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Abstract

Objectives: Gut microbiota and dyshiosis are closely related to the occurrence and development of various diseases. It is
necessary to popularize gut microbiota-related knowledge to the public. And the instant messaging client on smartphones
supplies a perfect tool to achieve this goal. Hence, we will describe the current status of gut microbiota education spread by
WeChat official accounts.

Methods: The keywords of “gut microbiota,” “fecal microbiota transplantation (FMT),” and “probiotics” were searched in the
articles published from January 2015 to August 2020 on the WeChat official accounts. And the data were analyzed based on
the 10 common gut dyshiosis-related diseases.

Results: A total of 3061 WeChat official accounts have published 11,239 articles on gut microbiota dysbiosis-related diseases,
with a rising trend in the total article numbers and the total pageviews. The keywords of “gut microbiota” dominate 50.61%,
and the articles on inflammatory bowel disease had the largest proportion. Additionally, articles on the keyword “gut micro-
biota” also included cancer and obesity, articles on the keyword “FMT” mainly consist of Clostridium difficile infection and
psychological disease, and the keyword “probiotics” was mainly related to obesity and irritable bowel syndrome disease.
The top three total pageviews were on inflammatory bowel disease, obesity, and cancer.

Conclusion: This study indicates the current research hotspots and public concerns on the gut microbiota, and WeChat as an
instant messaging client plays an important role in promoting the scientific popularization of gut microbiota.
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Introduction

Gut microbiota has become one of the research hotspots in
recent years and has attracted increasing attention in
science, health care, and public fields. Gut microbiota dys-
biosis caused by diet, environment, antibiotic use, and
infection plays an important role in the pathophysiology
of various diseases, including inflammatory bowel disease
(IBD), Clostridium difficile infection (CDI), irritable
bowel syndrome (IBS), psychological disease, nervous
system disease, hepatic disease, cardiovascular disease
(CVD), cancer, diabetes, and obesity.“‘ Probiotics and
fecal microbiota transplantation (FMT) are used for gut dys-
biosis related-diseases by reconstructing the composition
and function of gut microbiota.* FMT has shown an effect-
ive role in the treatment of recurrent CDL°> ulcerative
colitis,® Crohn’s disease,’ hepatic diseases,® psychological
diseases,9 and nervous system diseases.'® As the research
field expands, the studies and the utilization concerning
FMT and probiotics are increasing widely.'' However,
FMT was still novel and unfamiliar to the public,lz_14
though the washed microbiota transplantation'® as Nanjing
consensus recommended methodology of FMT in 2019'°
has been widely used to replace the manual FMT in China.
Instant Messaging client provides a new pathway of
medical education on gut microbiota and its related inter-
vention strategies for the public.

With the boom of the Internet and smartphones, the push
of medical-related information and health care services
through mobile phone applications is sharply increas-
ing."”° One of the most popular smartphone applications
in China is WeChat, a free application that provides sending
text, voice, videos, photos subscription, and other func-
tions.?! As of December 2020, the combined number of
monthly active users of WeChat grew to 1.225 billion, up
5% year on year.”> WeChat has been used as a medium
to change lifestyles, showing potential positive effects on
public medical education and management of diseases.”* >’
Almost 50% of WeChat users follow between 10 and 20
official accounts as per the latest data, over 80% of
WeChat users access official accounts, and more than half
of them spend 10-30 min of this on browsing official
accounts.”” The WeChat official accounts (WOAs)
(https:/en.wikipedia.org/wiki/WeChat) are used by indivi-
duals, media, enterprises, governments, or other organiza-
tions. It provides a new way of information dissemination
for the public, including knowledge and other information
about gut microbiota, FMT, and probiotics. The main func-
tion of WOAs is to convey information to users on the
WeChat side which is similar to newspapers, magazines,
as well as “Facebook Instant Articles.” Our study aimed
to provide evidence to evaluate public interest in gut micro-
biota dysbiosis-related diseases and treatment strategies
through the instant messaging client, which could drive
researchers to grasp the trend of efforts more accurately.

