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Background. We explore the ivermectin discourse and
sentiment in the United States with a special focus on
political leaning through the social media blogging site Twitter.

Methods. We used sentiment analysis and topic modeling
to geospatially explore ivermectin Twitter discourse in the
United States and compared it to the political leaning of a
state based on the 2020 presidential election.

Results. All modeled topics were associated with a negative
sentiment. Tweets originating from democratic leaning states
were more likely to be negative.

Conclusions. Real-time analysis of social media content
can identify public health concerns and guide timely public
health interventions tackling disinformation.
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The promotion of ivermectin, a Food andDrug Administration
(FDA)-approved antiparasitic drug used to treat onchocerciasis
and intestinal roundworm infection, as a coronavirus disease
2019 (COVID-19) therapeutic agent has challenged the medi-
cal and scientific community. Recommendations to repurpose
ivermectin as a COVID-19 therapymaterialized when ivermec-
tin showed in vitro efficacy against the virus [1]. Subsequently,
multiple studies including randomized controlled trials (RCTs)
investigating ivermectin’s therapeutic and prophylactic role
against COVID-19 in vivo yielded inconsistent treatment ef-
fects [2]. The emergent nature of the pandemic combined
with initial lack of a vaccine resulted in trials of ivermectin

outside RCT settings in several countries [3]. Several meta-
analyses reported promising results, but flaws and statistical
biases in included studies generated cautionary calls for evi-
dence of stronger treatment effects before widespread adapta-
tion as a COVID-19 treatment [2], resulting in early adopters
and concerned beholders.
The politicization of key strategies comprising the United

States’ COVID-19 pandemic response resulted in significant
discrepancies in the uptake of vaccinations and nonpharma-
ceutical interventions such as social distancing and mask wear-
ing. Television viewers, who reported using conservative media
channels such as Newsmax, One American News, or Fox News
as news sources, held more misconceptions about the
COVID-19 pandemic and vaccines [4]. The association be-
tween party affiliation and health behaviors contributed to a
3-fold higher COVID-19 death rate in Republican versus
Democratic counties [5]. Mounting cases and death tolls and
ivermectin’s availability, acceptability, and affordability moti-
vated some consumers to seek this non-FDA-approved therapy
despite the lack of the scientific community’s support for iver-
mectin as a COVID-19 treatment [6].
High prevalence of disinformation (defined as false informa-

tion with the intent to harm) [7, 8] forced social media compa-
nies to develop policies to combat the spread of mis- and
disinformation [9]. Understanding the extent and impact of
disinformation is vital for government officials and public
health agencies to predict population behavior, shape messag-
ing of evidence-based guidance to healthcare providers, and al-
locate resources [10]. In this study, we explore the ivermectin
discourse and sentiment in the United States with a special fo-
cus on political leaning through the social media blogging site
Twitter.

METHODS

Data Collection and Processing

On October 5, 2021, using Twitter’s Application Programming
Interface (API) to access Twitter’s COVID-19 stream, we col-
lected all English-language tweets from April 1, 2021 to
October 5, 2021, where the user’s location indicated a tweet
from the United States, and the tweet contained the keyword
“Ivermectin”. We used Python version 3.9.1 software (Python
Software Foundation, Wilmington, DE) for all data processing
and analyses. Institutional review board approval was not re-
quired because this study used only publicly available data.

Sentiment Analysis

Before performing sentiment analysis, we preprocessed tweets
into plain text, which required the removal of hyperlinks,
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Twitter handles, “#” symbols, and reply tweets. We used the
NLTK (Natural Language Toolkit) library [11] to remove
words that provide little semantic meaning (ie, “stop” words)
such as “their”, “who”, and “is” [12]. We used Python’s
SentiStrength Library [13] to identify and classify the sentiment
(positive or negative) of these preprocessed tweets.
SentiStrength uses a lexicon-based classifier as well as a rule-
based algorithm to measure sentiment on a scale of −4 (most
negative) to 4 (most positive). We calculated the average senti-
ment for all tweets by state and compared mean sentiment to
the political party of the candidate winning the state in the
2020 presidential election [14].

