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Abstract: Vaccine hesitancy is defined as a delayed in acceptance or refusal of vaccines despite avail-
ability of vaccination services. This multinational study examined user interaction with social media
about COVID-19 vaccination. The study analyzed social media comments in 24 countries from five
continents. In total, 5856 responses were analyzed; 83.5% of comments were from Facebook, while
16.5% were from Twitter. In Facebook, the overall vaccine acceptance was 40.3%; the lowest ac-
ceptance rates were evident in Jordan (8.5%), Oman (15.0%), Senegal (20.0%) and Morocco (20.7%)
and the continental acceptance rate was the lowest in North America 22.6%. In Twitter, the overall
acceptance rate was (41.5%); the lowest acceptance rate was found in Oman (14.3%), followed by
USA (20.5%), and UK (23.3%) and the continental acceptance rate was the lowest in North America
(20.5%), and Europe (29.7%). The differences in vaccine acceptance across countries and continents
in Facebook and Twitter were statistically significant. Regarding the tone of the comments, in Face-
book, countries that had the highest number of serious tone comments were Sweden (90.9%), United
States (61.3%), and Thailand (58.8%). At continent level, serious comments were the highest in Asia
(58.4%), followed by Africa (46.2%) and South America (46.2%). In twitter, the highest serious tone
was reported in Egypt (72.2%) while at continental level, the highest proportion of serious com-
ments was observed in Asia (59.7%), followed by Europe (46.5%). The differences in tone across
countries and continents in Facebook and Twitter and were statistically significant. There was a
significant association between the tone and the position of comments. We concluded that the over-
all vaccine acceptance in social media is relatively low and varied across the studied countries and
continents consequently, more in-depth studies are required to address causes of such VH and com-
bat infodemics.

Keywords: COVID-19 vaccine; vaccine hesitancy; COVID-19; comment tone and position; content
analysis; social media

1. Introduction

The coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). On 12 March 2020, the World Health Organiza-
tion (WHO) declared COVID-19 as a pandemic [1]. This pandemic affected over 474.7 mil-
lions of people worldwide with over 6.1 million deaths [2]. The pattern of infection and
mortality differed significantly across countries [3,4]. Healthcare workers and elderly peo-
ple are at higher risk of acquiring the infection and related complications, but there is also
an increase in the number of young persons who present with COVID-19 related compli-
cations [5]. These factors resulted in a high burden on healthcare facilities and the global
economy in addition to the social drawbacks [6].

Indeed, there is a debate on the effectiveness of non-pharmaceutical intervention on
viral transmission. Social distancing and facemasks failed to control the pandemic in Swe-
den [7] while the dependence on herd immunity strategy resulted in higher deaths [8]. On
the other hand, many studies have proven the effectiveness of these measures on the pan-
demic containment [9-11]. Consequently, the need for effective vaccination has been
urged, however, one of the major limiting elements for a wide coverage of vaccination
programs, especially for newly developed vaccines, is vaccine hesitancy (VH) [12].
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The WHO referred to VH as one of the ten greatest threats to global health in 2019
[13]. VH is defined as a delay in acceptance or refusal of vaccines despite availability of
vaccination services [14]. The reasons for VH are numerous, complex across vaccines,
countries, as well as time periods. Reasons include lack of confidence (i.e., belief in vaccine
safety and effectiveness), complacency (i.e., not identifying the disease as high risk and
vaccination as essential), constraints (i.e., practical limitations), collective responsibility
(willingness to protect others by becoming vaccinated), and calculation (involvement in
intensive information collection and a thorough analysis of the risks of diseases and vac-
cines) [15,16].

As of 16 April 2022, at least one dose of a COVID-19 vaccination has been adminis-
tered to 65 % of the world’s population. Globally, 11.45 billion doses have been provided,
with 11.79 million administered each day. Only 15.2% of low-income countries adults
have gotten at least one dose [17]. Vaccination against COVID-19 has been effective in
reducing mortality, progression to severe disease and human-to-human transmission
[18,19], however, many concerns about the safety and efficacy of these vaccines have been
raised. The protective effect of vaccination against hospitalization and mortality diminish
with time [20]. Moreover, vaccination has a reduced effectiveness against variant strains,
for instance, when the SARS-CoV-2 Delta variant became common, the proportion of fully
vaccinated patients infected with SARS-CoV-2 increased faster than expected [21]. Anti-
vaxxers’ false theories spread through social media, including concerns about safety, con-
fusion about protection levels, perceived risk and fears, poor health literacy, lack of aware-
ness about the virus, misinformation or lack of accurate knowledge about the vaccines,
concerns about safety in the elderly and people with various preexisting comorbidities,
the fast-tracking of vaccines, doubts about the effectiveness of the available vaccines
against variant strains, anti-vaccine myths, and confusing messages about some severe
side effects of a few vaccines threatens the global efforts to control the circulation of SARS-
CoV-2 [22,23]. The main concern is that unvaccinated individuals can act as reservoirs of
SARS-CoV-2 and maintain the transmission cycle [23].

This “infodemic” (overabundance of health information, misinformation, and disin-
formation) may impede implementing the best public health policies which may be more
critical and dangerous than the actual pandemic and may cost lives [24]. Rumors about
COVID-19 vaccines were released on social media with thousands of likes, shares, re-
tweets, and millions of views. Rumors ranged from talking about the non-existence of the
COVID-19 pandemic, the non-existence of true vaccines, ineffective vaccination in certain
races, being dangerous in elderly people, the ability of vaccines to alter human DNA or to
control the behavior of persons, and up to the death of individuals after receiving vaccines
[25]. In a large study the knowledge, attitude, and practices of 215,731 participants from 45 coun-
tries were assessed. The estimated overall correct answers for knowledge, good attitude and good
practice were 75%, 74% and 70%, respectively [26]. Therefore, a serious collaborative initiative
has started to remove the misleading claims to counteract the spread of misinformation
about COVID-19 vaccines in social media platforms (i.e.,, Facebook, Twitter, and You
Tube) [25]. In this study we aimed to determine opinions and attitudes toward COVID-19
vaccines through analyzing reactions and comments of social media users to the COVID-
19 posts released by health authorities.

