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ABSTRACT

Our objective was to mine Reddit to discover long-COVID symptoms self-reported by users, compare symptom
distributions across studies, and create a symptom lexicon. We retrieved posts from the /r/covidlonghaulers
subreddit and extracted symptoms via approximate matching using an expanded meta-lexicon. We mapped
the extracted symptoms to standard concept IDs, compared their distributions with those reported in recent lit-
erature and analyzed their distributions over time. From 42995 posts by 4249 users, we identified 1744 users
who expressed at least 1 symptom. The most frequently reported long-COVID symptoms were mental health-
related symptoms (55.2%), fatigue (51.2%), general ache/pain (48.4%), brain fog/confusion (32.8%), and dyspnea
(28.9%) among users reporting at least 1 symptom. Comparison with recent literature revealed a large variance
in reported symptoms across studies. Temporal analysis showed several persistent symptoms up to 15 months
after infection. The spectrum of symptoms identified from Reddit may provide early insights about long-COVID.
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LAY SUMMARY

Many people continue to experience debilitating symptoms long after recovering from their initial COVID-19 infection. This
syndrome is commonly referred to as “long-COVID” and the sufferers are called “COVID long haulers.” The phrase long-
COVID was coined by long haulers, who organized online after continuing to experience persistent long-term symptoms,
and raised awareness until healthcare professionals acknowledged its existence. With many unknowns associated with this
syndrome, social media is a potentially valuable resource to better understand it as many people discuss their long-COVID
experiences on it. In this article, we applied natural language processing to study symptoms associated with long-COVID
that are reported by users on the r/covidlonghaulers subreddit of Reddit. We found that the most commonly reported long-
COVID symptoms are mental health-related symptoms, fatigue, general/body ache and pain, confusion/disorientation/brain
fog, and dyspnea (shortness of breath). An analysis of symptom distribution over time showed that some patients continue
to experience symptoms up to 15 months following their initial diagnosis, with symptoms such as fatigue being more per-
sistent than others. We conclude that surveillance of social media data may help the medical community to better under-
stand long-COVID from the perspective of patients and enable them to improve medical care.
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INTRODUCTION

The persistence of symptoms 28 days after the diagnosis of SARS-
CoV-2 (COVID-19) virus infection is referred to as “post-acute
COVID syndrome,” “post-acute sequelae of SARS-CoV-2,” or
“long-COVID.”'® A growing body of research is exploring long-
COVID and the constellation of symptoms that patients experience
following acute COVID-19 infection.>™® The phrase “long-COVID”
was coined by patients (“long haulers”), who organized online,
started a grass-roots movement after continuing to experience per-
sistent long-term symptoms, and raised awareness until healthcare
professionals acknowledged the existence of the condition.” Ongo-
ing research suggests that long-COVID may affect people of varying
ages and those with asymptomatic acute infections.®'> There are,
however, many unknowns associated with long-COVID, including
its prognosis, the distribution of symptoms, and their long-term
manifestation. It is now well-established that long-COVID is a com-
plex health problem affecting millions of people globally, and a
wide range of symptoms are being discovered over time.>%>!%!3
Consequently, this syndrome is emerging as a critical research topic
relevant to the ongoing COVID-19 pandemic.

Since long-COVID awareness campaigns first started on social me-
dia, it is a potential source of early insights regarding the topic. Many
people, including healthcare professionals who had COVID-19 infec-
tions, report their experiences through this medium.'*'> Social media
adoption is currently at an all-time high globally and in the United
States,'®!” and user-generated information from social media have been
utilized to study health-related topics, including infectious diseases.'®'’
Due to the growing abundance of patient-reported knowledge about
COVID-19 on social media, it has been used to study vaccine hesitancy,

Table 1. Statistics associated with the dataset included in this study

misinformation, and related topics.2>*> In this study, we mined publicly
available social media data from Reddit to discover and analyze the spec-
trum of symptoms self-reported by COVID-19 long haulers.

Objectives and contributions

Our objectives for this study were to (1) extend a previously devel-
oped COVID-19 symptom lexicon,>® (2) deploy the extended lexi-
con to identify self-reported long-COVID symptoms from a
dedicated forum on Reddit, (3) analyze the distribution of symp-
toms, and (4) compare them with symptoms reported in recent stud-
ies. Our intended primary contribution is to add to the evolving
body of knowledge about long-COVID based on data-driven meth-
ods and social media data. Our findings describe patient-reported
symptom distributions and show that many long-COVID patients
continue to report symptoms up to 15 months following acute infec-
tion. Additional, informatics-oriented contributions include the cre-
ation of a Reddit-specific long-COVID symptom lexicon with
mappings to concept IDs in the unified medical language system
(UMLS)** and a method for extracting symptoms automatically
from free text. The lexicon and methods may potentially be used for
conducting syndromic surveillance using social media.

