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Abstract

Background: Children and adolescents living under the supervision of child protective services have complex mental health
care needs. The scarcity and uneven distribution of specialized mental health teamsin Chile may limit the provision and quality
of care for this vulnerable population. Telepsychiatry can address such health inequities.

Objective: The objective of this study wasto evaluate the feasibility of atelepsychiatry consultation program for primary health
care (PHC) treatment of children and adolescents living under the supervision of child protective services.

Methods: We developed a telepsychiatry consultation program for two rural PHC clinics located in central Chile (Valparaiso
Region) and evaluated its implementation using a mixed methods study design. The program consisted of videoconferencing
mental health consultation sessions scheduled twice per month (each 90 minutes long), over a6-month period, delivered by child
and adolescent psychiatrists based in Santiago, Chile. We described the number of mental health consultation sessions, participant
characteristics, perceived usefulness and acceptability, and experiences with the telepsychiatry consultation program.

Results: During the 6-month study period, 15 videoconferencing mental health consultation sessionswere held. Thetelepsychiatry
consultation program assisted PHC clinicians in assigning the most adequate diagnoses and making treatment decisions on
pharmacotherapy and/or psychotherapy of 11 minors with complex care needs. The intervention was perceived to be useful by
PHC cliniciansfor improving the resol ution capacity in the treatments of this patient popul ation. Limitations such as connectivity
issues were resolved in most sessions.

Conclusions: The telepsychiatry consultation program was feasible and potentially useful to support PHC clinicians in the
management of ingtitutionalized children and adolescents with complex psychosocia care needs living in a poorly resourced
setting. A larger scale trial should assess clinical outcomes in the patient population. Regulations and resources for this service
model are needed to facilitate sustainability and large-scal e implementation.

(JMIR Public Health Surveill 2021;7(7):e25836) doi:10.2196/25836
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Introduction

About half of the children and adolescents living under the
supervision of child protective services (CPS) in high-income
countrieshave mental disorders[1]. In Chile—alLatin American
developing country—69% of the population living under CPS
has mental disorders and complex psychosocial care needs, but
the availability and uneven distribution of specialized mental
health care (SMHC) in Chile limit the provision and quality of
mental health care for this vulnerable population [2-4]. This
prompted the implementation of an intersectoral mental health
care plan aimed to improve the collaboration between CPS,
primary health care (PHC), and SMHC [5].

Telepsychiatry, that is, videoconferencing to deliver mental
health care, might address the shortage of SMHC by facilitating
remote and timely access to quality care for underserved
populations (eg, rura populations) [6-8]. Technology-based
solutionsincrease the accessto care, are acceptable by culturally
diverse populations, and provide menta health outcomes
comparable to in-person care [8,9]. These characteristics have
also contributed to the role of telepsychiatry in emergency
response to the current COVID-19 pandemic [10,11]. In Chile
[12] and other countries [13-15], child and adolescent
telepsychiatry services have shown promising results for the
treatment of mental disorders in PHC. These initiatives have
received positive feedback from health care providers serving
CPS populations and reported increased use of outpatient
resources for children with complex mental health care needs
[16,17]. Since PHC professionals usualy lack training in the
treatment of complex menta heath problems of CPS
populations, and CPS populations lack funds for traveling to
receive SMHC far from their residencies, telepsychiatry
solutions are promising to improve access and quality of care.

To our knowledge, no previous study has examined the
collaboration between SMHC and PHC to specifically treat CPS
populations. The objective of this study was to evaluate the
feasibility of atelepsychiatry consultation program (TCP) for
the PHC treatment of children and adolescents living under the
supervision of CPS.

Methods

Study Participants and Procedures

A feasibility study combining descriptive quantitative and
qualitative methods was conducted in two rura PHC clinics
located in the Valparaiso Region of Chile. PHC clinics were
conveniently selected as local health services, and staff were
open to engage with this pilot project. Four psychologists and
one physician working in PHC clinics were recruited. These
clinicians treated children and adolescents living under the
supervision of CPS as part of their usual caseload. We provided
the technical infrastructure, security, and protocols needed to
connect the rurad PHC clinicians with the SMHC team
comprising 3 child and adolescent psychiatrists who were
working at the Department of Psychiatry and Mental Health of
Hospital Clinico Universidad de Chile, Faculty of Medicine of
Universidad de Chile, and Department of Psychiatry of Hospital
El Pino, Santiago. The following measures were taken to
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implement the intervention: (1) securing institutional
permissions to move and install technological equipment, (2)
installing computers and teleconferencing devices in the
intervention sites, (3) ensuring that the PHC clinicians and the
SMHC teams had compatible schedules, (4) training the PHC
clinicians and the SMHC teams in the technical aspects of the
interventions, and (5) running connectivity tests between the
study sites to pilot the intervention. This study was approved
by theinstitutional review board at Hospital Clinico Universidad
de Chile. PHC clinicians provided written informed consent
and participated voluntarily at any time. Patients (ie, children
and adolescents living under the supervision of CPS) were not
directly involved in the feasibility testing due to complicated
consent procedures required for their participation.

Intervention

The TCP used a computer-based tel econferencing service that
met communication and security standards for voice over
transmission control protocol/IP. Videoconferencing mental
health consultation (MHC) sessions were held between PHC
clinicians and the SMHC team through a secure web-based
treatment platform, that is, closed network, personalized access
passwords, and disabled recording function, by using the desktop
video-conferencing program Vidyo (Vidyo, Inc).

Videoconferencing MHC sessions were scheduled twice per
month over a6-month period, reserving time slots of 90 minutes
each. Electronic health records (EHRs) were implemented to
share patient information (eg, medica records, tests, and
professional reports) between PHC clinicians and the SMHC
team. EHRs were updated after each videoconferencing MHC
session. Neither in-person visits nor emergency treatmentswere
included in the study, as PHC clinicians referred such casesto
local SMHC consultants. The TCP was not provided to other
populations.

The TCPfollowed the protocol of the Chilean Ministry of Health
for MHC [18], providing diagnostic assistance, management
recommendations for treatment-resistant cases, and SMHC
referral assessment. A protocol of the Chilean Ministry of Health
definesMHC asthejoint and interactive activity between SMHC
and PHC teams, occurring at least once per month, to facilitate
the shared continuity of care [18]. The MHC should include
supervision, support and training regarding clinical cases, and
clinica and administrative coordination to guarantee care
continuity [18]. Before theimplementation of videoconferencing
MHC sessions, in-person MHC was considered as the
established clinical routine.

Measurementsand Analysis

The number of videoconferencing MHC sessions held during
the 6-month study period was registered and compared to
in-person standard MHC sessions that were provided by local
SMHC consultantsin the 6 months prior to TCPimplementation.
The following data were collected for each videoconferencing
MHC session: (1) number and types of health care providers
participating, duration (in minutes) of the session, and network
connection technology used; (2) clinician-rated usefulness and
acceptability (assessed using six closed Likert-type items, two
questions with three answer choices, and an open-ended box
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for comments); and (3) clinical patient information and actions
taken or agreed for patient management (retrieved through
ingpection of the shared EHRS). The aforementioned information
was analyzed using descriptive statistics.

After the 6-month study period, an open-ended, email
guestionnaire was used to explore the experiences of PHC
clinicians and SMHC teams with the TCP (ie, satisfaction,
facilitators and barriers, and recommendations). Following a
grounded theory approach [19], two researchers independently
coded the data using open coding. Consensus was reached
through discussion and the involvement of athird researcher to
ensure intersubjective consensus.

Results

Half of the MHC sessions planned (4/8, 50%) were held in the
6 months prior to the implementation of TCP. In contrast, 15
of the 24 (63%) videoconferencing MHC sessions planned were
held during the 6-month study period. Nine videoconferencing
MHC sessions were cancelled due to a strike of the health care
workers, incompatible schedules, and low clinical demand.

Mundt et al

On average, videoconferencing MHC sessions were conducted
every 3.7 weeks, lasted 66 minutes (range 30-100 minutes),
covered 1.1 cases, and involved the participation of 2.1 PHC
clinicians. The SMHC team mostly used wireless connections
inabout 73% (11/15) of the sessions, whereasthe PHC clinicians
used wired connectionsin 73% (11/15) of the sessions. On two
occasions, participants communicated over telephone due to
important and unresolved internet connectivity problems.
Connectivity issues caused shortening and/or interruption of 12
videoconferencing MHC sessions.