2. Materials and Methods

We conducted quantitative content analysis to analyze the attitude of social media
users to COVID-19 vaccination [27]. We analyzed social media posts from official health
institutions regarding COVID-19 vaccination and associated social media users’ com-
ments for 24 countries. Researchers identified the main social media platforms, number
of social media users, and the social media pages of the official health institutions in each
country via Statista website [28]. Based on this information, and by considering the pop-
ulation of each country, the sample size of included posts and comments from each coun-
try was determined. For each country, the population number was determined and then



Int. |. Environ. Res. Public Health 2022, 19, 5737 4 0of 14

after conducting a power analysis, sample size was determined in the form of the mini-
mum required number of posts to be collected for this study. We determined the number
of comments we should include from each social media platform based on the percentage
of use of each social media platform in each country [28].

Quantitative content analysis was used to fulfil the goal of this study. Content anal-
ysis is a research method to analyze verbal or visual communication/message [29]. There
are two forms of content analysis: qualitative and quantitative. Quantitative content anal-
ysis is a branch of content analysis that analyzes messages by quantifying the occurrence
of words, expressions, phrases, and so on [30]. The process of a quantitative content anal-
ysis begins with determining the difference expressions to be extracted from the text. The
coding process preceded this step, and a codebook was designed and used to quantify the
occurrence of the words that provide inference to the needed expressions. Since this pro-
cess has a human factor (i.e., during the coding process), multiple coders coded same con-
tent to ensure the reliability of the coding process. In this study, two waves of coding were
carried out on the collected data.

A codebook was created as the main instrument used in this study. The codebook
aimed to code social media users’ comments and reactions on COVID-19 vaccine posts
identified in the previous step. In general, when selecting posts on social media, research-
ers analyzed this same post on the different social media platforms where it was posted.
For Facebook posts, the data collected was screenshot/link to the post, date, time, location,
source, language, number of comments, and number of reactions to the post.

2.1. Codebook
2.1.1. Position of the Comment

“With vaccination” meant that the comment supported the vaccine’s existence and
use, “Against vaccination” meant that the comment was refusing the vaccine in any means
whether industry or intake, “Neutral” meant that the comment was simply a comment,
not showing a directional attitude.

2.1.2. Tone of the Comment

“Serious” meant that the comment was literal in its meaning, “Humorous” meant
that the comment was funny “Sarcastic” when the comment has the character of sarcasm,
“Opinion” meant that the comment was explaining the person’s point of view about the
vaccine.

To analyze the comments, the codebook included the following codes: post being
analyzed, comment screenshot, tone of the comment (serious, humorous, opinion), opin-
ion position of the comment (with vaccination, against vaccination, neutral), and the num-
ber of reactions to the comment.

For Twitter, the following codes were included for each tweet: screenshot, date, time,
location, source, language, number of replies, number of retweets, number of quote
tweets, and number of likes. The following codes were used to analyze the replies: tweet
ID, reply ID, screenshot, tone of the reply (serious, humorous, opinion), and comment
position (with vaccination, against vaccination, neutral).

Before the start of the coding process, all the data collectors were trained on how to
code comments. During the training, data collectors got a deep understanding of the con-
cepts included in the codebook and the spectrum of meanings that can be included under
each code. The training also involved sample coding activities of real comments. The train-
ing was carried out once all the data collectors had a mutual agreement when coding the
sample comments. The tone and position codes were entered during the collection process
from the interpretation of the researcher to the language of the comment and were as-
signed to one of three options of the tone and position by 0, 1 method.

The coding of the selected data was carried out by two teams of authors inde-
pendently to run reliability testing. The first wave of coding was carried out starting on
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15 January to 22 January. The second wave of coding was carried out by switching the
researchers and coding the same comments for a second time. A screenshot/link of each
comment was included in the codebook. A second coder coded the screenshot for the sec-
ond time blindly.

2.2. Sampling Technique

Country selection: A convenient sampling technique was used to include the coun-
tries.

The authors developed a selection strategy to include social media posts from the
official pages of health authorities as noted below:

In countries where the vaccine was delivered, the first post that addressed the deliv-
ery of the COVID-19 vaccine to the corresponding country was extracted and considered
in the data collection process;

In countries where the vaccine had not been delivered yet, the first post that ad-
dressed the COVID-19 vaccine, in general, was extracted and considered in the data col-
lection process.

For example, if Nigeria had posts related to COVID-19 delivery in the country, the
authors identified the social media pages of the official health channels in the country,
then scrolled down to find the first post that talked about vaccine delivery, then started
collecting the comments on this post, with the following post to be the one to be analyzed.
If the authors checked the official pages and couldn’t find any posts related to vaccine
delivery (because the vaccine had not yet delivered to the country), the authors looked for
any posts that talked about COVID-19 vaccine in general.

For Facebook, in each of the included posts, its comments were screened and col-
lected through exploring the “most relevant” filter category in each port on Facebook.
Comments were collected until reaching the determined sample size for each country. If
the required number of comments wasn’t reached, the next post that addresses the
COVID-19 vaccine was extracted and the comments were collected using the same
method. For Twitter, systematic random sampling was applied by collecting every other
reply to the desired tweet. We divided the number comments “N” by sample size “n” to
calculate the sampling interval “i”. In case this value was in decimals, we rounded the
figure to the nearest whole number/integer. Then, a random starting point, “r”, was cho-
sen from where the sampling interval “i” is used to responses.

2.3. Statistical Analysis

All data were assessed using SPSS, version 26.0. Figures were built using ggplot2
package for R software version 4.1.2. Descriptive frequencies were calculated for qualita-
tive variables (comments and tone). Categorical variables were presented in total numbers
(n) and percentages of all recorded posts. The chi-squared test was applied for evaluation
of association between country an attitude or comments towards vaccination. Kappa sta-
tistic was performed to test for interrater agreement; (values < 0 as indicating no agree-
ment and 0-0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial,
and 0.81-1 as almost perfect agreement). p values < 0.05 were considered significant. The
Kappa value for the inter-coder reliability was 0.85, which indicated a strong agreement
between the coders.

