to take a full,
deep breath, and not feeling pain when | breathe),
and taking it for granted. Ugh.

Will I return to pre-Covid? I'm worried so much ...
Hey guys, Today is my 14th day since initial
symptoms and | worry to death if | can ever get
back to my pre-covid life. Could anyone please
advise me to see if | can get better?

Pearson r > 0 indicates association with positive valence and Pearson r < 0 indicates association with negative valence. Significance was measured

using paired, two-tailed t-test with Benjamini-Hochberg p-correction.
*p <.05, ¥*p < 0.01, ***p <0.001, "p >=0.05



and phrases in the word clouds are significant,
tested using paired, two-tailed t-test with
Benjamini-Hochberg p-correction (p < 0.05).

Discussion

Data from digital platforms can provide information
about how affected populations are experiencing
symptoms, seeking support and accessing resources,
information that would otherwise be harder to track
in real time. Social media platforms like Reddit and
Twitter present complementary real-time data sources
to bolster identification efforts (Chandra Guntuku
et al., 2020). Our analysis found COVID-19 long
haulers use Reddit to document their patient experi-
ences and concerns. Our analysis highlighted the mul-
tiple areas of long haulers’ daily lives that have
changed, including how they eat, sleep, and move.
We identified 21 themes that encompass the various
topics and priorities that matter most to individuals
still recovering from COVID-19. Our analysis high-
lighted the multiple areas of long haulers’ daily lives
that have changed, including how they eat, sleep and
move. From their early symptom indicators like loss
of smell and body pains (Table 1). This dataset could
be leveraged to inform the long hauler COVID-19
symptom list, similar to Twitter analysis conducted
early in the pandemic. Users also expressed their frus-
trations with testing and the medical system primarily
in Themes of Medical Advice (r = —0.030), medical
system (r = —0.029), bodily processes (r = —0.020)
and questions (r=0.024). In the Medical System
theme, users shared stories about their interactions
with various doctors. Users were looking for shared
experiences, advice and support through this subred-
dit and other online platforms. The themes Peer
Medical Advice and Support Groups included recom-
mendations on symptom management and for other
social media and online support groups like the Body
Politic slack group. Connecting online is especially
important to curb the spread but also to combat lone-
liness and social isolation throughout the pandemic.
Although these themes were not statistically signifi-
cant, it sheds light on the informational and emo-
tional support long haulers are utilizing.

Although not statistically significant, our study
found Mental Health, Support and Sleep themes
(Table 1) to be striking. When discussing one’s men-
tal health status, our analysis found the following
words most often used: ‘stress, anxiety, definitely,
loss, probably, new, panic, issue, diagnosis, attacks,
mental and own’. These select words are a window to
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how long haulers’ mental health may be adversely
impacted. Recently, the Lancet Psychiatry journal
published a groundbreaking study using 69 million
U.S. electronic health records, of which more than
62,000 cases of COVID-19. They created propensity
score matched cohorts of patients with and without a
COVID-19 diagnosis to investigate whether a diagno-
sis of ‘COVID-19 compared with other health events
was associated with increased rates of subsequent psy-
chiatric diagnoses’ (Taquet et al., 2020). They found
that ‘COVID-19 survivors have a significantly higher
rate of psychiatric disorders, dementia, and insomnia
[and] that a previous psychiatric illness is independ-
ently associated with an increased risk of being diag-
nosed with COVID-19’ (Taquet et al., 2020). Our
sample used self-differentials and negations like,
‘can’t, don’t, didn’t, doesn’t, haven’t’. Previous
research found that depressed individuals use more
first-person singular pronouns and more negative
valence language (Guntuku et al., 2019). In addition
to psychiatric conditions, researchers suggest add-
itional research focussing on the long-term adverse
effects of COVID-19 including pulmonary sequelae,
sleep patterns, and neurocognitive and neuropsychi-
atric impairments. Interestingly, our sample did not
discuss stigma and discrimination which are two
themes prevalent in the existing literature among
COVID-19 patients and long haulers (Villa et al,
2020). Long haulers’ mental health is receiving more
attention. Currently, groups are exploring the inci-
dence of depression, anxiety, posttraumatic stress dis-
order (PTSD), and substance use disorder,
cardiovascular, pulmonary, neurological disease
among COVID-19 survivors, signalling additional
attention and funding to assess psychopathology and
monitor changes as they recover (del Rio et al., 2020;
Gennaro et al., 2020).