Methods
Study design and data collection

A retrospective study was conducted to evaluate the public
interest in microbiota-related topics in China. We searched
WOA articles by the keywords “FMT,” “gut microbiota,”
and “probiotics” and 10 gut dysbiosis-related diseases
between January 2015 and August 2020. The 10 diseases
included IBD, cancer, obesity, psychological disease, IBS,
diabetes mellitus, CDI, hepatic diseases, nervous system
diseases, and cardiovascular diseases. The keywords and
articles were in Chinese. We recoded the code of the official
account (some WOAs had their English IDs while others
were translated), the type of disease, the page views, the
number of “Wows,” the type of article, the form of article,
the push time, and relevance to the keywords. Articles
were distributed into six groups, including article interpret-
ation, popular science, report, promotion, recruitment, and
others (Table 1).

Statistical analysis

For each article, we coded the categorical data in the fea-
tures frame. The element in the type of article and the
type of disease were coded in order. The relevance to the
keyword was transformed into dichotomous variables in
form of an article. Next, the pageviews, the types of articles,
and the types of diseases of every year were described. We
then investigated associations between the features of the
articles and readers’ participation. Correlation and multi-
variate regression analysis between the pageviews and the
number of articles, the push time, the keywords, the type
of disease, and the number of “Wows” were conducted.
A nonparametric test was used to compare groups on the
pageviews and keywords under different diseases, and a
chi-square test was used to compare groups on pageviews
and article types under different diseases. SPSS statistical
software (SPSS Inc., Chicago, USA) was used for the stat-
istical analysis, and P < 0.05 was considered as the statistic-
ally significant level.

Results

Trends change in the concern of gut
microbiota-related diseases

In recent 5 years, the number of articles related to the 10 dis-
eases (see study design) published by WOAs were on a
steady rise (N=11,239, Figure 1). Articles related to IBD
accounted for the highest percentage every year, with a
total of 23.60% (2652/11,239) over the past 5 years.
Beyond this, IBD-related articles dominated keywords of
gut microbiota, FMT, and probiotics. The following were
cancer, diabetes, CDI, psychological disease, IBS, obesity,
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Table 1. Features frame with definitions.

Official account The WeChat official account that the article comes from
Pageview The amounts of readings of the articles
Wow The article has been liked and was pushed to the relevant location where the WeChat users could see their

friends’ recommendations
Push time The time when the article was published
Keyword Gut microbiota, fecal microbiota transplantation and probiotics
Type of article

Article interpretation Articles including interpretation and analysis of articles or studies

Popular science Articles including popular science knowledge

Report Articles including character interviews, case reports, news, and conference reports
Promotion Articles including business, lectures, conference information, etc.

Recruitment Articles including information about donor or patient recruitment

Other Other types of articles

Form of article
Text only Articles containing text only or text and pictures
Text and videos Articles containing text and videos or text, pictures, and videos

Type of disease

1. 1BD Articles covering the diseases of inflammatory bowel disease (IBD)
2. CDI Articles covering the disease of Clostridium difficile infection (CDI)
3. IBS Articles covering the diseases of irritable bowel syndrome (IBS)
4, Psychological Articles covering the diseases of psychology

disease

5. Nervous system Articles covering the diseases of the nervous system

disease

6. Hepatic disease Articles covering the diseases of the liver

7. CVD Articles covering the diseases of cardiovascular

8. Cancer Articles covering the diseases of various cancers

9. Diabetes Articles covering the diseases of diabetes

10. Obesity Articles covering the diseases of obesity

Relevance to the keyword Whether the content of the article was relevant to the keywords and disease types
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Figure 1. Articles related to 10 gut dysbiosis related-diseases published on WeChat official account. (a) The total articles of 10 diseases
every year from 2015 to 2020.08. (b) The number of articles about each disease every year from 2015.01 to 2020.08. IBD: inflammatory
bowel disease; CDI: Clostridium difficile infection; IBS: irritable bowel syndrome; CVD: cardiovascular disease.