Topic Modeling

Using the Gensim library in Python, we applied an unsuper-
vised machine-learning algorithm called Latent Dirichlet
Allocation (LDA) to group tweets using a representative set
of words into word clusters. We analyzed these word clusters
to determine the content of each topic. To optimize the num-
ber of topics in our analysis, we trained and evaluated LDA
models trained with 2–30 topics based on their topic coher-
ence score, which summarizes the semantic similarity among
high-scoring (frequent) words within topics. We ultimately
chose a 6-topic LDA model that produced the highest score.
An author (C.U.L.) without access or insight into the topic
modeling labeled the topics using the 30 most frequently
used terms, which were ranked by weight. A subset of authors
then evaluated the topic labels to reach a consensus and iden-
tified example tweets whose content pertained.99% to a spe-
cific topic (Table 1).

RESULTS

We identified 420 101 tweets from April 1, 2021 to October 5,
2021 that contained the keyword ivermectin and were generat-
ed by a user in the United States. Users in the most populous
states created the most tweets: California users generated the
most tweets (50 631) followed by users in Texas and Florida
(48 857 and 32 885 tweets, respectively).

Sentiment Analysis

The overall mean sentiment for tweets was negative (−0.25)
throughout the study period. Figure 1 shows variation and vi-
sual clustering in mean sentiment among states. Red (more
positive) and blue (more negative) shadings indicate mean sen-
timent above (below) the overall mean. The states with the
least negative sentiment were South Dakota and Florida
(mean=−0.14 and 0.17, respectively), whereas the states with
the most negative sentiment were Minnesota and Idaho
(mean=−0.36 and 0.32, respectively). As depicted by the state
boundary in Figure 1, states carried by the Republican presi-
dential candidate (marked with red boundaries; median

sentiment being −0.24; interquartile range [IQR], −0.21 to
−0.25) had less negative sentiment than those carried by the
Democratic candidate (marked with blue boundaries; median
sentiment=−0.274; IQR, −0.25 to −0.28).

Topic Modeling

The LDA model identified 6 topics expressed in our sample of
tweets, which were labeled subjectively based on their respec-
tive keywords (Table 1). Approximately half of the tweets be-
longed to the topic “Ivermectin effectiveness and safety
studies: Scientific Merits” (196 874 tweets), which included
the concern for validity of the scientific studies and safety of
ivermectin as a treatment for COVID-19. The next most pop-
ular topics included “Safety of Ivermectin for Animal Use in
Humans” (48 277), “Discussion on how the Anti-Vaxxers are
promoting Ivermectin and endangering people” (47 922), and
“Big Pharma/Governments blocking alternative treatments in-
cluding Hydroxychloroquine and Ivermectin across the globe”
(46 456).
On average, tweets discussing ivermectin on Twitter used

negative words resulting in a negative sentiment. Not surpris-
ingly, people tweeting on Ivermectin effectiveness and safety
studies: Scientific Merits (a more fact-based and therefore
more neutral topic) used fewer negative words (mean senti-
ment=−0.20), whereas people tweeting on “Pharma/
Governments blocking alternative treatments including
Hydroxychloroquine and Ivermectin across the globe” (a very
charged topic) frequently used negative words (mean senti-
ment=−0.36). Regardless of topic, tweets displayed more neg-
ative sentiments in states leaning democratic.

Ethics Approval and Consent to Participate

The University of Texas Southwestern Human Research
Protection Program Policies, Procedures, and Guidance did
not require institutional review board approval, because all
data were publicly available. The data that support the findings
of this study are available upon request to the corresponding
author.