3. Results
3.1. Description of the Collected Data

In total, 4897 (83.5%) of comments were from Facebook, while 965 (16.5%) were from
Twitter. The comments were written in English 46.0% (2269), Portuguese 15.6% (912), Ar-
abic 20.5% (1203), German 6.6% (388), Malay 5.2% (307), Burmese 1.7% (100), Thai 1.5%
(87), Spanish 1.8% (106), French 0.1(5) and Swedish 0.9% (55).
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Comments were collected from 24 countries: United States of America (USA) (2176),
Brazil (846), Saudi Arabia (385), United Kingdom (UK) (398), Egypt (381), Germany (388),
Malaysia (307), Myanmar (100), Morocco (150), Mexico (106), Thailand (87), United Arab
Emirates (UAE) (398), Tunisia (36), Portugal (66), Iraq (76), Sweden (55), Libya (20), Jordan
(59), Palestine (45), Kuwait (28), Oman (27), Lebanon (13), Sudan (11), and Senegal (5).

3.2. Position of Social Media Users towards COVID-19 Vaccine
3.2.1. On the Country Level
Facebook

Acceptance rate: The overall vaccine acceptance in Facebook was 40.3% (1975/4897)
in the countries. Countries that had a low acceptance rate were the USA (22%), UK (22.3%),
Mexico (22.6%), and Palestine (24.4%), followed by Egypt (48.5%), Myanmar (57.0%),
Thailand (50.6%), and Iraq (56.6%), Portugal (49.2%), and Germany (38.2%). Countries
that had high acceptance rates were Saudi Arabia (88.3%), UAE (76.1%), Libya (75.0%),
Brazil (67.5%), and Kuwait (65.2%). The difference in the acceptance rate among countries
was statistically significant (p <0.001) (Table 1).

Table 1. Country-position toward COVID-19 vaccination in Facebook and twitter.

Facebook With Vaccination Vifiari:tsiton Neutral p*
(n =4897) (n=1975) (n=2124) (n=798)
Brazil 393 (67.5) 126 (21.6) 63 (10.8)
Egypt 176 (48.5) 122 (33.6) 65 (17.9)
Germany 133 (38.2) 184 (52.9) 31 (8.9)
Iraq 43 (56.6) 27 (35.5) 6(7.9)
Jordan 5 (8.5) 53 (89.8) 1(1.7)
Kuwait 15 (65.2) 5(21.7) 3 (13.0)
Libya 15 (75.0) 5 (25.0) 0 (0.0)
Malaysia 102 (33.2) 123 (40.1) 82 (26.7)
Mexico 24 (22.6) 22 (20.8) 60 (56.6)
Myanmar 57 (57.0) 4 (4.0) 39 (39.0)
Oman 3 (15.0) 1(5.0) 16 (80.0)
Country Palestine 11 (24.4) 25 (55.6) 9 (20.0) <0.001
Portugal 31 (49.2) 23 (36.5) 9 (14.3)
Saudi Arabia 303 (88.3) 33 (9.6) 7 (2.0)
Senegal 1 (20.0) 3 (60.0) 1 (20.0)
Sudan 4 (40.0) 6 (60.0) 0 (0.0.)
Sweden 40 (72.7) 11 (20.0) 4 (7.3)
Thailand 44 (50.6) 5(5.7) 38 (43.7)
Tunisia 22 (61.1) 14 (38.9) 0 (0.0)
UAE 70 (76.1) 3(3.3) 19 (20.7)
UK 59 (21.9) 200 (74.3) 10 (3.7)
USA 393 (22.6) 1049 (60.4) 296 (17.0)
Morocco 31 (20.7) 80 (53.3) 39 (26.0)
Twitter vac:\i]rlltalzion vaétf:;i:;?:m Neutral p
(n =965) (1 = 400) (n =515) (n=50
Brazil 214 (81.1) 40 (15.2) 10 (3.8)
Country Egypt 8 (44.4) 9 (50.0) 1(5.6) <0.001
Germany 19 (47.5) 17 (42.5) 4 (10.0)
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Kuwait 4 (80.0) 1(20.0) 0(0.0)
Lebanon 11 (84.6) 1(7.7) 1(7.7)
Oman 1(14.3) 1(14.3) 5 (71.4)
Portugal 2 (66.7) 0 (0.0) 1(33.3)
Saudi Arabia 16 (38.1) 13 (31.0) 13 (31.0)
Sudan 0(0.0) 1(100.0) 0 (0.0)
UAE * 5 (100.0) 0 (0.0) 0 (0.0)
UK * 30 (23.3) 93 (72.1) 6(4.7)
USA * 90 (20.5) 339 (77.4) 9 (2.1)

* Test statistics Chi Square, x2=1472, df = 44, Test statistics: Monte Carlo (x?= 446, df = 22), * UAE:
United arab of emirates; UK: United Kingdom; USA: United States of America.

Rejection rate: UAE (3.3%), Myanmar (4.0%), Thailand (5.7%), Oman (5.0%) had the
lowest rejection rates among all countries followed by that had a low rejection rate were
Saudi Arabia (9.6%), Sweden (20.0%), Brazil (21.6%), Kuwait (21.7%), Mexico (20.8%), and
Libya (25.0%). Countries that had medium rejection rates were Egypt (33.6%), Portugal
(36.5%), Iraq (35.5%), Tunisia (38.9%), Malaysia (40.1%), Germany (52.9%), Morocco
(53.3%), and Palestine (55.6%). Countries that had high rejection rates were Jordan (89.8%),
UK (74.3%), USA (60.4%), Sudan (60.0%), and Senegal (60%). The difference in the rejec-
tion rate among countries was statistically significant (p <0.001) (Table 1).

Twitter Acceptance

The highest acceptance rate was found in UAE (100.0%), followed by Lebanon
(84.6%), and Brazil (81.1%). The lowest acceptance was detected in Sudan (0.0%), Oman
(14.3%), UK (23.3%), and USA (20.5).

3.2.2. On the Continental Level
Facebook

Acceptance rate: The total acceptance rate was 40.3% (1975/4897); being lowest in
North America with 22.6% (417/1844), Europe 35.8% (263/735), and Africa, 42.6%
(249/584). The highest vaccine acceptance rate was in South America 67.5% (393/582) fol-
lowed by Asia 56.7% (653/1152). The difference in the acceptance rate among the conti-
nents was statistically significant (p < 0.001) (Table 2).

Table 2. Continent-position toward COVID-19 vaccination.