As the pandemic continues, scientific and medical
advice and evidence is evolving. The World Health
Organization (WHO) coined a new term, infodemic,
defined as, ‘an overabundance of information—some
accurate and some not—that makes it hard for people
to find trustworthy sources and reliable guidance
when they need it’ (Zarocostas, 2020) and cautioned
users about misinformation (Dubey et al., 2020). Our
analysis captures the variety of information found on
the r/covidlonghaulers. It includes academic, peer-
reviewed manuscripts, YouTube videos, Facebook,
and personal blogs. In this digital age, it is challeng-
ing to establish a source’s credibility and validity.
Table 1 demonstrates that many Reddit users pro-
vided their peer’s medical advice such as taking



8 L. SOUTHWICK ET AL.

find rest yoy_are with

“ those
sleeping Sh"Ilfe hear advicei'm
bed' a"‘ h tfamlly thata_€_™ ® "““f554s
ear supplements  please sharing :’:‘_‘g)

thanks it °featkee
m:%';thank?(!?fmﬂ healthsugara.

b eatlng i zlve h%art rgtlf
{ | | LIC K stay,
are y"y

cdrmk too W|Sht0 feel better =y peré

. same if_you

exerc

pcrson

helps | take it you_: fee our
sounds water hupel’ully taste try relapse

S know

Positive Valence

[ <tnef negauveflu

kmf omedpheam pIeW°""‘ prettypgisrvoe‘:s

 first ot

week @ cough .1 caused

quite apr|| "
was fatigue_ vsystem gone
post_covid neck Istilelr‘:;:t
SEVEre neverren , rev days h t -
el ew_da' gl A
«.stomachalone~C eS z=Pailn,

@ feels_like [y 5 along W because

Ion wﬁesc pressure

€ ‘march, ",
head

r again £0_aWay immune system stnII[ ‘[\ noad
SEbS;SJOInt '3,§Eh0W7 |0ng Iung . h‘am >
wdamage fever I n
i ha d d A could_be
hteg(edl mozt%g I"ness

ausing  lungs

getleft smce |ast e

didna

Negative Valence

Figure 1. Language associated with positive and negative valence of Reddit r/covid long haulers posts.

certain vitamins and supplements such as,
‘Glutamine, bcaa, ashwaganda-66, Adderall, DLPA,
fish oil, B12, daily vitamin, zinc and ‘NACCBD
Sambucus Multivitamin Iron pill Vitamin C Milk
Thistle occasionally TCM herbs given by a practi-
tioner’. Little is known about supplements and vita-
mins for COVID-19 patients. The exchange of
medical information and advice on social media and
digital platforms is important for the medical and
public health communities. Nearly one-fifth of U.S.
adults use social media as their primary news outlet,
compared to television, radio and newspaper
(Jurkowitz & Mitchell, 2020). Now more than ever,
researchers and public health officials focus on pro-
tecting medical and scientific value on digital and
social media platforms (Merchant & Asch, 2018). A
large body of research demonstrates medical misinfor-
mation can have direct health consequences as seen
with the anti-vaccination movement (Hussain et al.,
2018). Exploring how and what types of COVID-19
related themes and types of information the general
public and subgroups are discussing in real-time is
essential to advance our understanding and to pro-
actively plan large scale interventions.

The scientific community must be equipped to
properly and appropriately care for such patients.
Within the last six months, two longitudinal studies,
the Post-hospitalization COVID-19 Study (PHOSP-
COVID) in the United Kingdom and the Survivor
Corps study in the United States funded by the Chan
Zuckerberg Initiative are major efforts in this space
(PHOSP-COVID, 2020; RecoveryCorps.org, 2020).
Both aim to better understand the differences between
how individuals recover from COVID-19 infection
and to improve the health outcomes of those with
confirmed or suspected COVID-19. There is much to
be learned from the 2003 severe acute respiratory

syndrome (SARS) outbreak in that SARS outbreak
survivors reported similar prolonged symptoms. A
case—control study found chronic and widespread
musculoskeletal pain, fatigue, depression and disor-
dered sleep among patients with chronic post-SARS
syndrome (Moldofsky & Patcai, 2011). A report pub-
lished New England Journal of Medicine longitudin-
ally followed acute respiratory distress syndrome
survivors for a year and found ‘persistent functional
disability’ extrapulmonary conditions, with muscle
wasting and weakness as the most prominent
(Herridge et al., 2003). In the Support Group theme,
users commonly used ‘sars’ in their dialogue.
Although this theme was not statistically significant it
demonstrates that long hauliers gleaning best practices
from the SARS outbreak. Similarly, nuanced under-
standings of testing, recovery, and stigma can be
learned from the U.S. National HIV/AIDS Strategy
(Holtgrave et al., 2020).