DISCUSSION

Negative sentiments and a heavy focus on ivermectin safety and
efficacy studies represent the main findings of our study analyz-
ing COVID-19 tweets containing the word ivermectin in the
United States. States varied in sentiments expressed in tweets,
and political ideology seemed to be an important differentiator
for this finding. In general, states that voted Democratic in the
2020 presidential election had a more negative sentiment in
tweets with the keyword ivermectin than states that voted
Republican, suggesting a strong politicization of this important
health topic. Political preference and the likely associated news

2 • OFID • BRIEF REPORT



Ta
bl
e
1.

To
pi
c
M
od
el
in
g
A
na
ly
si
s
of

Tw
ee
ts

an
d
Su

bs
eq
ue
nt

Se
nt
im
en
tA

na
ly
si
s
of

Ea
ch

To
pi
ca

To
pi
c

Tw
ee

ts
/T
op

ic
n

(%
)

To
pi
c

S
en

tim
en

t

S
en

tim
en

t
S
ta
te
s
Le

an
in
g

R
ep

ub
lic
an

S
en

tim
en

t
in

S
ta
te
s
Le

an
in
g

D
em

oc
ra
tic

K
ey

w
or
ds

R
ep

re
se

nt
at
iv
e
Tw

ee
t

Iv
er
m
ec

tin
ef
fe
ct
iv
en

es
s
an

d
sa
fe
ty

st
ud

ie
s:

S
ci
en

tifi
c

M
er
its

19
6
87

4
(4
6.
9)

−0
.2
2

−0
.2
0

−0
.2
3

st
ud

y,
ta
lk
,fi

nd
,m

an
,o

ne
,t
hi
s,

re
po

rt
,s

ho
w
,

re
ad

,a
rt
ic
le
,r
ig
ht
,n

ev
er
,o

ve
rd
os

e,
in
fe
ct
io
n,

lin
k,

hi
t,
ef
fi
ca
cy
,t
od

ay
,d

os
e,

lie

C
ru
ci
al
,g

am
e-
ch

an
gi
ng

in
fo
,j
us

t
pu

bl
is
he

d
to
da

y,
w
rit
te
n

by
an

un
bi
as
ed

re
se

ar
ch

er
in

th
e
U
K
.W

rit
te
n
fo
r
he

al
th

pr
of
es

si
on

al
s
&
;p

ol
ic
y
m
ak
er
s;

la
yp

eo
pl
e
m
ig
ht

w
an

tt
o

sk
ip

to
pa

ge
15

fo
r
co

nc
lu
si
on

s.
ht
tp
s:
//t
.c
o/
x1

fd
A
12

E
qZ

#I
ve

rm
ec

tin
#C

O
V
ID
19

Th
an

ks
to

[…
]h

tt
ps

://
t.
co

/
5o

7q
Y
iG
T5

i

S
af
et
y
of

Iv
er
m
ec

tin
fo
rA

ni
m
al

U
se

in
H
um

an
s

48
27

7
(1
1.
5)

−0
.2
0

−0
.1
9

−0
.2
1

ta
ke

,p
eo

pl
e,

us
e,

hu
m
an

,c
al
l,
al
so

,m
ak
e,

pr
ev

en
t,
ho

rs
e,

kn
ow

,m
ed

ic
in
e,

ge
t,
w
ou

ld
,

ne
ed

,e
ve

ry
on

e,
w
an

t,
on

e,
an

im
al
,h

el
p,

be
lie
ve

W
hy

di
d
pp

lh
av
e
to

be
st
up

id
an

d
ta
ke

ho
rs
e
pa

st
e
w
he

n
th
ey

co
ul
d
on

ly
ta
ke

6
gr
am

s
ev

er
y
12

h.
O
nl
y
fo
r2

da
ys
.

P
pl

ar
e
cr
az
y
ab

ou
t
ev

er
yt
hi
ng

.S
o
th
ey

ge
t
si
ck
.