Continents

Continents

Comment Position p
Facebook Total With Vaccination Against Vaccination = Neutral
(n=4897) (n=1975) (n=2124) (n=798)
Africa 584 249 (42.6) 230 (39.4) 105 (18.0)
Asia 1152 653 (56.7) 279 (24.2) 220 (19.1)
Europe 735 263 (35.8) 418 (56.9) 54 (7.3)  <0.001
North America 1844 417 (22.6) 1071 (58.1) 356 (19.3)
South America 582 393 (67.5) 126 (21.6) 63 (10.8)
Twitter Total With Vaccination Against Vaccination = Neutral p
(n=965) (n =400) (n=>515) (n=50)
Africa 19 8 (42.1) 10 (52.6) 1(5.3)
Asia 72 37 (51.4) 16 (22.2) 19 (26.4)
Europe 172 51 (29.7) 110 (64.0) 11 (6.4)  <0.001
North America 438 90 (20.5) 339 (77 .4) 9 (2.1)
South America 264 214 (81.1) 40 (15.2) 10 (3.8)

Test statistics: Chi Square, df =8, x>= 680; Test statistics: Chi square (x2=295, df = 12).
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Rejection Rate: The total rejection rate was 43.4% (2124/4897); the rate was the lowest
in South America 21.6% (126/582). In Asia, the rejection rate was 24.2% (279/1152), while
In Africa, the rejection rate was 39.4% (230/584). Rejection rate was the highest in North
America was 58.1% (1071/1844). Followed by Europe 56.9% (418/735). The difference in
the rejection rate among continents was statistically significant (p < 0.001) (Table 2).

Twitter

Acceptance rate: the overall acceptance rate was 41.5% (400/965); the highest ac-
ceptance rate was in South America (81.1%), and Asia (51.4%), followed by Africa (42.1%).
The lowest acceptance was in North America (20.5%), and Europe (29.7%).

Rejection rate: the highest rejection rate was in North America (77.4%), and Europe
(64.0%), followed by Africa (52.6%). South America witnessed the lowest rejection rate
(15.2%) followed by Asia (22.2%).

3.3. Tone of the Social Media Comments towards COVID-19 Vaccine
3.3.1. On the Country Level
Facebook

Countries that had the highest humorous comments were UAE (100%), Oman
(95.0%), Libya (75.0%). Sarcastic comments were the highest in Sudan (20%), and Tunisia
(16.7%). Countries that had the highest number of opinion comments were Senegal (40%),

UK (29.7%), and Egypt (23.1%). Countries that had the highest number of serious com-
ments were Sweden (90.9%), USA (61.3%), and Thailand (58.8%). The difference in the

comments’ tone was statistically significant (p <0.001) (Table 3).

Table 3. Country-Tone in Facebook.

Facebook Humorous Sarcastic Opinion Serious
(n=4897) (n=1927) (n=190) (n=616) (n=2164) b
Brazil 269 (46.2) 23 (4.0) 31 (5.3) 259 (44.5)
Egypt 180 (49.6) 28 (7.7) 84 (23.1) 71 (19.6)
Germany 96 (27.60) 13 (3.7) 73 (21.0) 166 (47.7)
Iraq 53 (69.7) 9 (11.8) 14 (18.4) 0 (0.0)
Jordan 19 (32.2) 4 (6.8) 22 (37.3) 14 (23.7)
Kuwait 14(60.9) 0(0.0) 1(4.3) 8 (34.8)
Libya 15 (75.0) 0 (0.0) 4 (20.0) 1(5.0)
Malaysia 164 (53.4) 20 (6.5) 12 (3.9) 111 (36.2)
Mexico 38 (35.8) 7 (6.6) 26 (25.4) 35 (33.0)
Myanmar 50 (50.0) 4 (4.0) 8 (8.0) 38 (38.0)
Oman 19 (95.0) 0 (0.0) 0 (0.0) 1(5.0)
Country Palestine 16 (35.6) 1(2.2) 4 (8.9) 24 (53.3) <0.001
Portugal 43 (69.3) 1 (1.6) 9(14.3) 10 (15.9)
Saudi Arabia 215 (62.7) 5(1.5) 9 (2.6) 114 (33.2)
Senegal 1(20.0) 0 (0.0) 2 (40.0) 2 (40.0)
Sudan 5 (50.0) 2(20.0) 3 (30.0) 0 (0.0
Sweden 4(7.3) 1(1.8) 0(0.0) 50 (90.9)
Thailand 31 (35.6) 4 (4.6) 1(1.1) 51 (58.6)
Tunisia 22 (61.1) 6 (16.7) 6 (16.7) 2(5.6)
UAE 92 (100.0) 0 (0.0) 0 (0.0 0 (0.0
UK 105 (39.0) 17 (6.3) 80 (29.7) 67 (24.9)
USA 429 (24.7) 38 (2.2) 205 (11.8) 1066 (61.3)
Morocco 47 (31.3) 7 (4.7) 22 (14.7) 74 (49.3)
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Twitter Humorous Sarcastic Opinion Serious
(n = 46) (n=167)  (m=317)  (n=435) P
Brazil 35 (13.3) 11 (4.2) 191 (723)  27(102)
Egypt 0(0.0) 2 (11.1) 3(16.7) 13 (72.2)
Germany 0(0.0) 14 (35.0) 9 (22.5) 17 (42.5)
Kuwait 0(0.0) 1(20.0) 3 (60.0) 1(20.0)
Lebanon 0(0.0) 1(7.7) 11 (84.6) 1(7.7)
Oman 0 (0.0) 0 (0.0) 7 (100.0) 0(0.0)
Country Portugal 0(0.0) 0(0.0) 3 (100.0) 0(0.0) <0.001
Saudi Arabia 0(0.0) 6 (14.3) 17 (40.5) 19 (45.2)
Sudan 0(0.0) 0 (0.0) 1(100.0) 0(0.0)
UAE * 0(0.0) 0 (0.0) 5 (100.0) 0(0.0)
UK * 8 (6.2) 38 (29.5) 68 (52.7) 15 (11.6)
USA * 3(0.7) 94 (21.5) 117(267) 224 (51.1)

Test statistics: Monte Carlo (x2=1073, df = 66), Test statistics: Monte Carlo (x?= 339, df = 33), * UAE:
United arab of emirates; UK: United Kingdom; USA: United States of America.