Most cases of minorsincluded in the TCP were girls who lived
under CPS (ie, not with their relatives) due to parental neglect
(Table 1). The most frequent diagnostic hypothesis was mixed
behavioral and emotional disorder, reportedin 5 of the 11 (45%)
participants. Furthermore, psychiatric comorbidity was reported
in 7 (64%) patients (ie, case load of the participating PHC
professionals). The SMHC team mostly made recommendations
about pharmacological schemes (n=8, 73%), psychotherapies
(n=4, 36%), and psychopathological assessments (n=4, 36%).

Table 1. Characteristics of 11 children and adolescents living under the supervision of child protective servicesin rural Chile who were treated in a

telepsychiatry consultation program.

Variable Participants
Sex (female), n (%) 9(82)
Agein years, mean (SD) 14.1(3.1)
Living situation, n (%)
Residency without family member 5 (45)
Residency with family member 3(27)
Family (nuclear or extended) 3(27)
Reason for living under child protective services®, n (%)
Abandonment 1(6)
Sexua abuse 2(12)
Maltreatment 2(12)
Parental neglect 7 (41)
Sexual exploitation 2(12)
Rape 1(6)
Family violence 3(18)

8\ay include more than one reason per case.

Data collected during each videoconferencing MHC session
showed that thesewereclinically useful to PHC clinicians (Table
2); itsduration was deemed adequate in 92% of occasions; and
that, after each session, interest in participating in an additional
session did not decrease. Qualitative data analysis (Table 3)
reveal ed that PHC clinicians and the SMHC team perceived the
TCPasuseful and that it helped to improve the quality of mental
health carefor minorsliving under the supervision of CPS. PHC
clinicians expressed the need to maintain the TCP over time
and stated that the intervention met their expectationsregarding
the methodology used and guidance on pharmacological

https://publichealth.jmir.org/2021/7/e25836

treatments. The SMHC team emphasized that the TCP allowed
themtotrain PHC cliniciansin general aspects of mental health
care, and to increase the resolution capacity of PHC clinicians.
Key facilitators of the implementation were positive attitudes
of theauthoritiesof PHC, clinicians, and the SMHC team toward
TCP. Incomplete patient information in EHRs was one of the
main barriersto implementation, followed by technological and
logistic difficulties. Recommendations made for future TCP
implementationsincluded the avail ability of asupport technician
and more guidance on psychotherapy.
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Table 2. Perceived usefulness of atelepsychiatry consultation program, as rated by primary health care clinicians (N=8).

Item Score® mean (SD) Range
Improved clinical understanding of the case presented 2.6 (0.5) 2-3
Learning experience applicable to similar cases 25(0.5) 2-3
Guidance about medications and dosage 2.6(0.5) 2-3
Orientation about psychosocial interventions 25(0.7) 1-3
Benefit for the children and adolescents 2.4(0.6) 1-3
Benefit for the primary health clinician 2.8(0.4) 2-3

8Scores range from O to 3, with higher scores reflecting higher perceived usefulness.

Table 3. Synthesis of the main categories found in the qualitative data.

Category and subcategory  Illustrative quote

Usefulness of theinterven-  “[Did the TCP help?] Certainly, all the consultations and especially the last one... the person in charge of the team

tion and improved quality of  stated how useful the tel epsychiatry consultations had been” [Psychiatrist #1]

care

Need for continued support  “It would be very useful to keep this program available, for more months’ [Primary health care psychologist #4]
“...It would be good for it to bea regular program, it would greatly contribute to mental health teamsin primary care”
[Primary health care psychologist #3]

M eeting expectations

On the methodol ogy “There was a clear methodology and a well-defined way of handling each case” [Primary health care physician #1]
used “Theclinical advice enabled usto devel op teamwork, which added dynamismto the care we delivered, ...communication
became more effective, and that strengthened teamwork” [Primary health care psychologist #3]

On guiding pharmaco- “The goal of the consultations was met, especially regarding the clarification of doubts about the pharmacotherapy”
logical treatments [Psychiatrist #1]

Training primary healthcare “It not only enabled us to give them advice about specific cases; we also trained them about more general aspects. |

practitionersand increased  sent them complementary material for psychotherapy approaches’ [Psychiatrist #3]

resolution capacity “| specifically helped them by increasing their self-confidence and facilitating their decision-making processes’ [Psy-
chiatrist #1]

Facilitatorsand barriersto implementation

Facilitatorsto imple- “Openness of the directors, motivation of staff members’
mentation [Primary health care psychologist #1]

“The willingness to help of the psychiatrist”

[Primary health care psychologist #4]

“Punctuality, willingness to participate and interest in the activity, they were open to my suggestions and advice as a
consultant”

[Psychiatrist #1]

“|1 enjoy teamwork and have a personal interest in telepsychiatry” [Psychiatrist #2]
Barrierstoimplementa-  “[On electronic health records] They don't include all the information that we'd need for an adequate teleconsultation
tion session, for example, the medications that the patients were taking”

[Psychiatrist #3]

“The [residence] does not have full clinical records...about the patient”

[Primary health care physician #1]

“Interruptions due to technical problems such as internet access, availability of an office and/or computer”

[Psychiatrist #1]

“ Sometimes we had no access to a computer and a suitable room..., which delayed the process’

[Primary health care psychologist #1]
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Discussion

Main Findings

The implementation of TCP was feasible and supported PHC
cliniciansin diagnosing and/or treating children and adolescents
with complex psychosocia care needs living under the
supervision of CPS. The intervention was perceived to be
clinically useful for the patient population, and it increased the
resolution capacity of PHC clinicians and their willingness to
receive afuture TCP.

Strengthsand Limitations

To our knowledge, this is the first study to report a TCP
connecting SMHC teamswith PHC cliniciansto improve mental
health care among minors living under the supervision of CPS.
A protocol for future implementations was developed. To
improve the generalizability of the study results, larger and
geographically more varied samples are needed to reflect the
heterogeneous scenario of PHC and CPSin resource-poor Latin
American contexts. A limitation of the study wasthat it did not
directly assess mental health outcomes in the minors living
under the supervision CPS. The common connectivity issues
experienced during the study period were a further limitation,
although they were fixed in a timely manner and usually did
not affect the workflow of the MHC. Nevertheless, they may
be important barriers to the adoption of TCPs in
resource-constrained rural areas. Other important limitations of
the implementation process included the lack of patient
information and history in the EHRS, reflecting problems of
sharing essential information among CPS, PHC, and SMHC.

Comparison With Literature

In Chile, the use of technol ogy-based solutionsfor mental health
care of remote and underserved popul ations has been important
due to the geography, and it has become increasingly relevant
during the COVD-19 pandemic—with arapid shift to thismode
of mental health service delivery to ensure access and continuity
of care [11]. For instance, partnerships between centralized
SMHC teams and PHC clinicians through the implementation
of call centers and EHRSs have been reported to be acceptable
and satisfactory for PHC clinicians as well as adults and
adolescents with depression [12,20]. This study isin line with
these experiencesand providesinitia evidencefor the feasibility
of telepsychiatry—in the form of videoconferencing MHC and
EHRs—to support PHC clinicians in the mental health care of
children and adolescents with complex psychosocial care needs.

Evidence from the United States has provided strong foundations
for the feasibility and potential efficacy of community-based

Mundt et al

child and adolescent telepsychiatry [13-15]. Digital health
interventions, including videoconferencing MHC, have aso
been found to be satisfactory and acceptable for health care
providers, caregivers, and youthsin juvenile community-based
justice settings [21-23]. Many of these youths came from CPS
and have important behavioral health needs, yet telepsychiatry
interventions specifically aimed at addressing the needs of CPS
population and their providersin community settings are lacking.

Experiences reported from the United States resemble those
reported in the present study in that they have applied
technol ogy-based solutionsto build partnerships between SMHC
and community or PHC providers, having included data from
CPS population in their analyses [16,17]. These statewide
initiatives in Washington [16] and Wyoming [17] considered
centralized child psychiatric telephone and videoconferencing
MHCs for health care providers of the population covered by
Medicaid. In these studies, MHC wereinitiated by community
or PHC providers in need of guidance [16,17]. These studies
demonstrated higher satisfaction among those providerstreating
institutionalized children and adolescents, significant declines
in high-dose pediatric psychotropic prescribing, as well as an
increase in the use of outpatient and community-based
treatments among this population.