Iv
er
m
ec

tin
ha

s
be

en
a
sa
fe

dr
ug

fo
ry

ea
rs

un
til
pp

ls
ta
rt
ed

ta
ki
ng

an
im

al
bs

.I
st
ill
be

lie
ve

its
sa
fe
.

D
is
cu

ss
io
n
on

ho
w

th
e

an
ti-
va
xx
er
s
ar
e
pr
om

ot
in
g

iv
er
m
ec

tin
an

d
en

da
ng

er
in
g

pe
op

le

47
92

2
(1
1.
4)

−0
.3
0

−0
.2
9

−0
.3
0

ge
t,
w
or
k,

an
ti,

lik
e,

kn
ow

,t
hi
nk

,t
ak
e,

sa
y,

ho
rs
e,

pe
op

le
,w

ou
ld
,v

ax
xe

r,
tr
y,
m
ak
e,

th
in
g,

re
al
ly
,w

el
l,
on

e,
va
x,

co
m
e

*t
hi
s
is

ju
st

to
sa
y*

Ih
av
e
bl
oc

ke
d
th
e
ex

te
nd

ed
fa
m
ily

m
em

be
rs

w
ho

pr
om

ot
ed

iv
er
m
ec

tin
on

fb
an

d
w
ho

ar
e
st
ill
no

t
fu
ck
in
g

va
cc
in
at
ed

no
ts

or
ry

th
ey

ar
e
da

ng
er
ou

s
so

du
m
b
an

d
so

lo
ud

B
ig

P
ha

rm
a/
G
ov

er
nm

en
ts

bl
oc

ki
ng

al
te
rn
at
iv
e

tr
ea

tm
en

ts
in
cl
ud

in
g

hy
dr
ox

yc
hl
or
oq

ui
ne

an
d

iv
er
m
ec

tin
ac
ro
ss

th
e
gl
ob

e

46
45

6
(1
1.
1)

−0
.3
6

−0
.3
6

−0
.3
9

dr
ug

,h
cq

,I
nd

ia
,u

se
,t
re
at
m
en

t,
w
or
k,

co
ul
d,

ne
w
,e

ff
ec

tiv
e,

se
e,

m
ay
,s

ay
,w

ou
ld
,c

ur
e,

do
ct
or
,r
es

ea
rc
h,

ge
t,
lik
e,

ev
id
en

ce
,c

as
e

“
Th

es
e
co

nt
ra
ct
s
ca
nn

ot
be

br
ok

en
,e

ve
n
if
an

ef
fe
ct
iv
e

tr
ea

tm
en

ti
s
di
sc
ov

er
ed

.T
hi
s
m
ay

ex
pl
ai
n
w
hy

co
un

tr
ie
s

ar
e
no

t
ru
sh

in
g
to

ap
pr
ov

e
iv
er
m
ec

tin
,f
or

ex
am

pl
e.

It
co

ul
d
al
so

ex
pl
ai
n
w
hy

it
is

di
ffi
cu

lt
fo
r
go

ve
rn
m
en

ts
to

re
ve

rs
e
co

ur
se

,g
iv
en

th
e
m
on

ey
pa

id
to

ph
ar
m
a

co
m
pa

ni
es

”

U
S
G
ov

er
nm

en
ts

bl
oc

k
iv
er
m
ec

tin
an

d
hy

dr
ox

yc
hl
or
oq

ui
ne

42
75

4
(1
0.
2)