Implications

Merchant and Asch (2018) note how social media
and digital platforms present emerging threats to
effective scientific communication. However, these
same platforms can also offer solutions to: (1) combat
misinformation and (2) increase research attention. In
effort to combat misinformation, several platforms
enacted expert and crowd-sourced solutions. For
example, throughout the COVID-19 pandemic,
Reddit hosts American Medical Association (AMA) to
provide timely and accurate scientific and medical
information. Twitter and Facebook note misinforma-
tion warnings and include a credible website associ-
ated with the misleading content. TikTok added a
‘misleading information’ category in the app where
users can report videos that may violate its



misinformation policies. In addition to posting and
moderating content, digital platforms can be incred-
ible recruitment sites for new studies. Most promin-
ently, the ‘Patient-Led Research for COVID-19’25 is a
patient-created group founded on Slack, a messaging
platform that includes topic-related chat rooms, pri-
vate group messaging, and direct messaging. The
Patient-Led Research for COVID-19 (Patient Led
Research, n.d.) was one of the first reports on long
haulers’ in-depth recovery experience. From their
user-generated social support group, they were able to
collect diverse information on long haulers, such as
respondent demographics, medical background, life-
style variables, symptoms experienced, satisfaction
with care delivery, and if they experienced stigma.
Interestingly, they asked respondents if they shared
their patient journey on social media. They found
that approximately 50% of respondents shared their
COVID-19 experience more publicly on social media,
blogs or other platforms’. (Patient Led Research, n.d.)
This grassroots effort was one of the first studies on
long haulers providing key insights for future work
and spurring academic research collaborations since
their second survey is sponsored by University
College London, UK. If social media and digital plat-
forms are used collaboratively among users and scien-
tists, they can be harnessed for effective scientific
communication and innovative research studies.

Limitations

Limitations of this study include retrospective design,
selection and responder bias. We only identified con-
tent on one subreddit thread and potentially other
threads might yield different themes and sub-themes.
The study sample consists of social media users and
is not representative of the general population. An
estimated 5% of US adults use Reddit, who are
between the ages of 18 and 29 (Stokes et al., 2020), so
our analysis is skewed towards younger individuals.
Due to the nature of the data, we do not have any
demographic information on the users included in
this analysis. A recent study found that U.S. COVID-
19 survivors’ mean age is 49.3 years, more than half
(55.4%) are female, half (51.0%) are White, nearly
one-quarter (23.6%) are Black, and over one-third
(36.6%) reside in the Northeast (Taquet et al., 2020).
We posit our sample is similar in terms of sociode-
mographics. We also only collected posts in the
English language, non-English posts could yield dif-
ferent themes. Additionally, social media posts do not
verify one’s medical status or medical credentials.
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Social media platforms do use proprietary software to
filter inappropriate, invalid or inaccurate medical
diagnoses or other health-related information. Long
haulers may use other subreddits such as r/longcovid
to document their patient journey and concerns.
Despite these limitations, social media platforms pro-
vide an unstructured and accessible venue for patients
to share their experiences and potentially to inform
research efforts and health care delivery.

Conclusion

As the pandemic progresses, more digital and social
media analyses and interventions are needed to inves-
tigate and support COVID-19 patients and survivors
and especially long haulers. As we plan for the second
wave, digital platforms and interventions will be the
primary mode in which individual connect and health
care professionals intervene. We expect more epi-
demiological surveillance efforts that use social media
datasets and machine learning procedures and rapid
case identification and interruption of community
transmission (e.g. sensors and smartphone GPS) to
bolster contact tracing efforts. In an effort to combat
misinformation, social media and digital technologies
can be used to finetune real-time personalized
insights and prioritize information for public commu-
nication (Budd et al.,, 2020). However, to implement
population-level interventions, there are several ethical
questions around efficacy, privacy, and algorithm
transparency (Barnett & Torous, 2019). How do pub-
lic health professionals engage with social media com-
panies? As a community, how can we build clear
guidelines and action-steps to scaffold algorithmic
assessment decision-making? How do we prevent and
protect from unintended misuse, manipulation, and
propagation of misinformation? How might we con-
sider the impact of misclassifications and how derived
mental health indicators can be responsibly integrated
into systems of health care? Discussions around these
issues should include public health professionals,
clinicians, computer scientists, lawyers, ethicists, poli-
cymakers, and social media users from diverse socioe-
conomic and cultural backgrounds. Looking to the
future, there is a need for rigorous scientific studies
to evaluate the role of social media and digital tech-
nologies’ role in long-term public health research and
interventions (Barnett & Torous, 2019; Abroms, 2019;
Torous & Walker, 2019). To curb COVID-19’s spread
and plan for future pandemics, it has become neces-
sary to embrace these platforms as they act as modern
avenues for public health, safety, and well-being.



10 L. SOUTHWICK ET AL.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

References

Abroms, L. C. (2019). Public health in the era of social
media. American Journal of Public Health, 109(S2),
S130-S131. https://doi.org/10.2105/AJPH.2018.304947

Barak, A., Boniel-Nissim, M., & Suler, J. (2008). Fostering
empowerment in online support groups. Computers in
Human Behavior, 24(5), 1867-1883. https://doi.org/10.
1016/j.chb.2008.02.004

Barnett, 1., & Torous, J. (2019). Ethics, transparency, and
public health at the intersection of innovation and face-
book’s suicide prevention efforts. Annals of Internal
Medicine, 170(8), 565-566. https://doi.org/10.7326/M19-
0366

Baumgartner, J., Zannettou, S., Squire, M., Blackburn, J.