Although our findings are consistent with these experiences
[16,17], this feasibility study was specificaly aimed at
supporting the PHC treatment of children and adolescentsliving
under the supervision of CPS. The TCP provided a fixed
schedule for the linkage between SMHC teams and PHC
clinicians within the context of a specific intersectoral mental
health care plan, including CPS, PHC, and SMHC. These
intersectoral aliances create an opportunity for further
implementation, evaluation, and refinement of telepsychiatry.

Concluding Remarks

Implementing a TCP was feasible and potentially useful for
addressing mental health challenges in PHC of children and
adolescents living under the supervision of CPS. Future
programs may consider incorporating a child and adol escent
psychologist to the SMHC team. To demonstrate the
effectiveness of these interventions, afutureclinical trial should
assess the clinical outcomes in the children and adolescents
living under the supervision of CPS. Furthermore, future
research should consider scaling the TCP to more PHC clinics,
including alarger patient population. Health care policies should
be devel oped to provide regulation and resources for this model
of mental health care, to be sustainable over time.
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Abstract

Background: Regular salt is about 100% sodium chloride. Low-sodium salts have reduced sodium chloride content, most
commonly through substitution with potassium chloride. Low-sodium salts have a potentia role in reducing the population's
sodium intake levels and blood pressure, but their availability in the global market is unknown.

Objective: The aim of this study is to assess the availability, formulation, labeling, and price of low-sodium salts currently
available to consumers worldwide.

Methods: Low-sodium saltswereidentified through asystematic literature review, Google search, online shopping site searches,
and inquiry of key informants. The keywords “salt substitute,” “low-sodium salt,” “potassium salt,” “minera salt,” and “sodium
reduced salt” in six official languages of the United Nations were used for the search. Information about the brand, formula,
labeling, and price was extracted and analyzed.

Results: A total of 87 low-sodium salts were available in 47 out of 195 (24%) countries worldwide, including 28 high-income
countries, 13 upper-middle-income countries, and 6 lower-middle-income countries. The proportion of sodium chloride varied
from 0% (sodium-free) to 88% (as percent of weight; regular salt is 100% sodium chloride). Potassium chloride was the most
frequent component with levels ranging from 0% to 100% (potassium chloride salt). A total of 43 (49%) low-sodium salts had
labels with the potential health risks, and 33 (38%) had labelswith the potential health benefits. The median price of low-sodium
saltsin high-income, upper-middle-income, and lower-middle-income countries was US $15.00/kg (IQR 6.4-22.5), US $2.70/kg
(IQR 1.7-5.5), and US $2.90/kg (IQR 0.50-22.2), respectively. The price of low-sodium salts was between 1.1 and 14.6 times
that of regular salts.
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Conclusions:

Yineta

Low-sodium salts are not widely available and are commonly more expensive than regular salts. Policies that

promote the availability, affordability, and labeling of low-sodium salts should increase uptake, hel ping popul ations reduce blood

pressure and prevent cardiovascular diseases.
International Registered Report Identifier (IRRID):

RR2-10.1111/jch.14054

(JMIR Public Health Surveill 2021;7(7):€27423) doi:10.2196/27423

KEYWORDS

low-sodium salt; salt substitute; availability; formulation; l1abeling; price; sodium; salt; blood pressure; cardiology

Introduction

Cardiovascular diseases (CVDs) aretheleading causes of death
worldwide, and high blood pressureis aleading risk factor for
CVDs [1,2]. Dietary sodium intake is a strong causd
determinant of blood pressure levels [3,4]. The World Health
Organization (WHO) recommends reducing sodium intake as
one of the best-buy strategies for lowering the popul ation-level
risk of CVDsand set agoal of 30% reduction in the population
[5]. Different strategies are proposed to reduce dietary sodium
intake. Although the effect of sodium reduction interventions
on blood pressure has been demonstrated in controlled research
settings, there are few examples of sodium reduction at a
population scale[6,7]. Innovative strategies are needed to reduce
sodium intake from processed foods, food eaten outside the
home, and home cooked foods.

Regular salt is about 100% sodium chloride. Low-sodium salt
has reduced sodium chloride content, most commonly through
substitution with potassium chloride or magnesium sulphate.
There is a growing body of evidence supporting the use of
low-sodium salts as an effective intervention to reduce dietary
sodium intake, lower blood pressure, and thereby prevent the
adverse consequences of high blood pressure [8,9]. Although
one concern with low-sodium salts enriched with potassium
was the potentia risk for people who have advanced chronic
kidney disease (CKD) dueto hyperkalemia, a comparative risk
assessment model estimated that nationwide replacement of the
salt supply with potassium-enriched, low-sodium salt in China
could result in the prevention of 1 in every 9 deathsfrom CVD
and a net benefit with the use of low-sodium salts even in
individuals with CKD [10]. The approach of integrating
low-sodium salts as a public health intervention can potentially
reduce dietary sodium intake at the population level through
reformulating manufactured foods with low-sodium sdlts,
replacing cooking salt used at home or in restaurants with
low-sodium salts, or a combination thereof. Thus, population
uptake of low-sodium salts has been recommended as one of
seven priority strategies to reduce population sodium
consumption [11].

Low-sodium salts may have a potential role in enhancing
equitable accessto effective CVD prevention worldwide aslong
asitisaffordable and has sufficient reach to countriesregardless
of the income levels. However, little is known about the
availability and accessibility of this emerging product in the
global market or about factors that may affect equitable uptake
including formulation, price, or labeling. We, therefore,
performed a systematic search of low-sodium saltsto understand

https://publichealth.jmir.org/2021/7/e27423

better their availability, formulation, labeling, and the price in
different countries.

Methods

This study was a systematic search of low-sodium salts
conducted from October 2019 to September 2020. The study
protocol has been published previously [12].

Definition of Low-sodium Salt

L ow-sodium salts were defined astable salt or cooking salt that
replaced sodium chloride content with other minerals such as
potassium chloride or magnesium sulphate. The sodium content
and terminology for low-sodium salts can vary. For example,
in some cases, the term salt substitute is used as a synonym for
low-sodium salt. In this study, we use the term low-sodium salts
as a category, including both sodium-reduced and sodium-free
salts. All low-sodium salts available for retail purchase were
eligiblefor inclusion, but those that had ceased production were
excluded.

Search Strategy

Low-sodium salts were identified from four sources. First, a
systematic literature search was conducted in MEDLINE,
Embase, and Cochrane Library from inception through March
2020 without language restrictions. The search strategies are
listed in Multimedia Appendix 1 and include the keywords of
“salt substitute,” “low sodium salt,” “potassium salt,” “mineral
sdt,” and “sodium reduced salt.” Second, we searched major
global online shopping sites, including Amazon, eBay, Walmart,
JD, and RedMart, to identify low-sodium sats. Third, we
executed asearch using Googl e advanced engine with aGoogle
Chrome browser from Australia. Initial keywords included
different terms describing low-sodium salts. The search
strategies are shown in Textbox 1. Initial keywords and country
names were combined for a Google search to identify the
availability of low-sodium saltsin different countries. Thefirst
25 results of each search were examined for eigibility. This
was primarily because the search results after the first 25 were
generaly unrelated to low-sodium salts. Six official languages
of the United Nations (Arabic, Chinese, English, French,
Russian, and Spanish) were used in the Google searches and
online shopping website searches considering that thelanguage
would influence the ranking of resulting pages. Google searches
were conducted using aGoogle Chrome browser. Thetrandation
from other languages to English was performed by the built-in
trandation service within the Google Chrome browser [13].
Fourth, we conducted semistructured interviews with key
informants who have been involved in the research,
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manufacturing, implementation, and promotion of low-sodium
salts. We used purposive and snowball sampling to recruit key
informants. Academic representatives were identified through
the systematic review, which was part of the broader
environmental scan. Corresponding authors of eligible studies
that were identified from the systematic review were contacted
via corresponding authors email addresses. Academic

Textbox 1. Keywords and terms in Google search strategy.