hepatic disease, nervous system disease, and CVD (Figure
1(a)). Compared with previous years, the number of articles
related to diabetes surged to second place in the first half of
2020, while that regarding IBS plummeted to ninth in the
first half of 2020. Although there was a certain increase in
the annual articles about hepatic diseases, nervous system
diseases, and CVD, they remained the diseases with the
lowest number of publications (Figure 1(b)). The number
of articles with the keywords of “gut microbiota” was the
most, accounting for 50.61% (5688/11,239), while “FMT”
and “probiotics” accounted for 22.41% (2519/11,239) and
26.98% (3032/11,239), respectively. Apart from IBD, the
total number of articles with regard to diseases and “gut
microbiota” were mainly cancer (13.92%) and obesity
(10.81%) in recent years. When it comes to “FMT,” the
number of articles on CDI ranked second every year, totally
accounting for 18.66% (470/2519). The attention on psycho-
logical diseases and cancer treated by FMT exceeded other
diseases year by year, and the total number of articles
ranked third and fourth. As for the keyword “probiotics,”
the articles from 2015 to 2020 were mainly about IBD, dia-
betes, IBS, and Cancer. In 2020, articles on diabetes increased
by 5.7 times compared with last year, surpassing IBD to
become the first (Figure S1).

Pageviews reflected the increasing attention
on dysbiosis-related diseases
From 2015 to 2020, the total pageviews of articles related

to the above 10 diseases reported by WOAs showed
an upward trend year by year. The articles on IBD

(N=5,865,235), obesity (N =5,698,742), cancer (N =15,222,583)
ranked the top three in terms of total pageviews. On
average, the top three pageviews of each article were
about obesity (N=5986.07), nervous system diseases
(N=4373.33), and psychological diseases (N=4151.41).
Pageviews of IBD-related articles have ranked first on
“FMT” and “probiotics” over the past 5 years. Although the
total pageviews of IBD-related articles were the largest, the
number of articles was also large, so the average pageviews
of each article were the least (Figure 2(a)). Each year, the
total pageviews of obesity on the three keywords ranked
top five. The average pageviews of obesity-related articles
on “FMT” and “gut microbiota” were in the first place
respectively, and the “probiotics” was in the second place
(Figure 2). In addition to 2017, articles with three keywords
and psychological disease also ranked among the top five in
terms of total pageviews (Figure 2(a)). The pageviews of
CDI-related articles mainly focused on the keywords of
“FMT” and “gut microbiota,” and the average pageviews
among the three keywords were similar (Figure 2(b)).
Whether in total or in three keywords, total and average
pageviews of cancer were both in the top five since 2017
(Figure 2). CVD and nervous system disease-related articles
had lower pageviews, mainly focused on “gut microbiota”
and “probiotics.” Since 2018, the cumulative pageviews
of hepatic disease increased obviously, mainly focusing on
“gut microbiota” and “probiotics.” With regard to IBS, page-
views concentrated mainly on the keyword of “gut micro-
biota” and the average pageviews ranked second on the
keyword “FMT.” Average pageviews of diabetes-related
articles were mainly on the keywords of “FMT” (Figure 2(b)).
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Figure 2. Cumulative pageviews and pageviews per article. (a) Cumulative pageviews of articles related to each disease and average

pageviews per article from 2015.01 to 2020.08. (b) The total pageviews and the average pageviews of articles on keywords of “Gut

microbiota,” “FMT,” “Probiotics” from 2015 to 2020.08. CDI: Clostridium difficile infection; IBD: inflammatory bowel disease; IBS: irritable

bowel syndrome; CVD: cardiovascular disease; FMT: fecal microbiota transplantation.