(2020). The Pushshift Telegram Dataset. arXiv:
2001.08438 [cs.SI]. http://arxiv.org/abs/2001.08438
Blei, D. M., & Ng Mijjbe, A. Y. (2003). Latent

Dirichlet allocation: Extracting topics from software
engineering data. Journal of Machine Learning Research,
3, 993-1022. https://doi.org/10.1016/B978-0-12-411519-4.
00006-9

Boe, B. n.d. PRAW: The Python Reddit API Wrapper.

Bradley, M. M., & Lang, P. J. (1999). Affective Norms for
English Words (ANEW): Instruction manual and affective
ratings. Technical Report C-1, The Center for Research
in Psychophysiology, University of Florida.

Budd, J., Miller, B. S, Manning, E. M., Lampos, V.,
Zhuang, M., Edelstein, M., Rees, G., Emery, V. C,
Stevens, M. M., Keegan, N., Short, M. J., Pillay, D,
Manley, E., Cox, L. J., Heymann, D., Johnson, A. M., &
McKendry, R. A. (2020). Digital technologies in the pub-
lic-health response to COVID-19. Nature Medicine,
26(8), 1183-1192. https://doi.org/10.1038/s41591-020-
1011-4

Burke, R. M., Killerby, M. E., Newton, S., Ashworth, C. E,,
Berns, A. L., Brennan, S., Bressler, J. M., Bye, E.,
Crawford, R., Harduar Morano, L., Lewis, N. M,
Markus, T. M., Read, J. S., Rissman, T., Taylor, J., Tate,
J. E, & Midgley, C. M, Case Investigation Form
Working Group. (2020). Symptom profiles of a conveni-
ence sample of patients with COVID-19 - United States,
January-April 2020. MMWR Morbidity and Mortality
Weekly Report, 69(28), 904-908. https://doi.org/10.15585/
mmwr.mm6928a2

Chandra Guntuku, S., Sherman, G., & Stokes, D. C,
Agarwal, A. K, Seltzer, E., Merchant, R. M., & Ungar,
L. H. (2020). Tracking mental health and symptom men-
tions on twitter during COVID-19. Journal of General
Internal Medicine, 35, 2798-2800. https://doi.org/10.1007/
$11606-020-05988-8

Choudhury, M. D. & De, S. (2014). Mental health discourse
on Reddit: Self-disclosure, social support, and anonymity.
In Proceedings of the 8th International Conference on
Weblogs and Social Media, ICWSM 2014 (pp. 71-80).
Retrieved September 8, 2020, from https://www.research-
gate.net/publication/287611387_Mental_health_

discourse_on_reddit_Self-disclosure_social_support_and_
anonymity

Chung, J. E. (2013). Social interaction in online support
groups: Preference for online social interaction over oft-
line social interaction. Computers in Human Behavior,
29(4), 1408-1414. https://doi.org/10.1016/j.chb.2013.01.
019

Conard, S. (2019). Best practices in digital health literacy.
International Journal of Cardiology, 292, 277-279. https://
doi.org/10.1016/j.ijcard.2019.05.070

COVID-19 Mobility Data Network. (2020). Facebook Data
for Good Mobility Dashboard. Retrieved September 3,
2020, from  https://visualization.covid19mobility.org/
?date=2020-08-31&dates=2020-05-31_2020-08-31&
region=WORLD

del Rio, C., Collins, L. F., & Malani, P. (2020). Long-term
health consequences of COVID-19. JAMA, 324(17),
1723-1724. https://doi.org/10.1001/jama.2020.19719

Dubey, S., Biswas, P., Ghosh, R., Chatterjee, S., Dubey,
M. J., Chatterjee, S., Lahiri, D., & Lavie, C. J. (2020).
Psychosocial impact of COVID-19. Diabetes ¢» Metabolic
Syndrome, 14(5), 779-788. https://doi.org/10.1016/j.dsx.
2020.05.035

Fagherazzi, G., Goetzinger, C., Rashid, M. A., Aguayo,
G. A, & Huiart, L. (2020). Digital health strategies to
fight COVID-19 worldwide: Challenges, recommenda-
tions, and a call for papers. Journal of Medical Internet
Research, 22(6), e19284. https://doi.org/10.2196/19284

Ferrara, E. (2020). What types of Covid-19 conspiracies are
populated by twitter bots? arXiv:2004.09531 [cs.SI].
https://arxiv.org/abs/2004.09531

Fowler, G. A. (2020, May 28). Wearables like Fitbit and
Oura can detect coronavirus symptoms, new research
shows. The Washington Post. Retrieved September 3,
2020.

Gaur, M., Kursuncu, U., & Alambo, A., Sheth, A,
Daniulaityte, R., Thirunarayan, K., & Pathak, J. (2018).
Let me tell you about your mental health! In Proceedings
of the 27th ACM International Conference on Information
and Knowledge Management (CIKM ’18) (pp. 753-762).
Association for Computing Machinery.