Yineta

representatives who participated in the interview were asked to
refer the study to potential key informants from relevant
government agencies or the salt manufacturing industry through
asnowball sampling strategy. A total of 18 key informantsfrom
9 countriesrepresenting all WHO regions provided information
about the low-sodium salts they knew. Results from four data
sources were combined, and duplicates were then removed.

Initial keywords

o “low-sodium salt,” “salt substitute,” “potassium salt,” “mineral salt,” “sodium reduced salt”

Terms of different aspectsrelevant to the salt substitutes
o Formula “formula” “composition,” “ingredient”
o Price “price” “cost”

«  Country: for example, “Finland,” “China,” “Italy”

. Sofety issue: “safety,” “adverse events,” “warning,” “danger,” “threatening”

To identify the low-sodium salts used in research studies, we
had broad inclusion criteria on the study population and study
types. All titles and abstracts of records identified in the
databases were screened for eligibility. Duplicated studieswere
excluded. Full texts of papers after eligibility screening were
obtained for independent review by two authors (XY and KCL).
Differences between reviewerswere resolved through discussion
or consultation with a third senior investigator (MT) when
necessary. Information about the low-sodium saltswas extracted.
Low-sodium salts were excluded if they were manufactured
exclusively for astudy but not availablefor ageneral population
or ceased production and were no longer availablein the market.

Data Extraction and Analysis

Data were extracted by one researcher (XY) to a predesigned
Microsoft Excel (Microsoft Corporation) sheet, including data
source, search date, product website, brand, formulation,
nutrition facts, safety warnings, and price. The price of regular
salt in the same brand was al so extracted from online shopping
websites for price comparison. Information on the low-sodium
salt was summarized by country. Price was converted into US
dollars per kilogram (US $/kg) using the exchange rate at the
time of the search. The international dollar of low-sodium salts

https://publichealth.jmir.org/2021/7/e27423

by the exchange rate in the year of 2020 was also reported for
considering purchasing power paritiesand the commodity prices
[14]. The average price of low-sodium salts was compared by
country income levels. The income levels were divided
according to the World Bank classification [15]. Statistical
analyseswere performed using Microsoft Excel and SPSS (IBM
Corp, Version 26).

Results

Summary of Identified L ow-sodium Salts

Our final analyses comprised 87 low-sodium sats that were
identified across 47 countries. Google searches identified 43
products. Another 41 products were identified from online
shopping sites. From the published research studies, 4440
abstractswere screened, 67 of them wererelated to low-sodium
salts, and 9 brands of low-sodium salts were identified from
full-text papers. A total of 8 low-sodium sats were
complemented from consulting experts. There were 8 duplicated
products and 6 discontinued products, which were removed
from the final analysis (Figure 1). Key characteristics of all
included low-sodium sats are described in Multimedia
Appendix 2.
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Figure 1. Flowchart of low-sodium salt indentification.
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Figure 2. Availability of low-sodium salt in different countries.
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Formulation and L abeling

Among low-sodium salts, the sodium chloride varied from 0%
(sodium-free) to 88% (as percent of weight, regular salt is 100%
sodium chloride). Potassium chloride varied from 0% to 100%.
A total of 51 low-sodium salts reported both sodium and
potassium levelswhose composition are shownin Figure 3. The

Yinet al

composition of low-sodium salts varied by different countries.
For example, less than 20% of the sodium chloride was replaced
in low-sodium salts produced in India, while at least 50% of
the sodium chloride wasreplaced in countriesin North America,
theMiddle East, and Latin America. Sodium-free salt substitutes
were mostly available in the United State and Canada (n=7).

Figure 3. The proportions of sodium chloride (NaCl), potassium chloride (KCI), and other minerals for low-sodium salts by regions (N=51).
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Among the 87 products, 41 (46%) were iodized, 46 (53%) had
nutrition facts information on their labels, and 55 (63%) had a
front of package labeling indicating less sodium in low-sodium
salt than regular salt. A total of 43 (49%) products had labels
advising potential health risks, 33 (38%) had labels advising
potential health benefits, 16 (18%) had labelswith both, and 27
(31%) had labels with neither. The labels advising potential
health risk was signed to warn high-risk populationswho might

https://publichealth.jmir.org/2021/7/e27423

XSL-FO

RenderX

® Proportion of KCI

(B) Europe & Central Asia

Russian Federation, Valstek Prodimpex
Belgium, Vatel fine salt

Sweden, Sak mindre natrium

=, Pansalt

Turkey, Estuz sodium-reduced st
Sweden, Seltin

Germany, Dr. Jacob's blood pressure saft
France, BaleneThe Essential Whale
Greece, KAME LIGHT

Italy, Novo sal

United Kingdom, Lo salt

Spain, Ma ny'sFitsalt sodium free st

0% 10% 20% 30% 40% 50% 60% 70% BO% 90% 100%

(C) North America

United States, Himalania reduced-sodium pink sat [ NN
United States, Morton Lite sait | —

Canada, Windsor® Half salt™

Canads Benson's Sat substitute

United States, Fit salt

United States, No sak

United States, Nu sak

United States, My sait (former Also salt)

United States, M orton Salt substitute

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(F) South Asia

Indiz, Aashirvasd proactive Low-sodium sat |
Indz, TATA Lite sit |
Indis, Nutrofictive Low-sodium Himalayan... |

0% 10% 20% 30% 40% 50% 60% 70% B0% 90% 100%

® Proportion of others

potentially be harmed by excessive potassium intake, but the
contents of these advisory labels varied. Examples of advisory
warning labels on low-sodium salt packages are shown in
Textbox 2. Thelabels advising potentia health benefitsincluded
lowering sodium intake without compromising taste, being
additional sources of potassium, and lowering blood pressure.
Examples of health benefit labels on low-sodium salt packages
are shown in Textbox 3.
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Textbox 2. Examples of advisory warning labels found on low-sodium salt packages.

“A good source of potassium. Should not be used by persons on a sodium or potassium restricted diet unless approved by a physician.” (United
States, Morton and Canada, Windsor)

“For normal healthy people. Persons having diabetes, heart or kidney disease, or receiving medical treatment should consult a physician before
using a salt alternative or substitute” (United States, Nu-salt)

“1t should be used with caution among people who are not suitable for high potassium intakes, such as high-temperature workers, heavy-labour
workers, renal dysfunction and hypertension patients taking antihypertensive drugs.” (China, China Salt)

“It is recommended to use the product under medical supervision.” (Italy, Novo sal)

“Medical advice should be sought for diet requiring low or restricted sodium or potassium intake. Not suitable for use with a certain diuretic.”
(Finland, Pansalt)

“In case of kidney or heart failure or high blood pressure, you should consult your doctor before use” (Russia, Mediterra salt)

Textbox 3. Examples of health benefit labels found on low-sodium salt packages.

“Pansdlt is a clinically-proven low-sodium salt with added essential minerals for a healthy heart. The low sodium mineral salt is the result of
many years of intensive scientific research and is ideal for consumers who want to follow a healthier diet without compromising on good taste.
Apart from the overall health benefits. Pansalt delivers the true taste of salt but without the harmful effects resulting in a high consumer approval
rate.” (Finland, Pansalt)

“TATA sdlt lite has been specially formulated to provide 15% lower sodium than ordinary salt. It is generally accepted that lower sodium in diets
may assist in management of high blood pressure.” (India, TATA)

“It is being a good source of potassium; helps you maintain normal blood pressure” (United Kingdom, Lo salt)

“Good for your health — potassium and a reduced consumption of sodium contribute to the maintenance of normal blood pressure. Potassium
further contributes to the normal functioning of the nervous system and muscles.” (Netherlands, Nezo Light Salt)

“Replace part of sodium chloride with potassium chloride. The taste is like regular salt. It can help reduce the intake of sodium and increase
potassium intake.” (China, Yi Yan Tang)

“It can significantly reduce excessive sodium intake and increase potassium and magnesium intake. Potassium is necessary to maintain the work
of the heart, nervous system and muscle system, clear excessfluid from the body, and maintain normal blood pressure” (Russia, Val etek Prodimpex)

Price of L ow-sodium Salts

upper-middle-income was US $14.80/kg (IQR 8.5-32.9) and
US $11.60/kg (IQR 7.4-18.4), respectively. The median