−0
.2
1

−0
.2
1

−0
.2
2

us
e,

hy
dr
ox

yc
hl
or
oq

ui
ne

,t
re
at
m
en

t,
m
an

y,
pe

op
le
,w

or
k,

w
ou

ld
,o

ve
rd
os

e,
ge

t,
w
or
ks
,

da
y,

va
cc
in
e,

sa
y,

se
iz
ur
e,

zi
nc

,t
ak
in
g,

C
D
C
,

co
un

tr
y,

hc
q,

go

O
ur

go
ve

rn
m
en

ta
nd

m
an

y
ot
he

rs
ar
e
w
ill
fu
lly

co
nt
rib

ut
in
g

to
ci
tiz
en

de
at
hs

by
ba

nn
in
g,

di
sc
ou

ra
gi
ng

us
e
of

pr
ov

en
C
O
V
ID

th
er
ap

eu
tic

s
H
C
Q

an
d
Iv
er
m
ec

tin
.T

he
y
do

n’
t

ca
re

ab
ou

t
yo

u.
W
ith

ea
rly

ac
ce

ss
to

th
es

e,
th
e
w
ho

le
th
in
g
w
ou

ld
be

ov
er
.P

S
,t
he

va
x
w
ill
ki
ll
yo

u
ev

en
tu
al
ly
.

E
ff
ec

ts
on

ho
sp

ita
ls

an
d

ph
ys
ic
ia
ns

:i
ve

rm
ec

tin
re
fu
sa
la

nd
iv
er
m
ec

tin
ov

er
do

se
s

37
81

8
(9
.0
)

−0
.2
8

−0
.2
6

−0
.3
0

tr
ea

t,
pa

tie
nt
,d

oc
to
r,
ho

sp
ita

l,
sa
y,

us
e,

gi
ve

,
hu

m
an

,s
to
ry
,n

ew
s,

di
e,

go
od

,g
et
,p

re
sc
rib

e,
FD

A
,a

pp
ro
ve

,d
ru
g,

w
or
k,

te
ll,

ye
ar

[…
]T

o
m
ak
e
th
e
po

in
tc

le
ar
er
,b

ot
h
D
ur
an

t&
;M

cA
lis
te
r(
2

la
rg
es

tm
ic
ro
po

lit
an

ar
ea

s
in

S
E
O
K
)a

re
10

0%
fu
ll
in

th
e

IC
U
.W

he
n
th
at

ha
pp

en
s,

pa
tie

nt
s
ba

ck
up

in
to

th
e
E
R
.

M
os

th
os

pi
ta
ls
ab

le
to

ha
nd

le
a
G
S
W

in
S
E
O
K
on

ly
ha

ve
3–

9
IC
U

be
ds

.A
ha

nd
fu
lo

f
iv
er
m
ec

tin
O
D
s
m
ak
es

th
is

tr
ue

.

A
bb

re
vi
at
io
ns

:C
D
C
,C

en
te
rs

fo
rD

is
ea

se
C
on

tr
ol
an

d
P
re
ve

nt
io
n;

C
O
V
ID

19
,c
or
on

av
iru

s
di
se

as
e
20

19
;E

R
,e

m
er
ge

nc
y
ro
om

;f
b,

Fa
ce

bo
ok

;F
D
A
,U

S
Fo

od
an

d
D
ru
g
A
dm

in
is
tr
at
io
n;

G
S
W

,g
un

sh
ot

w
ou

nd
;h

cq
,h

yd
ro
xy

ch
lo
ro
qu

in
e;

IC
U
,i
nt
en

si
ve

ca
re

un
it;

in
fo
,

in
fo
rm

at
io
n;

O
D
s,

ov
er
do

se
s;

O
K
,O

kl
ah

om
a;

pp
l,
pe

op
le
;S

E
,s

ou
th
ea

st
;U

K
,U

ni
te
d
K
in
gd

om
.

a T
w
itt
er

ha
nd

le
s
ha

ve
be

en
ce

ns
or
ed

fr
om

th
e
ta
bl
e
us

in
g
th
e
an

no
ta
tio

n
[…

].

BRIEF REPORT • OFID • 3

https://t.co/x1fdA12EqZ
https://t.co/5o7qYiGT5i
https://t.co/5o7qYiGT5i


source preference affected the public’s opinion on the use of
ivermectin to treat COVID-19.