Twitter

Brazil had the highest humorous tone of comments (13.3%). Germany had the highest
sarcastic tone (35.0%). Oman, Portugal, Sudan, and UAE had the highest number of opin-
ion- tone (100%) for each. The highest serious tone was reported in Egypt (72.2%).

3.3.2. On the Continental Level

Facebook: Serious comments were the highest in Asia 58.4% (673/1152), Africa 46.2%
(270/584), South America 46.2% (269/582), followed by Europe 33.7% (248/735), and North
America 25.3% (467/1844). Humorous comments were the greatest in Africa 43/584 (7.4%),
Europe 32/735 (4.4%), followed by Asia 47/1152 (7.2%), South America 23/582 (4.0), and
North America 45/1884 (2.4%). Sarcastic comments were 22.0% (162/735) of comments
from Europe, 20.7% (121/584) of comments from Africa, 12.5% (231/1844) of comments
from North America, 6.2% (71/1152) of comments from Asia, and 5.3% (31/582) of com-
ments from South America. Opinion comments were highest in North America 59.7%
(1101/1844), then South America 44.5% (259/582), Europe 39.9% (5293/735), Asia 31.3%
(361/1152), and finally Africa 25.7% (150/584). The difference between the continents re-
garding the tone of the comments was statistically significant (p < 0.001) (Table 4).

Twitter: the highest proportion of serious comments was observed in Asia 59.7%
(42/72), followed by Europe 46.5% (80/172). South America had the highest proportion of
humorous comments 13.4% (35/264) followed by Europe 4.7 (8/172). Europe and North
America had the highest sarcastic comments (30.2% and 21.5%, respectively). Africa re-
ported the highest proportion of opinion comments 68.4% (13/19) followed by North
America 51.1% (224/438) (Table 4).

Table 5 showed that there was a significant correlation between tone of the comment
and comment position.
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Table 4. Continents tone to COVID-19 vaccination in Facebook and Twitter.
Facebook Total Serious Humorous Sarcastic Opinion .
(n =4897) (n=1927) (n=190) (n =616) (n=2164)
Africa 584 270 (46.2) 43 (7.4) 121 (20.7) 150 (25.7)
Asia 1152 673 (58.4) 47 (4.1) 71 (6.2) 361 (31.3)
Continents Europe 735 248 (33.7) 32 (4.4) 162 (22.0) 293 (39.9) <0.001
North America 1844 467 (25.3) 45 (2.4) 231 (12.5) 1101 (59.7)
South America 582 269 (46.2) 23 (4.0) 31 (5.3) 259 (44.5)
Comment Tone
Twitter Total Serious Humorous  Sarcastic Opinion p
(n = 965) (n=435) (n=46) (n=167) (n=317)
Africa 19 4 (21.1) 0 (0.0 2 (10.5) 13 (68.4)
Asia 72 43 (59.7) 0(0.0) 8 (11.1) 21 (29.2)
Continents Europe 172 80 (46.5) 8 (4.7) 52 (30.2) 32 (18.6) p <0.001
North America 438 117 (26.7) 3(0.7) 94 (21.5) 224 (51.1)
South America 264 191 (72.3) 35 (13.3) 11 (4.2) 27 (10.2)
Test statistics: Chi Square (x2 = 584, df = 12), Test statistics: Chi square (x2=295, df = 12).
Table 5. Overall relation between comment tone and comment position.
Comment Tone
Serious Humorous Sarcastic Opinion P
With 1275 (53.7) 76 (3.2) 97 (4.1) 927 (39.0)
Comment Position Against 732 (27.7) 119 (4.5) 592 (22.4) 1196 (45.3 p<0.001
Neutral 355 (41.9) 41 (4.8) 94 (11.1) 358 (42.2)

Test statistics: Chi square (x?=547, df = 6).

4. Discussion

Social media is an essential tool that enables health care specialists to share infor-
mation, connect with the public, and interact with patients, students, and colleagues [31].
It also permits individuals to share information and ideas. Many organizations use social
media to disclose important updates on different situations. While it provides extraordi-
nary capability for the public to communicate, social media has also been a major factor
in the ascent of sentiments and opinions that are damaging to public health, especially
amid the COVID-19 pandemic. Rapid and wide vaccination all over the world is manda-
tory to control the pandemic, support reopening plans, save healthcare systems and econ-
omies, and avoid a disconnect between countries [32]. However, rumors and misinfor-
mation about COVID-19 vaccines have spread widely over social media platforms. Glob-
ally, this spread of misinformation has greatly affected population attitudes towards vac-
cination and has increased VH among social media users worldwide so that understand-
ing VH via the perspective of social media is critical [33,34].

This study analyzed 5862 social media comments in 24 countries from five continents
around the world, with ten different languages included in this analysis. The study de-
scribed the tone of the comments (serious, humorous, sarcastic, or opinion) in these coun-
tries as well as the position of the comments (with vaccination, against vaccination, or
neutral) towards COVID-19 vaccination. There was a significant difference between coun-
tries and continents regarding the tone and the position of the comments. Moreover, there
was a significant association between the tone and the position of the comment.

Overall rejection of COVID-19 vaccines among social media users’ comments was
41.3% (43.4% in Facebook 77.4% in Twitter). The highest rejection was among social media
users from North America. Rejection rates exceeded 60% of comments from Jordan, USA,
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UK, and Sudan, while it was less than 10% among comments from UAE, Myanmar, Thai-
land, Lebanon, and Oman all of which are Asian countries. Acceptance rates were more
than 50% among comments from Lebanon, Saudi Arabia, UAE, Libya, Brazil, Kuwait, and
Portugal. More than 50% of comments from Oman and Mexico were neutral. It is well
established that COVID-19 vaccine acceptance and rejection across countries and conti-
nents may be attributed to different factors including trust in health authority, level of
country income, vaccine availability, trust in vaccine effectiveness and side effects, and
conspiracy theory [35,36]. The same point was addressed by Nuzhath et al. [37] who re-
cently published a study on COVID-19 tweets posted in English during November 2020.
They found that tweets against COVID19 vaccination were greater than positive tweets.
Griffith et al. [38] addressed causes of VH among tweets from Canada. The social media
users’ concerns were mainly about safety, importance, mistrust towards the medical in-
dustry, and suspicion about economic forces. The phenomenon of high rejection rates
among social media users is an alarming sign. As anti-vaccine propaganda is widely dis-
seminated on social media, early research has shown that exposure to such information
may directly alter vaccination beliefs and lead to downstream VH [39—41]. In fact, certain
users, such as those with cognitive disability, older age, lower literacy, and less digital
literacy, have been shown to be more sensitive to these narrative emotional appeals on
social media [42]. Prior to being exposed to social media information, users’ basic personal
values and prejudices, such as ethno-cultural, religious, or political convictions, may affect
their response to such messages [43]. For instance, the pandemic and COVID-19 vaccina-
tion have impacted people’s religious behaviors as attending in religious places with
crowds and gatherings. The application of vaccine mandates decreased the attendance in
religious places, with lack of trust in the experts and stories of human rights’ violations,
that negatively affected people’s attitudes towards the vaccine [44].