The price of low-sodium salts varied from US $0.46/kg to US
$87.00/kg. The median price of low-sodium sats in
high-income, upper-middle-income, and lower-middle-income
countrieswas US $15.10/kg (IQR 6.4-26.9), US$2.70/kg (IQR
1.7-5.3), and US $2.90/kg (IQR 0.5-22.2), respectively (Figure
4). After converting to the international dollar, the median
international dollar of low-sodium salts in high-income and
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international dollar of |ow-sodium saltsin |ower-middle-income
countries surged to US $111.10/kg (IQR 11.0-469.9). Among
salt manufacturers producing both |ow-sodium salts and regular
salts (N=38), the price of low-sodium salts was 1.7 times the
price of the regular salts. The price difference between
low-sodium salt and regular salt by regions is presented in
Figure 5.
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Figure 4. Price for low-sodium salts across country income groups.
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Figure5. Price differential among salt manufacturers producing both low-sodium salts and regular salts by different regions.
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Discussion

Thefindings of this study indicated that |ow-sodium salts were
only available in 24% of the countries worldwide. Noticeably,
60% of these countries were high-income countries. Prices
varied between US $0.46/kg and US $87.00/kg but were
consistently higher than regular salts. Sodium chloride content
ranged from 0% to 88%. Advisory labels on benefitsand harms
of using low-sodium salts were not standardized.

The availability of low-sodium salts was limited in low- and
middle-income countries. Many low- and middle-income
countries are facing disproportionately large burdens of CVD
due to unhedlthy diet [2,16]. However, there are few effective
and affordable strategies to combat the increasing burden in
resource-constrained settings. Salt reduction was listed as a
best-buy intervention by the WHO, as it is an effective
intervention in low- and middle-income countries where the
primary source of sodium is from salt added in cooking and
food preparation, and the proportion of discretionary salt to total
sodium intake is higher [17,18]. A low-sodium salt population
intervention could potentially enhance equity of access to
effective CVD prevention. Important next steps include the
increasein production and market demand of |ow-sodium salts.
One example of thiswas in 2010, the Beijing city government
strengthened the supply chain to ensure that low-sodium salts
were available in 28 different supermarket chains as part of a
citywide salt reduction initiative [19]. Low-sodium salt is a
simple and low-cost intervention, which makesit a compelling
proposal for low- and middle-income countries. In high-income
countries, where CVD is aso amajor burden and low-sodium
salts are generally easy to access, |low-sodium salts can serve
as a complementary strategy for product reformulation and an
ideal replacement added during home cooking or at the table.
The approach to integrating low-sodium salts in public health
interventions may vary by country depending on the major
dietary source of sodium. Feasibility studies in countries with
different diet patterns are needed to understand better how to
introduce low-sodium salts onto the market and how to promote
low-sodium salt use in different contexts.

Low-sodium salts have higher prices than regular saltsin all
countries where low-sodium salts are commercially available.
The price of food is a vital factor that influences consumers’
behavior [20]. One cluster randomized control trial revealed
that even with the same health education program, the adoption
of low-sodium salts was higher in villages where the price of
low-sodium saltswas subsidized compared with villages without
apricesubsidy [21]. Results of this study showed that the prices
of low-sodium saltswere 1.0 to 14.6 times higher than the price
of regular salts. Price differenceswere highest in North America,
likely because low-sodium salts produced in this area had a
larger proportion of potassium chloride (potassium costs about
four times more than sodium) [22]. Some countries, like India,
do not have readily available sources of potassium, which may
further increase costs of potassium supplementation [23].
Narrowing the price difference between low-sodium salts and
regular salts would promote low-sodium salt use, which can
motivate manufacturersto improve low-sodium salt availability.
Government subsidies and regulation can increase the
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affordability and reduce the price differences between
low-sodium salts and regul ar salts, especially among individuals
with limited resources who may face a disproportionate risk
and burden of CVD. The low-sodium salt intervention ought to
be implemented by reformulation or policies without passing
the costs onto individualswho will be lesslikely to afford these
higher prices. One real-world example of subsidies was in
Beijing, where in addition to improving the supply chain, an
additional 75g of low-sodium salt was provided in the 400g
package[19]. Further quantitative market surveysand qualitative
studies can be designed to understand the context and
mechanism of the price of low-sodium salts in the future.

Low-sodium salts varied in composition. Overall, the sodium
chloride was mostly replaced by potassium chloride. The
acceptability of low-sodium salt taste depends on individual
preferences (palate) and concentration of potassium [24]. There
have been reports that unpleasant off-tastes associated with
potassium chloride may prevent customers from choosing
low-sodium salts [25]. However, several studies found
low-sodium salts with about 30% of sodium chloride replaced
by potassium chloride had asimilar flavor to regular saltswhen
used in cooking or processed food manufacturing [24,26,27].
Reducing sodium and increasing potassium in the salt used for
cooking and processed food reformulation could make the salt
less salty in taste, leading consumers to use more low-sodium
salts. Effective taste-improving agents can be introduced to
overcome potential sensory drawbacks, such as taste masking
or umami ingredients[28]. The acceptablerange of preferences
for compositions of low-sodium salts used in cooking by the
general population in different culture context would need to
be confirmed in future research. In addition to taste acceptability,
further studies regarding the benefits and risks of low-sodium
salts with different sodium and potassium proportion are still
necessary.

Food labeling was designed to provide information and help
consumers make healthier food choices. The effect of
low-sodium salts on reducing sodium intake and blood pressure
has been proven in clinical trials [8,9]. The modeling study
showed that the net benefits of a national implementation of
low-sodium salts were substantial in preventing CVDs, and the
net benefit still presented for individuals with CKD [10]. Only
33 brands of low-sodium salts were identified as having health
benefit labels. Evidence-based benefits of low-sodium salt
should be reported on the package to encourage peopleto make
healthier choices in salt. Despite limited data on the
dose-response relationship between the use of salt substitutes
and serum potassium levels, one concern with scaling up
low-sodium salts is the potential to increase the risk of
hyperkalemia and sudden cardiac arrest for a small number of
people who are advised to limit dietary potassium due to
impaired renal function and potassium excretion [29]. Although
there is little research investigating the relative benefits and
risksof salt substitute usein such populations, people who have
advanced CKD or who take medications that interfere with the
renin-angiotensin-aldosterone axis, including potassium-sparing
diuretics, may be suboptimal candidates for low-sodium salts
that are enriched with potassium. Precautionary labeling on the
potassium level and health warning information are important
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in response to these concerns, but the optimal threshold and
format of such labeling are uncertain. For labels on low-sodium
saltsto beuseful, they must be both credible and accurate. There
were 43 low-sodium salts with labels advising potential risks,
but 27 of them did not mention the health benefits. An
overcautious label not based on scientific evidence or labels
only focused on health risks might discourage peoplewho would
receive health benefits by using the low-sodium salts. The
knowledge and awareness of low-sodium saltsis generally low
in recent baseline surveys done for the trials with low-sodium
salts in China and India [30,31]. A survey conducted in India
to assess the knowledge and awareness of low-sodium salts
among doctors indicated 71.5% of participants did not know
about their contraindications in patients with severe renal
disease, cardiac problems, and patients on potassium-sparing
diuretics [32]. Adequate education campaigns together with
regulations on the labeling are imperative to ensure that
regulators, the salt industry, food scientists, clinicians, and
consumers are aware of the level of potassium additives and
how to read the labeling information appropriately.

One strength of this study lies in the careful searches across
diverse data sources to describe the landscape of low-sodium
sats. We complemented conventional systematic review
methods with online searches and key informant consultation
to identify as many products as possible. However, resultsfrom
Google searches are dynamic and can be difficult to replicate,
and thus, such a method can only reflect the landscape for a

Yineta

short period. The changesin availability, formulation, labeling,
and prices were outside the scope of this study. Additionally,
only low-sodium salts having an online presence were accessed
in the study. The availability of low-sodium salts may be
underestimated in low- and middle-income countries due to the
challenges of access to available online information in these
settings. Keywords in all six major languages of the United
Nations were used to maximize the possibility of identifying
low-sodium salts in non-English speaking countries. However,
this may still miss many countries. We tried to minimize the
risk of omitting low-sodium salts by using complementary
information sources, including systematic reviews and
consulting key informants from a diverse set of countries based
on income categories.