We explored the factors that affected the cumulative
pageviews. Chi-square test and Kruskal-Wallis test were
used to compare the association between keywords and

pageviews (Supplemental Table 1). Compared with “pro-
biotics,” the public paid more attention to “FMT,” then fol-
lowed by “gut microbiota.” Hence, we conducted a Pearson
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Figure 3. Linear correlation analysis associated with cumulative pageviews. Push time, the length of statistical time from the time of

publication.

correlation analysis. The cumulative pageviews were posi-
tively correlated with the number of cumulative relevant
articles (r=0.85, P < 0.001) and the number of cumulative
“Wows” (r=0.68, P < 0.001), but negatively correlated
with the push time (r=-0.42, P <0.001) (Figure 3). A mul-
tiple linear regression analysis (R> = 0.580, F=48.008, P <
0.001) among the cumulative pageviews and the factors
was performed. The types of disease were coded in order,
and the positive regression coefficient between cumulative
pageviews and the type of disease indicated a potential
trend that the public paid more and more attention to paren-
teral diseases (Table 2).

WOAs with a large number of posts

From 2015 to 2020, a total of 3061 WOAs published articles
regarding “FMT,” “gut microbiota,” and “probiotics.” The top
five official accounts with the largest number of articles were

“Digestive World,” “Rexinchang Biotechnology Research
Institute,” “Medlive-Gastroenterology,” “Gut-Microbes-Health,”
and “Micro-ecology.” There were 23 WOAs with a total
of more than 50 posts (Figure 4(a)). Among the 948 official
accounts with the keyword of “FMT,” “Digestive World,”
“Gut- Health,” and “MedLive-Gastroenterology” reached
the highest number of posts, which were 90, 82, and 73,
respectively (Figure 4(b)). There were 2009 official accounts
concerning the keywords of “gut microbiota,” where
“Rexinchang Biotechnology Research Institute,” “Digestive
World,” and “Micro-ecology” had the largest number of
posts, with 159, 140, and 125, respectively (Figure 4(c)).
As for the keyword “probiotics,” 1496 official accounts have
published the related articles, of which “Medlive-
Gastroenterology,” “Observation Room of Jun-Qing,” and
“Digestive World” ranked top for 57, 55, and 55, respectively
(Figure 4(d)).
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Table 2. Multiple linear regression analysis associated with the
cumulative pageviews.

Type of disease  8177.113 1137.324-15216.902  0.023
Length of push  5597.401  —99911.487-76714.818  0.431
time
Keyword 5945.151 —179532.633-29842.935 0.624
Number of 2102.758 1702.564-2502.951  <0.001
relevant
articles per
year
Number of 29.398 5.790-53.005 0.015
“Wows” per
year

Length of push time, the length of statistical time from the time of
publication. The number of relevant articles per year, the cumulative number
of articles published in each year from January 2015 to August 2020. The
number of “Wows” per year, the cumulative number of “Wows” in each year
from 2015 to August 2020. P < 0.05 was considered statistically significant.
Keywords, gut microbiota, fecal microbiota transplantation, and probiotics.

Approximately 1028 (33.6%) official accounts have
published a total of 2652 (23.60%) IBD-related articles,
with the largest number of official accounts and the
largest total number of articles. The official accounts of
the top three posts were “Digestive World” (115 articles),
“Rexinchang Biotechnology Research Institute” (92 arti-
cles), and “IBD Academic Information Officer” (85 arti-

cles). While 202 official accounts have published
CVD-related articles, with the least number of official
accounts and the least total number of articles

(Supplemental Table 2).

Association between types of articles and keywords

Correlation between types of articles and keywords was
explored in this study (Table 3). On the one hand, the com-
position of types of articles among the three keywords was
generally different on the whole (P < 0.001, Fisher exact
test). Compared with “FMT” and “gut microbiota,”
popular science articles accounted for a high proportion
of “probiotics.” No matter which form of the disease, the
main composition of every keyword was the popular
science and the article interpretation. Although both
popular science and article interpretation occupied the
most in the articles related to three keywords. Besides,
“FMT” and “gut microbiota” had a larger percentage of
reports and recruitments while the number of promotion
of articles was relatively more in “probiotics.” Especially,

the types of articles on “probiotics” were more varied
than that on others.