Gennaro, M., Lorenzo, R. D., Conte, C., & Poletti, S.
(2020). Role of inflammatory and clinical predictors.

Gray, D. M., Joseph, J. J., & Olayiwola, J. N. (2020).
Strategies for digital care of vulnerable patients in a
COVID-19 world—Keeping in touch. JAMA Health
Forum, 1(6), €200734. https://doi.org/10.1001/jamahealth-
forum.2020.0734

Guntuku, S. C.,, Schneider, R., Pelullo, A., Young, J., Wong,
V., Ungar, L., Polsky, D., Volpp, K. G., & Merchant, R.
(2019). Studying expressions of loneliness in individuals
using twitter: An observational study. BMJ Open, 9(11),
€030355-8. https://doi.org/10.1136/bmjopen-2019-030355

Herridge, M. S., Cheung, A. M., Tansey, C. M., Matte-
Martyn, A., Diaz-Granados, N., Al-Saidi, F., Cooper,
A. B, Guest, C. B,, Mazer, C. D., Mehta, S., Stewart,
T. E.,, Barr, A, Cook, D., & Slutsky, A. S, Canadian
Critical Care Trials Group (2003). One-year outcomes in
survivors of the acute respiratory distress syndrome. New
England Journal of Medicine, 348(8), 683-693. https://doi.
org/10.1056/NEJMo0a022450


https://doi.org/10.2105/AJPH.2018.304947
https://doi.org/10.1016/j.chb.2008.02.004
https://doi.org/10.1016/j.chb.2008.02.004
https://doi.org/10.7326/M19-0366
https://doi.org/10.7326/M19-0366
http://arxiv.org/abs/2001.08438
https://doi.org/10.1016/B978-0-12-411519-4.00006-9
https://doi.org/10.1016/B978-0-12-411519-4.00006-9
https://doi.org/10.1038/s41591-020-1011-4
https://doi.org/10.1038/s41591-020-1011-4
https://doi.org/10.15585/mmwr.mm6928a2
https://doi.org/10.15585/mmwr.mm6928a2
https://doi.org/10.1007/s11606-020-05988-8
https://doi.org/10.1007/s11606-020-05988-8
https://www.researchgate.net/publication/287611387_Mental_health_discourse_on_reddit_Self-disclosure_social_support_and_anonymity
https://www.researchgate.net/publication/287611387_Mental_health_discourse_on_reddit_Self-disclosure_social_support_and_anonymity
https://www.researchgate.net/publication/287611387_Mental_health_discourse_on_reddit_Self-disclosure_social_support_and_anonymity
https://www.researchgate.net/publication/287611387_Mental_health_discourse_on_reddit_Self-disclosure_social_support_and_anonymity
https://doi.org/10.1016/j.chb.2013.01.019
https://doi.org/10.1016/j.chb.2013.01.019
https://doi.org/10.1016/j.ijcard.2019.05.070
https://doi.org/10.1016/j.ijcard.2019.05.070
https://visualization.covid19mobility.org/?date=2020-08-31&dates=2020-05-31_2020-08-31&region=WORLD
https://visualization.covid19mobility.org/?date=2020-08-31&dates=2020-05-31_2020-08-31&region=WORLD
https://visualization.covid19mobility.org/?date=2020-08-31&dates=2020-05-31_2020-08-31&region=WORLD
https://doi.org/10.1001/jama.2020.19719
https://doi.org/10.1016/j.dsx.2020.05.035
https://doi.org/10.1016/j.dsx.2020.05.035
https://doi.org/10.2196/19284
https://arxiv.org/abs/2004.09531
https://doi.org/10.1001/jamahealthforum.2020.0734
https://doi.org/10.1001/jamahealthforum.2020.0734
https://doi.org/10.1136/bmjopen-2019-030355
https://doi.org/10.1056/NEJMoa022450
https://doi.org/10.1056/NEJMoa022450

Holtgrave, D. R., Valdiserri, R. O., Kalichman, S. C., del
Rio, C., & Thompson, M. (2020). Core elements of a
national COVID-19 strategy: Lessons learned from the
US National HIV/AIDS Strategy. AIDS and Behavior,
24(12), 3279-3282. https://doi.org/10.1007/s10461-020-
03045-3

Hussain, A., Ali, S., Ahmed, M., & Hussain, S. (2018). The
anti-vaccination movement: A regression in modern
medicine. Cureus, 10(7), €2919. https://doi.org/10.7759/
cureus.2919

Jamieson, H., & Albarracin, K. (2020). The relation between
media consumption and misinformation at the outset of
the SARS-CoV-2 pandemic in the US. HKS
Misinformation — Review.  https://doi.org/10.37016/mr-
2020-012