This study’s results provide evidence on the availability,
formulation, labeling, and price of low-sodium saltsworldwide.
These results can be used to inform efforts to scale up
low-sodium salt use as an effective public health intervention
in different countries. We therefore recommend making
low-sodium salts more widely available, providing accurate and
standardized labeling, and subsidizing the price of low-sodium
salt. Future studies on how to promote the production, sale,
adoption, spread, scale-up, and sustainability of low-sodium
sats in diverse settings will also help governments take the
necessary steps to reduce population-level dietary sodium
consumption through the widespread use of low-sodium salt.
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Abstract

Background: Recent emergency authorization and rollout of COVID-19 vaccines by regulatory bodies has generated global
attention. Asthe most popular video-sharing platform globally, YouTube is a potent medium for the dissemination of key public
health information. Understanding the nature of available content regarding COV1D-19 vaccination on thiswidely used platform
is of substantial public health interest.

Objective: Thisstudy aimed to evaluate the reliability and quality of information on COVID-19 vaccination in YouTube videos.

Methods: In this cross-sectional study, the phrases “coronavirus vaccine” and “COVID-19 vaccine” were searched on the UK
version of YouTube on December 10, 2020. The 200 most viewed videos of each search were extracted and screened for relevance
and English language. Video content and characteristics were extracted and independently rated against Health on the Net
Foundation Code of Conduct and DISCERN quality criteriafor consumer health information by 2 authors.

Results: Forty-eight videos, with a combined total view count of 30,100,561, were included in the analysis. Topics addressed
comprised the following: vaccine science (n=18, 58%), vaccine trials (n=28, 58%), side effects (n=23, 48%), efficacy (n=17,
35%), and manufacturing (n=8, 17%). Ten (21%) videos encouraged continued public health measures. Only 2 (4.2%) videos
made nonfactual claims. The content of 47 (98%) videoswas scored to have low (n=27, 56%) or moderate (n=20, 42%) adherence
to Health on the Net Foundation Code of Conduct principles. Median overall DISCERN score per channel typeranged from 40.3
(IQR 34.8-47.0) to 64.3 (IQR 58.5-66.3). Educational channels produced by both medical and nonmedical professionals achieved
significantly higher DISCERN scores than those of other categories. The highest median DISCERN scores were achieved by
educational videos produced by medical professionals (64.3, IQR 58.5-66.3) and the lowest median scores by independent users
(18, IQR 18-20).

Conclusions: The overall quality and reliability of information on COVID-19 vaccines on YouTube remains poor. Videos
produced by educational channels, especially by medical professionals, were higher in quality and reliability than those produced
by other sources, including health-related organizations. Collaboration between health-related organizations and established
medical and educational YouTube content producers provides an opportunity for the dissemination of high-quality information
on COVID-19 vaccination. Such collaboration holds potential as a rapidly implementable public health intervention aiming to
engage a wide audience and increase public vaccination awareness and knowledge.
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Introduction

The recent emergency authorization and rollout of COVID-19
vaccines by regulatory bodies has generated global media
attention. Unsurprisingly, internet searchesrelated to COVID-19
vaccination increased drastically during November-December
2020, asthe public attempted to source information amid asurge
in media coverage[1]. Many internet users turned to YouTube,
the second-most visited website globally after Google, for
further information [2].

YouTubeisthe most popular video-sharing platform worldwide.
Over 1 billion hours worth of video is streamed each day on
the website, and it is visited by over 2 billion unique users
monthly [3]. It has strong penetrance globally and across all
major sociodemographic groups. YouTube provides a potent
means of disseminating real-time information across a
population; users are able to curate video content from sources
varying from individual users, through celebrities, to media
outlets. Aware of their central role in the dissemination of key
public health information, YouTube has implemented a
COVID-19 medical misinformation policy, which forbids
COVID-19—elated content that contradicts local health
authorities and risks public safety [4].

There have been, however, high-profile instances of
internet-propagated misinformation regarding COVID-19,
including the ingestion of cleaning products as potential
treatment, which have had severe consequences [5]. Despite
the aforementioned measures implemented by YouTube, there
remains a concern for COVID-19 vaccination programs to
remain an easy target for misinformation content. Previous
studies have highlighted that vaccination programs, such asthe
human papillomavirus vaccination program, have been a
common target of high-profile YouTube videos propagated by
a community of vocal users who are critical of vaccination
programs [6]. Furthermore, there remains a concern that
anti—-COVD-19 vaccination videos could (1) pose asignificant
threat to compliance with the vaccination program, especially
among those who are disproportionately affected by theillness;
(2) create spill-over dissonance toward other critical COVID-19
public health measures; and (3) displace notificationsregarding
other emerging time-sensitive information from official public
health sources. In fact, from the beginning of the pandemic until
now, COV1D-19 vaccine hesitancy has been steadily increasing
[7]. Understanding the nature of available content regarding the
COVID-19 vaccination program on this widely used platform
is, therefore, of substantial public health interest and forms a
foundation on which strategies for misinformation counteraction
can be based.

To date, no studies have evaluated the quality and reliability of
COVID-19 vaccination—elated information available on
YouTube. The objective of thisstudy, therefore, wasto evaluate

https://publichealth.jmir.org/2021/7/€29942

the reliability and quality of information of YouTube's most
prominent videos on COVID-19 vaccination, using 2 validated
criteria (DISCERN and HONcode).

Methods

M ethods Overview

Ethical approval for this study was waived because al gathered
data are freely available in the public domain. The phrases
“coronavirusvaccing” and “ COVID-19 vaccine” were searched
on the UK version of YouTube on December 10, 2020. The
search was conducted in an incognito browser (Google Chrome)
to avoid biased suggestions based on cookies. Search results
were sorted by view count to identify videos that had achieved
the greatest impact and were most likely to trend, thereby
reaching further viewers. The 200 most viewed videos (10
pages) of each search were subsequently extracted.

Video titles and channels were first screened for relevance and
English language before full-video screening. Videos were
included if they described 1 or more of the following:
mechanisms of action of vaccines, clinical trial procedures,
manufacturing processes, side effects or safety, and vaccine
efficacy. Descriptions of the criteriaare provided in Multimedia
Appendix 1, Table S1. If there was uncertainty regarding
whether a video should be included, a consensus was sought
between authors, with a predisposition to include the video for
full assessment. Additionally, videos were assessed for their
promotion of public health measures such as hand-washing,
wearing masks, or social distancing. Finally, instances of
nonfactual content in these videos were noted. Nonfactua
information (ie, misinformation) was defined as nonscientifically
corroborated content that contradicted medical information
provided by the current local health authority or the World
Health Organization. Examples of misinformation are available
on YouTube's medical misinformation policy [4]. Duplicate
videos and non-English- anguage videoswere excluded. Video
content screening was completed independently by 2 authors
(CC and ED). Any discrepancies were resolved through
discussion with athird author (VS).

Characteristics (video URL, channel, country of origin, view
count, duration, video age, and the number of likes, dislikes,
and comments) of the included videos were extracted. Videos
were placed in 6 main categories by YouTube channel type:
educational channels produced by medical professionals,
educational channels produced by nonmedical individuals (eg,
science education or explanatory media), independent
nonmedical users (eg, vloggers with no obvious &ffiliations),
internet media (eg, newsmagazine shows or talk shows), news
agencies (ie, clips uploaded from network news), and nonprofit
or medica organizations (eg, hospitals, government
organizations, or universities). Descriptions and examples of
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channel types are provided in Multimedia Appendix 1, Table
S2.

Reliability of the video content (ie, the extent to which the
source of information, and therefore theinformation itself, could
berelied upon, evident from clearly referenced and scientifically
corroborated content) was assessed against a modified Health
on the Net Foundation Code of Conduct (HONcode) checklist
[8] and modified DISCERN quality criteriafor consumer health
information [8,9], which have previously been used to assess
the quality of health information on YouTube. The quality of
video content (ie, completeness, understandability, relevance,
depth, and accuracy of information provided) was al so assessed
using the DISCERN quality criteria. Video rating was completed
independently by 2 authors (CC and ED).