On the other hand, the composition of types of articles
was also not identical for every type of disease. The articles
of popular science and interpretation were the major com-
position of each keyword in whichever type of disease.
Recruitment articles could be seen more in the IBS, IBD,
and nervous system diseases under the keyword “FMT.”
Although the articles of interpretation were less than the
articles of popular science in number, its composition in
“gut microbiota” was more than that in other keywords in
most of the diseases, such as diabetes, IBD, cancer,
hepatic diseases, and CVD.

Discussion

Bacterial genome sequencing has been widely applied, pro-
moting the rapid research growth of gut microbiota, FMT,
and probiotics since 2011, especially in recent 5 years.”*°
Messaging makes WeChat since 2011 in China a commonly
used daily application. There’s a common phenomenon
for Chinese people to obtain health-related knowledge
through WOAs. Researchers can send messages conveni-
ently through WeChat public and personal accounts to
convey information about the gut microbiota and disease,
such as “Cell” to push some findings to followers through
WOA. In our research, the pageviews of the articles pub-
lished by some official accounts were relatively large,
even as high as 1,000,000. These popular official accounts
can help researchers promote their research to a wider audi-
ence. This study is the first to explore the focus of public
attention on microbiota-related diseases and the author’s
promotion trend through WeChat. Our results showed that
in the past 5 years, the public had paid more and more atten-
tion to microbiota-related diseases, among which there were
the most articles on the keyword of “gut microbiota.” The
public showed the highest interest in the keyword of “gut
microbiota” and the diseases of IBD, obesity, and cancer.
Besides, IBD had the largest number of articles and the
total number of articles on each keyword. However, the
average amount of pageviews per article was the least.
Therefore, in this information world, the author should
not only convey health information but also need to
attract readers as much as possible. The high average page-
views per article and linear regression results suggested that
the public is increasingly concerned about the interaction
between microbiota and parenteral diseases. There were
fewer promotional types of articles on the keyword
“FMT” and more recruitments than other keywords, pos-
sibly because donors are an integral part of the FMT
process.>' As a relatively new measure for reconstructing
gut microbiota, FMT had received a similar number of arti-
cles and pageviews as probiotics. which can be seen that
people’s attention to FMT was high.
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Figure &. WeChat official accounts with a large number of posts on three keywords. (a) WOAs with a large total number of posts. (b) WOAs
with a large total number of posts on the keyword “Gut microbiota.” (c) WOAs with a large total number of posts on the keyword “FMT.”
(d) WOAs with a large total number of posts on the keyword “Probiotics.” WOAs: WeChat official accounts; FMT: fecal microbiota

transplantation.

Table 3. Types of articles.

FMT 1421 1267 309 102 154 91 50 21

Gut 3008 2920 319 203 76 42 84 33
microbiota

Probiotics 596 2280 63 437 17 0 121 7

An article on the WeChat official account could be composed of several forms. FMT, fecal microbiota transplantation.
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The number of “Wows” of articles related to 10 gut
dysbiosis-related diseases published by WOAs has
increased sharply since 2019, probably due to WeChat
launching the function in 2019. During the past 5 years,
the top five in the total “Wows” of the articles were CDI
(17,601), obesity (14,400), psychological diseases
(14,232), IBD (13,951), and cancer (12,486). On average,
the top five “Wows” per article were related to psycho-
logical disease (61.88), obesity (61.28), nervous system dis-
eases (43.07), cancer (39.14), and CVD (36.73). “Wow” is
not consistent with sharing functions completely, which
many people are not familiar with. In our opinion, this
data had some reference value but not as a reference as
the pageviews. It was positively correlated with pageviews
and promoted the spread of health information.