All modeled topics were associated with a negative senti-
ment. With a very specific and narrow keyword such as iver-
mectin, all topics were closely related. However, tweets
expressed 2 very polar opinions. One discussion topic reflected
frustration and anger over promoting human ivermectin use
without sufficient scientific evidence, resulting in overdoses
that further overwhelmed the healthcare system during a surge
in cases. The other topic reflected concerns about governments,
“big pharma”, and healthcare providers blocking the use of
treatments hailed as COVID-19 panacea, such as ivermectin
and hydroxychloroquine.

Sentiment and topic analysis of tweets is insufficient to de-
rive conclusions about whether the clustered topics are for or
against the use of ivermectin as a COVID-19 prophylaxis or
treatment. However, the major topics discussed in online pub-
lic forums regarding ivermectin use for COVID-19 infections
and the associated negative sentiment strongly signal to public

health authorities that further investment to develop effective
educational messaging regarding ivermectin is needed.
Because the COVID-19 pandemic unmasked the challenge

of combating health disinformation on social media [8] at a
time when social media platforms are themajor source of infor-
mation for a large proportion of the public [15], investing in in-
novation to address disinformation has become paramount.
Yesterday’s potential COVID-19 therapeutic (miraculous treat-
ment as interpreted by the public) may become tomorrow’s
therapeutic with equivocal outcomes (ineffective treatment as
interpreted by the public), and although health information
transfer to the public may be faster than among the scientific
community, keeping the public informed and protected from
disinformation has gained tremendous importance. In the
case of ivermectin, unnecessary spending by insurers on iver-
mectin prescriptions was estimated at $2.5 million in the
week of August 13, 2021 alone, making investment in the com-
bat of disinformation not only an important public health issue
but also an economic imperative [16].

Figure 1. Sentiment analysis by US State. State boundaries represent 2020 presidential election results (red= republican, blue= democratic) and state fill represents the
sentiment of coronavirus disease 2019-related tweets containing the word “Ivermectin” in the state.
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Early detection and identification of disinformation has been
challenging during the COVID-19 pandemic because data and
knowledge are continuously aggregated and scientific under-
standing of the nature and management of the disease has
evolved rapidly [17, 18]. Many social media companies adapted
different ways of blocking or tagging disinformation on their
platforms as a first step. Real-time analysis of existing social
media content and generation of new social media content by
public health agencies may offer an opportunity to close the
gap between scientific evidence and public knowledge more
rapidly and increase public trust. Potential future interventions
may include automated tools such as Public Health
Information bots or targeted education of specific populations.

Limitations

Our study has several limitations that must be discussed. First,
because Twitter provides a convenient API, we limited our
study to only 1 social media site. By excluding other social me-
dia sites, we may have introduced some bias. Second, we used
the Twitter user location in the users’ accounts when we ana-
lyzed sentiment across states. The account location may not re-
flect the actual location of the user at the time of tweet and is
more likely to represent their home base. Because we deleted
duplicate tweets, our topic analysis might be skewed away
from topics that are frequently retweeted. Because twitter users
may not be representative of political leanings in the United
States, our sample may be skewed.

We used the presidential election results on a state level.
Because counties may have voted differently within a state,
this study missed differences in political preferences at the
county level. Another limitation to our study is the challenge
that sentiment analysis can underperform when handling sar-
castic text. Because COVID-19-related tweets frequently con-
tain sarcasm, more research to improve accuracy of sarcasm
detection is required. Our study also fell short in regards to
identifying actual mis- and disinformation. We are working
on tools to automate this task in future studies.

CONCLUSIONS

Tweets with the keyword ivermectin had universally negative
sentiment during our study period. Voting results in the 2020
presidential election were associated with the polarity of senti-
ments across the states. The major topic of discussion among
the public was ivermectin safety and efficacy studies. Our study
adds to the growing evidence supporting the use of natural lan-
guage processing for real-time analysis of social media content
to early identify public health concerns and to guide timely in-
terventions tackling health disinformation.
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