Chanet a

HONCcode consists of 8 principles that evaluate the reliability
and credibility of health information [10]. Videos were rated
with a score of 1 (adherent) or O (nonadherent) for each of the
8 principles. The DISCERN instrument consists of 16 questions
rated from 1 to 5, which assess health content across 3 domains
including video reliability (8 questions, 40 points), treatment
information quality (7 questions, 35 points), and an overall
reviewer rating (5 points), thusyielding a maximum cumulative
score of 80 (Textbox 1) [11]. Thefirst 8 questions were applied
to all videos, and 8 additional questions were applied to videos
specifically on vaccine science (ie, how the treatment works).
The questionnaire was adapted from Goobie et a [8] and Loeb
eta [9].

Textbox 1. Modified DISCERN quality criteria for assessing the reliability and quality of YouTube content on COV1D-19 vaccination. Each question
was rated from 1 (“worst”) to 5 (“best”). Sections 2 and 3 only applied to videos on vaccine science (ie, how the treatment [vaccination] works).

Section 1: isthevideo reliable?
1. Aretheaimsclear?
2. Doesit achieve its aims?

Isit relevant?

Isit balanced and unbiased?

Doesit refer to areas of uncertainty?

9. Does it describe how each treatment works?

10. Does it describe the benefits of each treatment?

11. Does it describe the risks of each treatment?

12. Does it describe what would happen if no treatment is used?

15. Does it provide support for shared decision-making?

Section 3: overall rating of the video

Isit clear what sources of information were used to compile the video?

3.
4.
5. Isit clear when the information used or reported in the video was produced?
6.
7. Does it provide details of additional sources of support and information?

8.

Section 2: how good isthe quality of information on treatment choices?

13. Does it describe how the treatment choices affect overall quality of life?

14. Isit clear that there may be more than one possible treatment choice?

16. Based on the answers to al of the above questions, rate the overall quality of the video as a source of information about treatment choices

Statistical Analysis

Statistical analysis was performed using Stata (version 13,
StataCorp). Intercategory differences were assessed using
Kruskal-Wallis tests and the post hoc Dunn test. Interrater
reliability was assessed using the Cohenk statistic. A DISCERN
score of +1 or —1 point was considered agreement. Associations
between engagement metrics and DISCERN scores were
evaluated using linear regression. Significancewas set at P<.05.
Data are presented as median (IQR) values.

Availability of Data and Material

The data sets used or analyzed in this study are available from
the corresponding author on reasonable request.

https://publichealth.jmir.org/2021/7/€29942

Results

Video Char acteristics

The video review process is illustrated in Figure 1. From the
200 results of each search, 52 duplicate videos were removed,
yielding 348 unique videos. After the video title and channel
were screened and the full video was assessed, 48 videos were
included for data extraction, with a combined total view count
of 30,100,561. Videos that were not in English (n=62) or did
not meet the study inclusion criteria (n=225)—describing topics
such asvaccination priority, nationa distribution plans, politics,
or pandemic mortality figures—were excluded. The
characteristics of the included videos are summarized in Table
1. The majority (75%) of videoswere produced by US channels.
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The median number of views per video was 236,064 (IQR 152,082-596,234).

Figure 1. Flow diagram for the results for searches on COVID-19 vaccine—related videos on YouTube and the video selection process for inclusion
in the study. The 2 searches were performed on December 10, 2020.

YouTube search for YouTube search for
“coronavirusvaccine” “COVID-19 vaccine”
(n=200) (n=200)

h h 4

Videos after duplicatesremoved

(n=348)
Video titles & channels screened Videos excluded (n=287)
* Non-Englishtitle or channel (n=
( _348} * Non-English titl h | (n=62)
n= Not relevant title (n=225)
Full videos assessed Videos excluded (n=13)
* Non-English content (n=1)
(n=61)
= Content did not meet criteria (n=12)

Included videos
(n=48)
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Table 1. Characteristics of COVID-19 vaccine—related YouTube videos included in the study.

Characteristics Values

Country of origin, n (%)
United States 34 (75)
United Kingdom 6 (13)
Canada 3(6)
Germany 2(4)
Australia 1(2)
Switzerland 1(2

Channel type, n (%)
Educational (nonmedical) 10 (21)
Educational (medical) 6 (13)
Independent users 5(10)
Internet media 10 (21)
News agencies 13 (27)
Nonprofit or medical organizations 4(8)

Video duration (minutes), median (IQR) 9:18 (4:42-11:51)

Video age (days since upload), median (IQR) 54 (19-191)

Engagement, median (IQR)
Views
Views per day since upload
Likes
Dislikes
Likes.dislikes ratio

Comments

236,064 (152,082-596,234)
6364 (3031-11,717)

5600 (2300-9200)

545 (236-1200)

14.3 (3-24)

1891 (1059-3424)

Source

The 48 videos were segregated into 6 categories by their
YouTube channel type. The contribution of each channel type

https://publichealth.jmir.org/2021/7/€29942

RenderX

toward the total view count is detailed in Table 2. The most
viewed video (6,668,737 views, 22% of total views) described
the mechanisms of action of COVID-19 vaccines and was
produced by a medical organization (JAMA Network).
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Table2. Engagement metrics, content, adherenceto the Heal th on the Net Foundation Code of Conduct (HONCode), and DISCERN score of COVID-19
vaccine—related videos on YouTube, stratified by channel type.

Parameters Educationa Educationa Independent Internet me- Newsagen-  Nonprofit or Overal Pvalue?
(nonmedical) (medical) nonmedical dia cies medical organiza
users tions
Videos, n (%) 10(21) 6 (13) 5(10) 10(21) 13(27) 4(8) 48 (100) N/AP
Tota views, n (%) 5,473,987 (18) 1,467,003(5) 1,766,051 (6) 4,205,972 9,798,419 7,389,129 (25) 30,100,561 N/A
(14 (33 (100)
Views per video, 367,560 213,707 221,299 197,365 275,615 247,977 236,064 N/A
median (IQR) (162,635~ (143,570- (209,150- (135,953- (137,721- (241,877- (152,082-
623,924) 302,387) 334,553) 557,721) 644,970) 1,853,382) 596,234)
Views per day 7604 (3681- 8309 (5179- 8852 (7406- 1984 (880- 5560 (4279- 11,734 (2532- 6364 (3031- N/A
sinceupload, medi- 10,802) 9699) 27,879) 5470) 10,656) 37,832) 11,717)
an (IQR)
Likes, median 15,050 (6050- 5600 (5000- 10,000 (5800- 4200 (2000- 2600 (1300- 3400 (1998- 5600 (2300-  N/A
(IQR) 25,250) 6725) 10,000) 6275) 5100) 15,200) 9200)
Didlikes, median 656 (261-1325) 268(213-405) 557 (342-701) 651 (223- 716 (404- 1700 (970-5700) 545 (236- N/A
(IQR) 1200) 1200) 1200)
Likesdislikesra= 23.8(18-26)  20.9(18-25) 18 (6-30) 123(3-18) 4.3(2-11) 2.8(2-8) 143(3-24)  N/A
tio, median (IQR)
Comments, median 1633 (1047- 1932 (1691- 2133 (1680- 1430 (622- 2204 (1194- 1258(735-1858) 1891 (1059- N/A
(IQR) 3444) 2253) 6402) 3480) 3611) 3424)
Content®, n (%) N/A
Vaccinescience 9 (90) 6 (100) 1(20) 5 (50) 4(31) 3(75) 28 (58)
Tria process 5 (50) 5(83) 1(20) 7 (70) 8(62) 2(50) 28 (58)
Manufacturing 2 (20) 0(0) 0(0) 4 (40) 2(15) 0(0) 8(17)
process
Sideeffectsand 3 (30) 5(83) 5 (100) 1(10) 7(54) 2(50) 23 (48)
safety
Vaccineeffica= 2 (20) 5(83) 3(60) 2(20) 4(31) 1(25) 17 (35)
cy
Public health 3(30) 1(17) 1(20) 3(30) 1(8) 1(25) 10 (22)
information
HONCcode adherence (/8), n (%) N/A
Low (0-2) 2 (20) 1(17) 5 (100) 5 (50) 10(77) 3(75) 27 (56)
Moderate (3-5) 7 (70) 5(83) 0(0) 4 (40) 3(2Q) 1(25) 20 (42)
High (6-8) 1(10) 0(0) 0(0) 1(10) 0(0) 0(0) 1(2
DISCERN score, median (IQR)
Reliability (/40, 28.5(25.9-32.5) 35.5(32.0- 18 (18-20) 24.8(23.3- 238(20.5- 235(229-245) 25(22.9-29.1) <.001
n=48) 39.4) 26.8) 24.5)
Treamentquali- 16.5(14-18)  21.3(20.1- 19 (19-19) 175(17.0- 148(126- 205(16.8-21.3) 183(151-  .052
ty (/35, n=30) 25.8) 18.5) 17.4) 20.5)
Overall quality 3 (3-4) 48(4.1-50) 35(35-35) 3(2540 25(20-31) 3(3.0-35 3.3(3-4) .07
judgement (/5,
n=30)
Total score 485(46.5-53.0) 64.3 (58.5- 435(43.5-435) 49 (45.5- 40.3(34.8- 52(45.5-54.3) 50(45.1-53.1) .03
(/80, n=30) 66.3) 52.0) 47.0)

8 values were produced using Kruskal-Wallis tests. Significant figures arein italics.
ON/A: not applicable.