Strengths and limitations

The present study had several strengths. Our study was the
first to provide evidence to evaluate public interest in topics
on gut dysbiosis-related diseases and the promotion trend of
the editors of the WOAs. This study confirmed that the
WOA was an effective way to deliver information about
gut microbiota dysbiosis-related diseases and treatment
strategies. The factors affecting pageviews were analyzed,
which can be helpful to guide clinicians and medical scien-
tists to better popularize science.

This study had some limitations. First of all, the diseases
involved were not comprehensive enough. The gut micro-
biota also played an important role in the occurrence and
development of other diseases, such as aging,** kidney dis-
eases,33 and COVID-19.3%% Secondly, we were aimed at
WeChat users, not involving other social software informa-
tion. Other apps, such as Weibo, were also important ways
for people to obtain information in China.>® Thirdly, this
was a retrospective analysis, the WOAs users could push
feeds to subscribers and deleted them at any time, and the
numbers of pageviews and “Wows” of official account arti-
cles were dynamic, which caused the potential bias of the
data collection. Finally, more dimensions need to be used
to investigate the impact of the spread of disease-related
knowledge on the public through WOAs. For instance,
during the COVID-19 quarantine period, WeChat users
increased their use intensity. Except for spreading
disease-related knowledge, WeChat including WOAs also
relatively compensates for the damage to mental health
and life satisfaction caused by the lack of offline social
contact.”’~®

Conclusions

This study confirmed that the WOA was an effective way to
obtain information related to microbiota and diseases.
Researchers effectively used WeChat public accounts to
convey health messages and promote healthy behavior

changes. In the past few years, the public has grown on
interests in gut microbiota dysbiosis-related diseases,
which would help researchers to grasp the key information
of development trends.

Acknowledgments: The authors are grateful for the contributions
of all participants.

Author contributions: BC, XL, YL, SZ, and XW designed the
study and edited the manuscript. YL, SZ, and XW were
responsible for the data collection. YL, SZ, and XW participated
in the data analysis and wrote the manuscript. QL, YW, YH,
and FZ revised the manuscript. All authors read and approved
the final manuscript.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: This study was approved by the institutional
ethical review committee at the Second Affiliated Hospital of
Nanjing Medical University ([2021]KY13901).

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article. This work was supported by the National Natural
Science Foundation of China, Intestine Initiative Foundation,
and 789 Outstanding Talent Program of SAHNMU (grant no.
81600417, 789ZYR20200802250).

Guarantor: BC.

ORCID iDs: Yujie Liu (2 https:/orcid.org/0000-0003-3664-0969
Bota Cui https:/orcid.org/0000-0002-5952-8227
Sheng Zhang https:/orcid.org/0000-0002-3041-5026

Supplemental material: Supplementary material for this article
is available online.

References

1. Black CJ, Drossman DA, Talley NJ, et al. Functional gastro-
intestinal disorders: advances in understanding and manage-
ment. Lancet 2020; 396: 1664—-1674.

2. Morais LH, Schreiber HLT and Mazmanian SK. The gut
microbiota-brain axis in behaviour and brain disorders. Nat
Rev Microbiol 2021; 19: 241-255.

3. Fan Y and Pedersen O. Gut microbiota in human metabolic
health and disease. Nat Rev Microbiol 2021; 19: 55-71.

4. Lynch SV and Pedersen O. The human intestinal microbiome
in health and disease. N Engl J Med 2016; 375: 2369-2379.

5. Surawicz CM, Brandt LJ, Binion DG, et al. Guidelines for
diagnosis, treatment, and prevention of Clostridium difficile
infections. Am J Gastroenterol 2013; 108: 478-498.

6. Paramsothy S, Kamm MA, Kaakoush NO, et al. Multidonor
intensive faecal microbiota transplantation for active



https://orcid.org/0000-0003-3664-0969
https://orcid.org/0000-0003-3664-0969
https://orcid.org/0000-0002-5952-8227
https://orcid.org/0000-0002-5952-8227
https://orcid.org/0000-0002-3041-5026
https://orcid.org/0000-0002-3041-5026

10 DIGITAL HEALTH
ulcerative colitis: a randomised placebo-controlled trial. 22. Powerful WeChat Statistics You Need to Know in 2021.
Lancet 2017; 389: 1218-1228. Brew Interactive. 2021. URL: https:/blog.brewinteractive.