MATERIALS AND METHODS

Data source and collection

We collected data from the subreddit /#/covidlonghaulers on Reddit,
which is a moderated forum for discussing long-COVID-related
topics with strict rules prohibiting the promotion of alternative treat-
ments, misinformation, and conspiracy theories.”> As of July 31
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Figure 1. Distribution of numbers of long-COVID symptoms reported by Reddit users in the r/covidlonghaulers subreddit.



JAMIA Open, 2021, Vol. 4, No. 3 3

(a) Number of users per symptom
ageusia/taste disorder i 110
oropharyngeal pain g 119
chest tightness % 119
nausea mmmmm 124
myalgia w13
anosmia/smell disorder 131
insomnia/sleep disturbance i 169
chills  mmic— 196
diarrhea/gi issues % 23]
COUgh  m— 077
diZZiNess/Vertigo  maimmm— 285
palpitations %— 302
chest pain W 320
headache 24'5"/ 391
pyrexia s 427
dyspnea e 504
brain fog/confusion/feeling abnormal 32'8:/" 572
general & body ache & pain :?:: 844
fatigue e 893
anxiety, stress & general mental health symptoms i 963
0 200 400 600 800 1000 1200
u Relative Frequency = Count
(b) Number of posts per month
8000
7000 0860
6000 5480 35358 2191
55000
2 4000
23000
2000
1000
0
N

Month

Figure 2. (A) Number of users reporting each of the top 20 symptoms and their relative frequencies to the total number of users. (B) Distribution of posts per
month for the dataset included.

2021, the subreddit had over 16000 subscribers and over 1400
threads—most focusing on self-reported long-COVID experiences. In
the subreddit, users report and discuss the symptoms they experience
and often provide timelines of their symptoms. It is thus an excellent
resource for obtaining crowdsourced information about long-COVID
syndrome. We collected all the available posts from this subreddit us-
ing the PRAW application programming interface (API).2® The earli-
est post included in our analyses was from July 25 2020 and the latest
post was from June 6 2021. The API enables the collection of all
available past data from the subreddit and is not a real-time streaming

API. Consequently, posts that violated the community rules and were
subsequently removed by the moderators were not retrieved by the
APL

Symptom extraction from user posts

We first manually reviewed posts from the subreddit and annotated a
symptom lexicon, grouping similar symptoms, and mapping expres-
sions to UMLS concept IDs using the National Center for Biomedical
Ontology BioPortal.”” We augmented the lexicon entries for rarely
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Figure 3. Heatmap of relative frequencies of symptoms from months 3 to 15.

occurring symptoms by adding expressions from the Medical Dictio-
nary for Regulatory Activities.”® We combined this lexicon with a
previously developed Twitter lexicon®? to create a meta-lexicon con-
sisting of common COVID-19 and long-COVID symptom expres-
sions. We further expanded the meta-lexicon automatically using the
LexExp tool, which generates multi-word spelling variants.?’

To detect symptoms from free text, we applied an inexact match-
ing method. Exact matching on social media free texts typically
results in low recall due to the presence of nonstandard expressions
and misspellings. To overcome this issue, we searched through term
sequences in the texts and computed the similarity of each pre-
specified finite word sequence with all entries in the meta-lexicon.
Text sequences that obtained similarities above a specific threshold
with any entry in the lexicon were considered to be candidates for
long-COVID symptoms. We used the Levenshtein ratio metric to
compute similarity, with a threshold of 0.98. For an expression of 7
words, the term sequences were of the range [z — 1 : n + 2], similar
to prior work.?® During annotation, we also discovered that users
often expressed the resolution or absence of symptoms using nega-

» «

tion expressions such as “no,” “do not,” “never had,” and we cre-
ated a lexicon containing the negations we encountered. After
identifying candidate symptoms, the symptom extraction algorithm
determines if it might be negated by first checking if a negation ex-
pression encoded in the lexicon occurs in the post, and, if yes, if the
candidate expression potentially falls within the scope of the nega-
tion expression. To detect potentially negated symptoms in this
manner, the extraction algorithm preprocesses the texts by
lowercasing and tokenizing, and labels any candidate symptom
appearing within a 3-word window or before an end-of-sentence
marker (eg, a period) following the negation term as negated. Fi-
nally, the symptoms are grouped per user and the frequency distri-
butions for all users are generated. All parameters mentioned above
were optimized via trial and error over the posts that were used for
annotation.

We evaluated the performance of the algorithm using the preci-

sion, recall, and Fy-score metrics (F;-score is the harmonic mean of
2 xprecisionxrecall
precision+recall
sion and recall, we selected a random sample of posts (excluding
those that were used for lexicon creation and system development),

including posts from which at least 1 symptom was automatically

precision and recall; F;-score= ). To estimate preci-
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detected and those with no detected symptoms. Negated symptoms

extracted by the algorithm were counted as false positives.

Symptom distribution by month

Many thread titles in our dataset specified the number of months
since the initial COVID-19 diagnosis that the particular user was
experiencing symptoms for (eg, “8-month update,” “11-month long
hauler just got first vaccine”). We created a set of regular expres-
sions to detect such expressions and computed the relative frequency
distributions for the numbers of users expressing at least 1 symptom
within these posts. We grouped the frequencies by month, starting
from 3 up to 15.