It is worthy to note that coverage of COVID-19 vaccination is still low in many coun-
tries with high acceptance rates to the vaccines among social media users. However, many
countries that have shown higher refusal rates have reached high rates of vaccination cov-
erage. This may be due to vaccine inequity, in which there is an unequal distribution of
COVID-19 vaccine availability internationally [24]. This inequity in vaccine distribution
can endanger the world and can compromise vaccines effectiveness due to the increased
risk for the development of different variants [25].

We speculate that most of the comments against vaccination were because of safety
issues, questions on long-term complications, mistrust with global health organizations,
disbeliefs, and rumors that had already been proliferated throughout different social me-
dia platforms, such as the belief that COVID-19 is a mild or even a non-existent disease.
As a result, it is critical that all stakeholders participating in the COVID-19 immunization
program recognize the detrimental impact of infodemic and disinformation on these ef-
forts and actively work to counteract them [34,45]. In this case, key stakeholders include
research scientists involved in vaccine development, pharmaceutical companies manufac-
turing these vaccines, health care professionals administering vaccines, public health ex-
perts, ministries, and departments of health in charge of funding and monitoring vaccina-
tion programs, electronic and print media, and the community itself. To make this world-
wide immunization program a success, they must all coordinate and collaborate [46].

Currently, Facebook users may utilize seven reactions (‘like’, ‘love’, ‘care’, ‘wow’,
‘angry’, ‘sad’, "ha-ha’) to respond to postings using emoticons. A vast number of possible
replies is a relatively recent phenomena, first appearing on Facebook in 2016. So far, there
haven’t been many articles that investigate how people interact with these dynamic re-
plies. In this study emotions were used to assess tone of comments toward vaccination.
We linked the tone of the comment with the position toward vaccination. The comments
with more serious tones lean towards vaccine acceptance while the opinionated com-
ments lean towards vaccine rejection. On the other hand, Wawrzuta et al. [47] analyzed
Facebook comments related to the different events related to COVID-19 vaccination; (vac-
cine introduction, announcements of vaccine efficacy, vaccines registration, and the first
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vaccination in Poland). They noticed that, while the comments were mostly negative, the
reactions were positive. This highlights the importance of spreading the scientific facts
about the danger of COVID-19 on persons and communities, as well as prioritizing mis-
conceptions about COVID-19 vaccines to increase COVID-19 vaccination acceptance [45].

Based on the total number of data collected from Facebook and twitter, the most fre-
quent tone was opinion, (2164/4897 and 317/965, respectively). Similarly, Lyu et al. [48]
found that opinion was the most tweeted issue and remained a hotly debated topic for the
length of the study. This may reflect the positive attitude of the population to combat the
spread of the pandemic and their desire to return to normal life.

Strength and Limitations

To the best of our knowledge, this study is the first to address the COVID-19 VH
worldwide through content analysis. Researchers included different countries with vari-
able cultures and different socioeconomic statuses. Another strength of our study was that
we collected data from two different social media platforms (Twitter and Facebook). The
main limitation was that some a big country such as China was not included in the study
as the Chinese do not use social media such as Facebook and Twitter. Another limitation
was that countries were selected based on data collector’s availability, which was im-
portant to ensure that data collectors were familiar with the cultural context of the studied
countries so that we cannot generalize our findings on global level. Finally, the opinion of
social network users does not necessarily reflect the opinion of people in a country, and
that user may vary greatly in their characteristics from one country to another, with which
the results would not be directly comparable.

5. Conclusions

Qualitative analysis could be an important avenue for future work to explore in order
to acquire more insight on the themes that shape users’ interaction about COVID-19 vac-
cination and identify infodemics Analysis of comments on COVID-19 vaccination in dif-
ferent social media revealed significant differences of respondents’ attitude toward vac-
cination. The overall vaccine acceptance in social media is relatively low and varied across
the studied countries and continents. Moreover, the tone of the comments on social media
reflected the position towards COVID-19 vaccination. Health authorities should continu-
ously provide health education and information to citizen through social media channels.
In fact, our anti-vaccine codebook can assist public health professionals in better under-
standing social media content. Early identification of societal doubts enables focused com-
munication initiatives. Furthermore, our codebook can be used in future analyses by re-
searchers and public health professionals who are monitoring society’s reaction to the
COVID-19 vaccination. Consequently, more in-depth studies are required to address
causes of such VH and combat infodemics that may affect the position toward vaccination.

Author Contributions: Conceptualization, RM.G. and R.S.; methodology, RM.G., R.S. and F.E;
formal analysis, RM.G., R.S.; data curation, All Authors; writing—original draft preparation, R.S.,
R.M.G,, F.E. and A K,; writing—review and editing, F.E. and Z.E.-K; visualization, R.M.G.; super-
vision, A.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not Applicable.
Informed Consent Statement: Not Applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Int. |. Environ. Res. Public Health 2022, 19, 5737 13 of 14

References

1.

10.
11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

World Health Organization. WHO Director-General’s opening remarks at the media briefing on COVID-19—11 March 2020.
Available online: https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-me-
dia-briefing-on-covid-19---11-march-2020 (accessed on 25 March 2021).

World Health Organization. WHO Coronavirus (COVID-19) Dashboard with Vaccination Data. Available online:
https://covid19.who.int/ (accessed on 25 March 2021).