Jurkowitz, M., & Mitchell, A. (2020, March 25). Americans
who get news mostly through social media are least likely
to follow coronavirus coverage. Pew Research Center.
Retrieved April 28, 2020, from https://www.journalism.
0rg/2020/03/25/americans-who-primarily-get-news-
through-social-media-are-least-likely-to-follow-covid-19-
coverage-most-likely-to-report-seeing-made-up-news

Koonin, L. M., Hoots, B., Tsang, C. A., Leroy, Z., Farris, K.,
Jolly, B., Antall, P., McCabe, B., Zelis, C. B. R, Tong, I,
& Harris, A. M. (2020). Trends in the use of telehealth
during the emergence of the COVID-19 pandemic -
United States, January-March 2020. Morbidity and
Mortality Weekly Report, 69(43), 1595-1599. https://doi.
org/10.15585/mmwr.mm6943a3

Krelle, H., Dodson, J. A., & Horwitz, L. (2020). Virtual pri-
mary care—Is its expansion due to COVID-19 all upside?
JAMA Health Forum, 1(7), €200900. https://doi.org/10.
1001/jamahealthforum.2020.0900

Laguarta, J., Hueto, F., & Subirana, B. (2020). COVID-19
artificial intelligence diagnosis using only cough record-
ings. IEEE Open Journal of Engineering in Medicine and
Biology. https://doi.org/10.1109/0jemb.2020.3026928

Li, C., Chen, L. J., Chen, X., Zhang, M., Pang, C. P, &
Chen, H. (2020). Retrospective analysis of the possibility
of predicting the COVID-19 outbreak from Internet
searches and social media data, China, 2020.
Eurosurveillance, 25(10), 2000199. https://doi.org/10.
2807/1560-7917.ES.2020.25.10.2000199

Mahase, E. (2020). Covid-19: What do we know about
“long covid”? BM]J, 370, m2815. https://doi.org/10.1136/
bmj.m2815

McNeil, D. G., Jr. (2020, March 18). Can smart thermome-
ters track the spread of the coronavirus? The New York
Times. Retrieved September 3, 2020, from https://www.
nytimes.com/2020/03/18/health/coronavirus-fever-ther-
mometers.html

Merchant, R. M., & Asch, D. A. (2018). Protecting the value
of medical science in the age of social media and “Fake
News". JAMA, 320(23), 2415-2416. https://doi.org/10.
1001/jama.2018.18416

Merchant, R. M., Elmer, S., & Lurie, N. (2011). Integrating
social media into emergency-preparedness efforts. New
England Journal of Medicine, 365(4), 289-291. https://doi.
org/10.1056/NEJMp1103591

Moldofsky, H., & Patcai, J. (2011). Chronic widespread
musculoskeletal pain, fatigue, depression and disordered
sleep in chronic post-SARS syndrome; a case-controlled

INTERNATIONAL REVIEW OF PSYCHIATRY 1

study. BMC Neurology, 11, 37. https://doi.org/10.1186/
1471-2377-11-37

Murray, C. J. L., Alamro, N. M. S., Hwang, H., & Lee, U.
(2020). Digital public health and COVID-19. The Lancet
Public Health, 5(9), e469-e470. https://doi.org/10.1016/
S2468-2667(20)30187-0

Nielsen, F. F. (2011). A new ANEW: Evaluation of a word
list for sentiment analysis in microblogs. arXiv:1103.2903
[cs.IR]. http://www.imm.dtu.dk/~fn/

Oyebode, O., Ndulue, C., Mulchandani, D., Suruliraj, B,
Adib, A., Orji, F. A, Milios, E.,, Matwin, S., Orji, R.
(2020). COVID-19 pandemic: Identifying key issues
using social media and natural language processing.
arXiv:2008.10022 [cs.CL].

Patient Led Research. n.d. Patient Led Research - for
COVID-19. Retrieved September 3, 2020, from https://
patientresearchcovid19.com/

PHOSP-COVID. (2020). Home. Retrieved September 8,
2020, from https://www.phosp.org/

RecoveryCorps.org. (2020). RecoveryCorps.org—Survivor
Corps. Retrieved September 8, 2020, from https://www.
survivorcorps.com/recoverycorps

Sarker, A., Lakamana, S., Hogg-Bremer, W., Xie, A., Al-
Garadi, M. A, & Yang, Y. C. (2020). Self-reported
COVID-19 symptoms on Twitter: An analysis and a
research resource. Journal of the American Medical
Informatics Association: Jamia, 27(8), 1310-1315. https://
doi.org/10.1093/jamia/ocaal 16

Schwartz, H. A., Giorgi, S., Sap, M., Crutchley, P,
Eichstaedt, J. C., & Ungar, L. (2017). Dlatk: Differential
language analysis toolkit. Proceedings of the 2017
Conference on Empirical Methods in Natural Language
Processing: System Demonstration, EMNLP 2017, 55-60.