7. Sokol H, Landman C, Seksik P, et al. Fecal microbiota trans- com/wechat-statistics (2022, accessed 25 June 2022).

[

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

plantation to maintain remission in Crohn’s disease: a pilot
randomized controlled study. Microbiome 2020; 8: 12.

Bajaj JS, Kassam Z, Fagan A, et al. Fecal microbiota trans-
plant from a rational stool donor improves hepatic encephal-
opathy: a randomized clinical trial. Hepatology 2017; 66:
1727-1738.

Kang DW, Adams JB, Gregory AC, et al. Microbiota transfer
therapy alters gut ecosystem and improves gastrointestinal
and autism symptoms: an open-label study. Microbiome
2017; 5: 10.

He Z, Cui BT, Zhang T, et al. Fecal microbiota transplantation
cured epilepsy in a case with Crohn’s disease: the first report.
World J Gastroenterol 2017; 23: 3565-3568.

O’Connor LE, Gahche JJ, Herrick KA, et al. Nonfood pre-
biotic, probiotic, and synbiotic use has increased in US
adults and children from 1999 to 2018. Gastroenterology
2021; 161: 476-486.€3.

Al-Bakri AG, Akour AA and Al-Delaimy WK. Knowledge,
attitudes, ethical and social perspectives towards fecal micro-
biota transplantation (FMT) among Jordanian healthcare pro-
viders. BMC Med Ethics 2021, 22: 19.

Zipursky JS, Sidorsky TI, Freedman CA, et al. Patient atti-
tudes toward the use of fecal microbiota transplantation in
the treatment of recurrent Clostridium difficile infection.
Clin Infect Dis 2012; 55: 1652-1658.

Wu X, Dai M, Buch H, et al. The recognition and attitudes of
postgraduate medical students toward fecal microbiota trans-
plantation: a questionnaire study. Therap Adv Gastroenterol
2019; 12: 1756284819869144. eCollection 2019.

. Zhang T, Lu G, Zhao Z, et al. Washed microbiota transplant-

ation vs. manual fecal microbiota transplantation: clinical
findings, animal studies and in vitro screening. Protein Cell
2020; 133: 2330-2332.

Fecal Microbiota Transplantation-standardization Study
Group. Nanjing consensus on methodology of washed micro-
biota transplantation. Chin Med J (Engl) 2020; 133: 2330-2332.
Patel DN, Nossel C, Patricios J, et al. Bright spots, physical
activity investments that work: vitality active rewards—a
smartphone app that incentivises programme members to be
physically active. Br J Sports Med 2018; 52: 1494-1496.
Bricker JB, Watson NL, Mull KE, et al. Efficacy of smart-
phone applications for smoking cessation: a randomized clin-
ical trial. JAMA Intern Med 2020; 180: 1472-1480.

Erenas MM, Carrillo-Aguilera B, Cantrell K, et al. Real time
monitoring of glucose in whole blood by smartphone. Biosens
Bioelectron 2019; 136: 47-52.

Panda N, Solsky I, Cauley CE, et al. Smartphone-based
assessment of preoperative decision conflict and postoperative
physical activity among patients undergoing cancer surgery: a
prospective cohort study. Ann Surg 2020 Jul 1; 276(1): 193—
199. DOI: 10.1097/SLA.0000000000004487

WeChat Wikipedia. 2021. URL: https:/en.wikipedia.org/
wiki/WeChat (2022, accessed 25 June 2022).

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zhou K, Wang W, Zhao W, et al. Benefits of a WeChat-based
multimodal nursing program on early rehabilitation in post-
operative women with breast cancer: a clinical randomized
controlled trial. Int J Nurs Stud 2020; 106: 103565.