Asem, N.; Ramadan, A.; Hassany, M.; Ghazy, R.M.; Abdallah, M.; Ibrahim, M.; Gamal, E.M.; Hassan, S.; Kamal, N.; Zaid, H.
Pattern and determinants of COVID-19 infection and mortality across countries: An ecological study. Heliyon 2021, 7, e07504.
Hassaan, M.A.; Abdelwahab, R.G; Elbarky, T.A.; Ghazy, R.M. GIS-Based Analysis Framework to Identify the Determinants of
COVID-19 Incidence and Fatality in Africa. J. Prim. Care Community Health 2021, 12, 21501327211041208.
https://doi.org/10.1177/21501327211041208.

Abbasi, J. Younger adults caught in COVID-19 crosshairs as demographics shift. JAMA 2020, 324, 2141-2143.

Lenzen, M.; Li, M.; Malik, A.; Pomponi, F.; Sun, Y.-Y.; Wiedmann, T.; Faturay, F.; Fry, J.; Gallego, B.; Geschke, A. Global socio-
economic losses and environmental gains from the Coronavirus pandemic. PLoS ONE 2020, 15, e0235654.

Bundgaard, H.; Bundgaard, ].S.; Raaschou-Pedersen, D.E.T.; von Buchwald, C.; Todsen, T.; Norsk, J.B.; Pries-Heje, M.M.;
Vissing, C.R.; Nielsen, P.B.; Winslew, U.C.; et al. Effectiveness of Adding a Mask Recommendation to Other Public Health
Measures to Prevent SARS-CoV-2 Infection in Danish Mask Wearers: A Randomized Controlled Trial. Ann. Intern. Med. 2021,
174, 335-343. https://doi.org/10.7326/m20-6817.

Aschwanden, C. The false promise of herd immunity for COVID-19. Nature 2020, 587, 26-28.

Howard, J.; Huang, A.; Li, Z.; Tufekci, Z.; Zdimal, V.; van der Westhuizen, H.-M.; von Delft, A.; Price, A.; Fridman, L.; Tang, L.-
H. An evidence review of face masks against COVID-19. Proc. Natl. Acad. Sci. USA 2021, 118, e2014564118.

Ghazy, R.M.; Taha, S H.N.; Elhadi, Y.A.M. Letter from Egypt. Respirology 2022, 27, 242-244.

Talic, S.; Shah, S.; Wild, H.; Gasevic, D.; Maharaj, A.; Ademi, Z,; Li, X.; Xu, W.; Mesa-Eguiagaray, I.; Rostron, J. Effectiveness of
public health measures in reducing the incidence of covid-19, SARS-CoV-2 transmission, and covid-19 mortality: Systematic
review and meta-analysis. BM]J 2021, 375, e068302.

Abdou, M.S,; Kheirallah, K.A.; Aly, M.O.; Ramadan, A.; Elhadi, Y.A.M.; Elbarazi, I.; Deghidy, E.A.; El Saeh, H.M.; Salem, K.M.;
Ghazy, R.M. The coronavirus disease 2019 (COVID-19) vaccination psychological antecedent assessment using the Arabic 5¢c
validated tool: An online survey in 13 Arab countries. PLoS ONE 2021, 16, e0260321. https://doi.org/10.1371/jour-
nal.pone.0260321.

World Health Organization. Ten Threats to Global Health in 2019. Available online: https://www.who.int/news-room/spot-
light/ten-threats-to-global-health-in-2019 (accessed on 25 March 2021).

Ghazy, RM.; Abd ElHafeez, S.; Shaaban, R.; Elbarazi, I.; Abdou, M.S.; Ramadan, A.; Kheirallah, K.A. Determining the Cutoff
Points of the 5C Scale for Assessment of COVID-19 Vaccines Psychological Antecedents among the Arab Population: A Multi-
national Study. J. Prim. Care Community Health 2021, 12, 21501327211018568. https://doi.org/10.1177/21501327211018568.
Schuster, M.; Eskola, J.; Duclos, P. Review of vaccine hesitancy: Rationale, remit and methods. Vaccine 2015, 33, 4157-4160.
Abd ElHafeez, S.; Elbarazi, I.; Shaaban, R.; EIMakhzangy, R.; Ossama Aly, M.; Alnagar, A.; Yacoub, M.; El Saeh, H.M.; Eltaweel,
N.; Alqutub, S.T.; et al. Arabic validation and cross-cultural adaptation of the 5C scale for assessment of COVID-19 vaccines
psychological antecedents. PLoS ONE 2021, 16, €0254595. https://doi.org/10.1371/journal.pone.0254595.

Our World in Data. Coronavirus (COVID-19) Vaccinations. Available online: https://ourworldindata.org/covid-vaccinations
(accessed on 25 March 2021).

Ghazy, RM.; Ashmawy, R.; Hamdy, N.A; Elhadi, Y.A.M.; Reyad, O.A.; Elmalawany, D.; Almaghraby, A.; Shaaban, R.; Taha,
S.H.N. Efficacy and Effectiveness of SARS-CoV-2 Vaccines: A Systematic Review and Meta-Analysis. Vaccines 2022, 10, 350.
Ashmawy, R.; Hamdy, N.A,; Elhadi, Y.A.M.; Alqutub, S.T.; Esmail, O.F.; Abdou, M.S.M.; Reyad, O.A.; El-ganainy, S.0.; Gad,
B.K.; Nour El-Deen, A.E.-S; et al. A Meta-Analysis on the Safety and Immunogenicity of Covid-19 Vaccines. . Prim. Care Com-
munity Health 2022, 13, 21501319221089255. https://doi.org/10.1177/21501319221089255.

Andrews, N.; Tessier, E.; Stowe, J.; Gower, C.; Kirsebom, F.; Simmons, R.; Gallagher, E.; Thelwall, S.; Groves, N.; Dabrera, G.
Duration of Protection against Mild and Severe Disease by Covid-19 Vaccines. New Engl. ]. Med. 2022, 386, 340-350.

Scobie, H.M.; Johnson, A.G.; Suthar, A.B.; Severson, R.; Alden, N.B.; Balter, S.; Bertolino, D.; Blythe, D.; Brady, S.; Cadwell, B.
Monitoring incidence of COVID-19 cases, hospitalizations, and deaths, by vaccination status—13 US jurisdictions, April 4-July
17, 2021. Morb. Mortal. Wkly. Rep. 2021, 70, 1284.

Bullock, J.; Lane, J.E.; Shults, F.L. What causes COVID-19 vaccine hesitancy? Ignorance and the lack of bliss in the United King-
dom. Humanit. Soc. Sci. Commun. 2022, 9, 1-7.