Sehra, S. T., George, M., Wiebe, D. J., Fundin, S., & Baker,
J. E. (2020). Cell phone activity in categories of places
and associations with growth in cases of COVID-19 in
the US. JAMA Internal Medicine. https://doi.org/10.1001/
jamainternmed.2020.4288

Slomski, A. (2020). Telehealth success spurs a call for

greater post-COVID-19 license portability. JAMA,
324(11), 1021-1022. https://doi.org/10.1001/jama.2020.
9142

Stokes, D. C., Andy, A., Guntuku, S. C.,, Ungar, L. H,, &
Merchant, R. M. (2020). Public priorities and concerns
regarding COVID-19 in an online discussion forum:
Longitudinal topic modeling. Journal of General Internal
Medicine, 35(7), 2244-2247. https://doi.org/10.1007/
$11606-020-05889-w

Taquet, M., Luciano, S., Geddes, J. R., & Harrison, P. J.
(2020). Bidirectional associations between COVID-19
and psychiatric disorder: Retrospective cohort studies of
62354 COVID-19 cases in the USA. The Lancet
Psychiatry. https://doi.org/10.1016/S2215-0366(20)30462-
4

Tenforde, M. W., Kim, S. S., Lindsell, C. J., Billig Rose, E.,
Shapiro, N. I, Files, D. C., Gibbs, K. W., Erickson, H. L.,
Steingrub, J. S., Smithline, H. A., Gong, M. N., Aboodi,
M. S., Exline, M. C., Henning, D. J., Wilson, J. G., Khan,
A., Qadir, N,, Brown, S. M., Peltan, I. D., ... Feldstein,
L. R, IVY Network Investigators (2020). Symptom dur-
ation and risk factors for delayed return to usual health
among outpatients with COVID-19 in a multistate health


https://doi.org/10.1007/s10461-020-03045-3
https://doi.org/10.1007/s10461-020-03045-3
https://doi.org/10.7759/cureus.2919
https://doi.org/10.7759/cureus.2919
https://doi.org/10.37016/mr-2020-012
https://doi.org/10.37016/mr-2020-012
https://www.journalism.org/2020/03/25/americans-who-primarily-get-news-through-social-media-are-least-likely-to-follow-covid-19-coverage-most-likely-to-report-seeing-made-up-news
https://www.journalism.org/2020/03/25/americans-who-primarily-get-news-through-social-media-are-least-likely-to-follow-covid-19-coverage-most-likely-to-report-seeing-made-up-news
https://www.journalism.org/2020/03/25/americans-who-primarily-get-news-through-social-media-are-least-likely-to-follow-covid-19-coverage-most-likely-to-report-seeing-made-up-news
https://www.journalism.org/2020/03/25/americans-who-primarily-get-news-through-social-media-are-least-likely-to-follow-covid-19-coverage-most-likely-to-report-seeing-made-up-news
https://doi.org/10.15585/mmwr.mm6943a3
https://doi.org/10.15585/mmwr.mm6943a3
https://doi.org/10.1001/jamahealthforum.2020.0900
https://doi.org/10.1001/jamahealthforum.2020.0900
https://doi.org/10.1109/ojemb.2020.3026928
https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000199
https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000199
https://doi.org/10.1136/bmj.m2815
https://doi.org/10.1136/bmj.m2815
https://www.nytimes.com/2020/03/18/health/coronavirus-fever-thermometers.html
https://www.nytimes.com/2020/03/18/health/coronavirus-fever-thermometers.html
https://www.nytimes.com/2020/03/18/health/coronavirus-fever-thermometers.html
https://doi.org/10.1001/jama.2018.18416
https://doi.org/10.1001/jama.2018.18416
https://doi.org/10.1056/NEJMp1103591
https://doi.org/10.1056/NEJMp1103591
https://doi.org/10.1186/1471-2377-11-37
https://doi.org/10.1186/1471-2377-11-37
https://doi.org/10.1016/S2468-2667(20)30187-0
https://doi.org/10.1016/S2468-2667(20)30187-0
http://www.imm.dtu.dk/<fn/
https://patientresearchcovid19.com/
https://patientresearchcovid19.com/
https://www.phosp.org/
https://www.survivorcorps.com/recoverycorps
https://www.survivorcorps.com/recoverycorps
https://doi.org/10.1093/jamia/ocaa116
https://doi.org/10.1093/jamia/ocaa116
https://doi.org/10.1001/jamainternmed.2020.4288
https://doi.org/10.1001/jamainternmed.2020.4288
https://doi.org/10.1001/jama.2020.9142
https://doi.org/10.1001/jama.2020.9142
https://doi.org/10.1007/s11606-020-05889-w
https://doi.org/10.1007/s11606-020-05889-w
https://doi.org/10.1016/S2215-0366(20)30462-4
https://doi.org/10.1016/S2215-0366(20)30462-4

12 L. SOUTHWICK ET AL.

care systems network — United States, March-June 2020.
Morbidity and Mortality Weekly Report, 69(30), 993-998.
https://doi.org/10.15585/mmwr.mm6930e1l