Ding B, Gou B, Guan H, et al. WeChat-assisted dietary and
exercise intervention for prevention of gestational diabetes
mellitus in overweight/obese pregnant women: a two-arm ran-
domized clinical trial. Arch Gynecol Obstet 2021; 304: 609-618.
Bi J, Yang W, Hao P, et al. WeChat As a platform for
Baduanjin intervention in patients with stable chronic
obstructive pulmonary disease in China: retrospective rando-
mized controlled trial. JMIR Mhealth Uhealth 2021; 9: €23548.
Zhang Y, Fan D, Ji H, et al. Treatment adherence and second-
ary prevention of ischemic stroke among discharged patients
using mobile phone- and WeChat-based improvement ser-
vices: cohort study. JMIR Mhealth Uhealth 2020; 8: e16496.
Cao Y, Lin SH, Zhu D, et al. WeChat public account use
improves clinical control of cough-variant asthma: a rando-
mized controlled trial. Med Sci Monit: Int Med J Exp Clin
Res 2018; 24: 1524-1532.

Loman NJ and Pallen MJ. Twenty years of bacterial genome
sequencing. Nat Rev Microbiol 2015; 13: 787-794.

Martin C. Gut check. Current Biol: CB 2020; 30: R1099-R1104.
A Look Back at the Past Decade of European Biotech. https:/
www.labiotech.eu/medical/european-biotech-past-decade/
(2020, accessed 18 May 2021).

Zhang F, Cui B, He X, et al. Microbiota transplantation:
concept, methodology and strategy for its modernization.
Protein Cell 2018; 9: 462-473.

Biragyn A and Ferrucci L. Gut dysbiosis: a potential link
between increased cancer risk in ageing and inflammaging.
Lancet Oncol 2018; 19: e295-e304.

Knauf F, Brewer JR and Flavell RA. Immunity, microbiota
and kidney disease. Nat Rev Nephrol 2019; 15: 263-274.
Zhang F, Wan Y, Zuo T, et al. Prolonged impairment of short-
chain fatty acid and L-isoleucine biosynthesis in gut micro-
biome in patients with COVID-19. Gastroenterology 2022;
162: 548-561.e4.

Schult D, Reitmeier S, Koyumdzhieva P, et al. Gut bacterial
dysbiosis and instability is associated with the onset of com-
plications and mortality in COVID-19. Gut Microbes 2022;
14: 2031840.

Tao ZY, Chu G, McGrath C, et al. Nature and diffusion of
COVID-19-related oral health information on Chinese social
media: analysis of tweets on Weibo. J Med Internet Res
2020; 22: €19981.

FanZ, Yin W, Zhang H, et al. COVID-19 information dissem-
ination using the WeChat communication Index: retrospective
analysis study. J Med Internet Res 2021; 23: e28563.

LiJ, Zhou L, Van Der Heijden B, et al. Social isolation, lone-
liness and well-being: the impact of WeChat use intensity
during the COVID-19 pandemic in China. Front Psychol
2021; 12: 707667.



https://doi.org/10.1097/SLA.0000000000004487
https://en.wikipedia.org/wiki/WeChat
https://en.wikipedia.org/wiki/WeChat
https://en.wikipedia.org/wiki/WeChat
https://blog.brewinteractive.com/wechat-statistics
https://blog.brewinteractive.com/wechat-statistics
https://blog.brewinteractive.com/wechat-statistics
https://www.labiotech.eu/medical/european-biotech-past-decade/
https://www.labiotech.eu/medical/european-biotech-past-decade/
https://www.labiotech.eu/medical/european-biotech-past-decade/

	 Introduction
	 Methods
	 Study design and data collection
	 Statistical analysis

	 Results
	 Trends change in the concern of gut microbiota-related diseases
	 Pageviews reflected the increasing attention on dysbiosis-related diseases
	 WOAs with a large number of posts
	 Association between types of articles and keywords

	 Discussion
	 Strengths and limitations

	 Conclusions
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