Dhama, K.; Sharun, K; Tiwari, R.; Dhawan, M.; Emran, T.B.; Rabaan, A.A.; Alhumaid, S. COVID-19 vaccine hesitancy-reasons
and solutions to achieve a successful global vaccination campaign to tackle the ongoing pandemic. Hum. Vaccines Immunother.
2021, 17, 3495-3499.

Pool, ].; Fatehi, F.; Akhlaghpour, S. Infodemic, misinformation and disinformation in pandemics: Scientific landscape and the
road ahead for public health informatics research. In Public Health and Informatics; IOS Press: Amsterdam, The Netherlands,
2021; pp. 764-768.

Ball, P.; Maxmen, A. The epic battle against coronavirus misinformation and conspiracy theories. Nature 2020, 581, 371-375.



Int. |. Environ. Res. Public Health 2022, 19, 5737 14 of 14

26.
27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Siddiquea, B.N.; Shetty, A.; Bhattacharya, O.; Afroz, A.; Billah, B. Global epidemiology of COVID-19 knowledge, attitude and
practice: A systematic review and meta-analysis. BM] Open 2021, 11, e051447.

Coe, K.; Scacco, ].M. Content Analysis, Quantitative. In The International Encyclopedia of Communication Research Methods; pp. 1-
11.

Statista. The Statistics Portal for Market Data, Market Research and Market Studies. Available online: https://www.statista.com
(accessed on 25 March 2021).

Cole, F.L. Content analysis: Process and application. Clin. Nurse Spec. 1988, 2, 53-57.

Riff, D.; Lacy, S.; Fico, F. Analyzing Media Messages: Using Quantitative Content Analysis in Research; Routledge: London, UK, 2014.
Ventola, C.L. Social media and health care professionals: Benefits, risks, and best practices. Pharm. Ther. 2014, 39, 491.
Aschwanden, C. Five reasons why COVID herd immunity is probably impossible. Nature 2021, 591, 520-522.

Germani, F.; Biller-Andorno, N. The anti-vaccination infodemic on social media: A behavioral analysis. PLoS ONE 2021, 16,
e0247642.

Muric, G.; Wu, Y.; Ferrara, E. COVID-19 Vaccine Hesitancy on Social Media: Building a Public Twitter Data Set of Antivaccine
Content, Vaccine Misinformation, and Conspiracies. JMIR Public Health Surveill. 2021, 7, e30642.

Bono, S.A.; Faria de Moura Villela, E.; Siau, C.S.; Chen, W.S.; Pengpid, S.; Hasan, M.T.; Sessou, P.; Ditekemena, J.D.; Amodan,
B.O.; Hosseinipour, M.C.; et al. Factors Affecting COVID-19 Vaccine Acceptance: An International Survey among Low- and
Middle-Income Countries. Vaccines 2021, 9, 515. https://doi.org/10.3390/vaccines9050515.

Roy, D.N.; Biswas, M.; Islam, E.; Azam, M.S. Potential factors influencing COVID-19 vaccine acceptance and hesitancy: A sys-
tematic review. PLoS ONE 2022, 17, €0265496.

Nuzhath, T.; Tasnim, S.; Sanjwal, RK.; Trisha, N.F.; Rahman, M.; Mahmud, S.F.; Arman, A.; Chakraborty, S.; Hossain, M.M.
COVID-19 vaccination hesitancy, misinformation and conspiracy theories on social media: A content analysis of Twitter data.
SocArXiv 2020, 7, 11. https://doi.org/10.31235/osf.io/vc9jb.

Griffith, J.; Marani, H.; Monkman, H. COVID-19 vaccine hesitancy in Canada: Content analysis of tweets using the theoretical
domains framework. J. Med. Internet Res. 2021, 23, e26874.

Meleo-Erwin, Z.; Basch, C.; MacLean, S.A.; Scheibner, C.; Cadorett, V. “To each his own”: Discussions of vaccine decision-
making in top parenting blogs. Hum. Vaccines Immunother. 2017, 13, 1895-1901.

Oehler, R.L. On measles, vaccination, social media activism, and how to win back our role as our patients’ best advocates. Clin.
Infect. Dis. 2020, 70, 338-340.

Ortiz, R.R.; Smith, A.; Coyne-Beasley, T. A systematic literature review to examine the potential for social media to impact HPV
vaccine uptake and awareness, knowledge, and attitudes about HPV and HPV vaccination. Hum. Vaccines Immunother. 2019, 15,
1465-1475.

Callender, D. Vaccine hesitancy: More than a movement. Hum. Vaccines Immunother. 2016, 12, 2464-2468.

Jones, A.M.; Omer, S.B.; Bednarczyk, R.A.; Halsey, N.A.; Moulton, L.H.; Salmon, D.A. Parents” source of vaccine information
and impact on vaccine attitudes, beliefs, and nonmedical exemptions. Adv. Prev. Med. 2012, 2012, 932741.

Jones, D.G. Religious Concerns about COVID-19 Vaccines: From Abortion to Religious Freedom. J. Relig. Health 2022, 1-20.
https://doi.org/10.1007/s10943-022-01557-x.

Elbarazi, I.; Saddik, B.; Grivna, M.; Aziz, F.; Elsori, D.; Stip, E.; Bendak, E. The Impact of the COVID-19 “Infodemic” on Well-
Being: A Cross-Sectional Study. J. Multidiscip. Healthc. 2022, 15, 289.

Farooq, F.; Rathore, F.A. COVID-19 Vaccination and the Challenge of Infodemic and Disinformation. J. Korean Med. Sci. 2021,
36, e78. https://doi.org/10.3346/jkms.2021.36.e78.

Wawrzuta, D.; Jaworski, M.; Gotlib, J.; Panczyk, M. What Arguments against COVID-19 Vaccines Run on Facebook in Poland:
Content Analysis of Comments. Vaccines 2021, 9, 481. https://doi.org/10.3390/vaccines9050481.

Lyu, J.C.; Han, E.L.; Luli, GK. COVID-19 Vaccine-Related Discussion on Twitter: Topic Modeling and Sentiment Analysis. J.
Med. Internet Res. 2021, 23, e24435. https://doi.org/10.2196/24435.