Torous, J., & Walker, R. (2019). Leveraging digital health
and machine learning toward reducing suicide - From
panacea to practical tool. JAMA Psychiatry, 76(10), 999.
https://doi.org/10.1001/jamapsychiatry.2019.1231

Twitter Developer. (2020). Overview - Docs. Retrieved
October 15, 2020, from https://developer.twitter.com/en/
docs/labs/covid19-stream/overview

van der Vaart, R., & Drossaert, C. (2017). Development of
the digital health literacy instrument: Measuring a broad
spectrum of health 1.0 and health 2.0 skills. Journal of
Medical Internet Research, 19(1), e27. https://doi.org/10.
2196/jmir.6709

Villa, S., Jaramillo, E., Mangioni, D., Bandera, A., Gori, A.,
& Raviglione, M. C. (2020). Stigma at the time of the

COVID-19 pandemic. Clinical ~Microbiology — and
Infection, 26(11), 1450-1452. https://doi.org/10.1016/j.
cmi.2020.08.001

Vogels, E. A. (2020, April 30). What Americans are doing
online during COVID-19. Pew Research Center.
Retrieved ~ September 8, 2020, from https://www.

pewresearch.org/fact-tank/2020/04/30/from-virtual-par-
ties-to-ordering-food-how-americans-are-using-the-inter-
net-during-covid-19/

Vogels, E. A, Perrin, A., Rainie, L., & Anderson, M. (2020,
April 30). 53% of Americans say internet has been essen-
tial during COVID-19 outbreak. Pew Research Center.
Retrieved October 15, 2020, from https://www.pewre-
search.org/internet/2020/04/30/53-of-americans-say-the-
internet-has-been-essential-during-the-covid-19-outbreak/

Wang, L., Wang, Y., Ye, D.,, & Liu, Q. (2020). Review of
the 2019 novel coronavirus (SARS-CoV-2) based on cur-
rent evidence. International Journal of Antimicrobial
Agents, 55(6), 105948. https://doi.org/10.1016/j.jjantimi-
cag.2020.105948

Whitelaw, S., Mamas, M. A., Topol, E., & Van Spall,
H. G. C. (2020). Applications of digital technology in
COVID-19 pandemic planning and response. The Lancet
Digital Health, 2(8), e435-e440. https://doi.org/10.1016/
$2589-7500(20)30142-4

Zarocostas, J. (2020). How to fight an infodemic. The
Lancet, 395(10225), 676. https://doi.org/10.1016/S0140-
6736(20)30461-X


https://doi.org/10.15585/mmwr.mm6930e1
https://doi.org/10.1001/jamapsychiatry.2019.1231
https://developer.twitter.com/en/docs/labs/covid19-stream/overview
https://developer.twitter.com/en/docs/labs/covid19-stream/overview
https://doi.org/10.2196/jmir.6709
https://doi.org/10.2196/jmir.6709
https://doi.org/10.1016/j.cmi.2020.08.001
https://doi.org/10.1016/j.cmi.2020.08.001
https://www.pewresearch.org/fact-tank/2020/04/30/from-virtual-parties-to-ordering-food-how-americans-are-using-the-internet-during-covid-19/
https://www.pewresearch.org/fact-tank/2020/04/30/from-virtual-parties-to-ordering-food-how-americans-are-using-the-internet-during-covid-19/
https://www.pewresearch.org/fact-tank/2020/04/30/from-virtual-parties-to-ordering-food-how-americans-are-using-the-internet-during-covid-19/
https://www.pewresearch.org/fact-tank/2020/04/30/from-virtual-parties-to-ordering-food-how-americans-are-using-the-internet-during-covid-19/
https://www.pewresearch.org/internet/2020/04/30/53-of-americans-say-the-internet-has-been-essential-during-the-covid-19-outbreak/
https://www.pewresearch.org/internet/2020/04/30/53-of-americans-say-the-internet-has-been-essential-during-the-covid-19-outbreak/
https://www.pewresearch.org/internet/2020/04/30/53-of-americans-say-the-internet-has-been-essential-during-the-covid-19-outbreak/
https://doi.org/10.1016/j.ijantimicag.2020.105948
https://doi.org/10.1016/j.ijantimicag.2020.105948
https://doi.org/10.1016/S2589-7500(20)30142-4
https://doi.org/10.1016/S2589-7500(20)30142-4
https://doi.org/10.1016/S0140-6736(20)30461-X
https://doi.org/10.1016/S0140-6736(20)30461-X

	Abstract
	Introduction
	Technology’s role in COVID-19 surveillance and recovery
	Identify
	Emerging symptoms
	Population trends

	Inform
	Public, opinion, concerns and health habits

	Support
	Health care access and connectivity
	Case study: long haulers


	Objective
	Methods
	Data collection
	Processing posts
	Measuring valence
	Statistical analysis

	Results
	Discussion
	Implications
	Limitations

	Conclusion
	Disclosure statement
	References