RESULTS

Table 1 summarizes the statistics of the dataset included in this study.
To evaluate algorithm performance, we manually reviewed posts as-
sociated with a total of 450 symptom expressions along with 25 ran-
domly selected posts that had no detected symptoms. The approach
obtained Fq-score of 0.94 (recall: 0.93; precision: 0.95). Figure 1
presents the distribution of the numbers of symptoms reported by this
cohort. Most users reported 1-6 symptoms (histogram; left), and the
median number of symptoms reported per user was 3 (boxplot; right).
A handful of users reported 12 or more symptoms, with 32 being the
highest number of symptoms expressed by a single user.

Figure 2A presents the raw counts for the top 20 symptoms
reported by the users and their relative frequencies as a percentage
of the total number of users who reported at least 1 non-negated
symptom. There are some interesting differences between previously
reported acute COVID-19 symptoms from Twitter*® and the long-
COVID symptoms we detected in this study. The most commonly
reported long-COVID symptoms are anxiety/stress and related men-
tal health symptoms (we grouped these symptoms into one because
users often use non-standard expressions for them and it is difficult
to separate such symptoms in a more fine-grained manner). The
next 4 most frequently reported symptoms are fatigue, general and
body ache and pain, confusion/disorientation (commonly expressed
as brain fog), and dyspnea. Pyrexia, which was the most frequently
reported symptom among an acute COVID-19 cohort from Twitter,
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is reported much less frequently for long-COVID (6th). Figure 2B
shows the distribution of posts by month, illustrating there was a
gradual increase in the number of posts every month until December
2020. Note that the number of posts in June 2021 only represents
the first 6 days of the month.

The heatmap in Figure 3 presents the relative frequencies of 24
symptoms from months 3 to 15. The figure suggests that general
and body ache and pain, fatigue, anxiety, stress and other mental
health issues, and dyspnea were the most persistent symptoms, with
a large number of users reporting to experience it 12 months after
their initial diagnosis. Some symptoms, such as pyrexia, GI issues,
and oropharyngeal pain appear to decrease over time. Table 2
presents the relative frequency distributions of 10 commonly
reported long-COVID symptoms from this study and 8 recently pub-
lished papers on long-COVID. Fatigue is consistently reported with
high frequency across studies, but considerable variations can be ob-
served in the symptom distributions.

DISCUSSION

Our findings broadly agree with recently published studies on long-
COVID. The ranges for the symptom frequency distributions in Table 2
are wide, likely due to the differing patient populations included in the
studies. Another possibility is that long-COVID experiences of patients
vary considerably compared to the experiences of acute COVID-19
patients. Our findings also show that many patients continue to report
symptoms up to 15 months after acute infection. Continuing surveil-
lance of this cohort may reveal how the symptoms resolve, if at all. It is
evident that even if new COVID-19 cases are lowered globally through
vaccinations, an ongoing challenge will be to address complications as-
sociated with long-COVID.

With limited scientific data available about long-COVID and
with global medical care primarily focusing on treating acute
COVID-19 cases, many long-COVID sufferers are turning to social
media to discuss their persistent symptoms, find others with similar
symptoms, and identify potential solutions to improve quality of
life. It is possible, and perhaps likely, that many patients will con-
tinue to suffer from long-COVID symptoms in the future, and social
media will be an invaluable resource for obtaining early, crowd-
sourced insights about the topic. While manually reviewing the
posts, we found many users expressing their frustrations regarding
their healthcare providers not understanding the extent of their suf-
ferings and/or not being able to diagnose the underlying reasons be-
hind their persistent symptoms. For example, many users who
reported dyspnea stated that they had no issues with their lungs dur-
ing the acute phases of their COVID-19 infections, and their care
providers, who relied on standard imaging methods for diagnosis,
dismissed their sufferings. We also found a number users explaining
that their symptoms were not continuous, but cyclic—disappearing
and returning from time to time. Users also discussed that their
long-COVID symptoms were preventing them from getting back to
their usual lives and work, adding to their mental health problems.

Our study has several limitations: (1) symptom extraction is not
100% accurate, (2) users may not report all their symptoms (leading
to underestimation of prevalence), (3) Reddit users tend to be youn-
ger compared to the general population, and (4) rare symptoms may
have been missed during lexicon preparation. Our choice of the data
source, however, mitigates some common issues with social media
data (eg, Twitter) such as misinformation, since the forum is heavily
moderated. In the future, we will attempt to analyze how long-

COVID typically progresses, the distribution of time spans for
symptom resolution, and treatment regimens that appear to help.

CONCLUSIONS

Social media data may help the medical community to better under-
stand long-COVID from the perspective of patients and thus enable
them to improve medical care. Considering the large volume of data
that is generated on social media about this topic, it is necessary to
develop automated methods involving NLP for long-term surveil-
lance. To aid future research, we have made the lexicon developed
for this study publicly available.
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