CPercentage values have been calculated relative to the total number of videos of each channel type: educational (nonmedical) (n=10), educational
(medical) (n=6), independent nonmedical users (n=5), internet media (n=10), news agencies (n=13), and nonprofit or medical organizations (n=4).

https://publichealth.jmir.org/2021/7/e29942 JMIR Public Health Surveill 2021 | vol. 7 |iss. 7| €29942 | p.26
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Content

Twenty-eight of 48 (58%) videos addressed vaccine science
and mechanisms of action. Twenty-eight videos al so discussed
vaccine trials, and 23 videos discussed vaccine safety or side
effects. Ten videos advocated the importance of continued
traditional public health measures to reduce COVID-19
transmission (eg, hand-washing, mask-wearing, and social
distancing).

Regarding nonfactual content, 2 videos (1 by internet media
and 1 independently produced) contained unsubstantiated
vaccine safety concerns, despite YouTube's aforementioned
COVID-19 misinformation policy. Both videoswereinterviews
with a single prominent antivaccination advocate. These 2
nonfactual videos accounted for 390,927 views (1.3% of total
viewership).

Chanet a

Adherence With HONcode and DISCERN Principles

There was strong interrater agreement for both HONcode
principles (median 94%, QR 93%-97%; median k=0.81, IQR
0.73-0.87) and DISCERN (median 88%, | QR 82-94%; median
K=0.83, IQR 0.76-0.91).

Forty-seven of 48 (98%) videos had either low (56%) or
moderate (42%) adherence with HONcode principles. Ingeneral,
videos scored poorly regarding the disclosure of financial
sourcesand advertising (Table 3). Regarding the “ authoritative’
domain, only approximately half of the videos had an input
from amedical professional or relevant scientist. Additionally,
only a minority of videos fulfilled criteria relating to the
“attribution,” “justifiability,” and “transparency” of the data
presented.

Table 3. Description of principles of the Health on the Net Foundation Code of Conduct [8] and the number of COVID-19 vaccine—related YouTube

videos that met each criterion.

Principle Description Videos, n (%)

Authoritative Any medical or health advice provided in this video will only be given by medically trained and 27 (56)
qualified professionals unless a clear statement is made that the advice offered is from a nonmedi-
cally qualified individual or organization.

Complementary Theinformation provided is designed to support, not replace, the relationship that exists betweena 38 (79)
patient and his/her existing physician.

Privacy Theinformation in the video maintainsthe right to confidentiality and respect of theindividual patient 0 (0)
featured.

Attribution Where appropriate, information contained in the video will be supported by clear referencesto 20 (42)
source data and, where possible, have specific links to those data.

Justifiability Any claims relating to the benefits or performance of a specific treatment, commercial product, or 20 (42)
service will be supported by appropriate, balanced evidence in the manner outlined inin attribution
principle.

Transparency The designers of the video will seek to provide information in the clearest possible manner and 17 (35)
provide contact addresses for viewers who seek further information or support.

Financia disclosure Support for thisvideo will be clearly identified, including theidentities of commercial and noncom- 7 (15)
mercia organizations that have contributed funding, services, or material for the video.

Advertising policy If advertising is a source of funding, it will be clearly stated. Advertising and other promotional 2(4)

material will be presented to viewers in amanner and context that facilitate differentiation between

it and the original content.

There were significant differencesin DISCERN reliability and
overall scoresamong different channel types (P<.001 and P=.03,
respectively). Educational channels produced by medical
professionals attained the greatest median (IQR) DISCERN
scores for reliability (median 35.5, IQR 32.0-39.4), quality
(median 21.3, IQR 20.1-25.8), user judgement (median 4.8,
IQR 4.1-5), and overall score (median 64.3, IQR 58.5-66.3).
Videos produced by independent nonmedical individuas
achieved the lowest reliability score (median 18, IQR 18-20).
The post hoc Dunn test revealed that educationa channels
produced by medical professional s attained significantly higher
overall DISCERN scoresthan nonmedical educational (P=.01),
independent (P=.02), internet media (P=.01), and news channels
(P<.001). Additionally, both educational channels produced by
medical and nonmedical professionals achieved significantly
higher DISCERN reliability scores than those produced by
independent nonmedical users (P<.001 and P<.001,

https://publichealth.jmir.org/2021/7/€29942

respectively), internet media (P=.007 and P=.04, respectively),
and news channels (P<.001 and P=.003, respectively).

Regression analysisreveal ed no significant association between
engagement metrics and DISCERN or HONcode scores
(Multimedia Appendix 1, Table S3). However, there was a
significant positive association between DISCERN and
HONCcode ratings for all videosincluded in the study (P<.001;

r’=.583).

Discussion

Principal Findings

This study highlights the importance of YouTube as a medium
for sharing of curated COVID-19—related information. We
demonstrate growing public interest in extracting vaccine-related
content from this resource, with the videos shortlisted in this
study having been viewed over 30 million times globally thus
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far, and an average of 1890 comments in the discussion thread
of each video. The available content appearsfavorably received,
with a mean of 14.3 likes per didlike per video. This study,
however, demonstrates the varying quality of information
provided on YouTube, with 98% of reviewed content with low
to moderate adherence to HONcode principles and DISCERN
reliability scores ranging from 18 (nonmedical individuals) to
35.5 (educational channels) out of 40.

Despite variable video quality, our search identified only 2
(4.2%) videos that would constitute mis- or disinformation,
which accounted for only 1.3% of the total viewership. In
comparison, studies evaluating misinformation on YouTube,
published in March and June 2020, highlighted a significantly
higher proportion of videos containing misleading or nonfactual
information [12,13]. This is probably owing to YouTube's
COVID-19 medical misinformation policy, which came into
effect on October 14, 2020. YouTube now operates a “three
strikes” system to prevent users from uploading unsubstantiated
videos, which parallelsthe COVID-19 misinformation policies
of Facebook and Twitter [14,15]. While the policy is explicitly
directed at videos that contain unreal claims, such as the
COVID-19 vaccines*“kill peoplewho receivethem” or “contain
amicrochip,” tackling more insidious forms of misinformation
in a timely manner has proven difficult. Recent criticism of
these policies has highlighted their reliance on scientific
consensus from health authorities to determine what exactly
consgtitutes misinformation [16]. In such a rapidly developing
field, with limited longitudinal evidence, this consensus cannot
be readily achieved, which allows time for inaccurate social
media content to be shared. Thisis of particular concern since
previous studies on vaccine hesitancy have reported that videos
of a negative tone are more likely to be shared and liked, thus
perpetuating misinformation and confirmation biases [17]. In
an effort to rapidly combat this, there has been increased
government engagement and centralization of initiatives to
reduce and prevent the spread of misinformation. The World
Health Organization, in partnership with government agencies,
has introduced several initiatives to improve public awareness
of and to tackle vaccine-related misinformation (the so-called
“infodemic”) ontheinternet [18,19]. Additionally, social media
companies and the government of the United Kingdom have
agreed on abattery of measuresto reduce vaccine disinformation
through rapid removal of flagged content and increased
cooperation with public health bodiesto ensure that authoritative
messages regarding vaccine safety are disseminated to as many
individuals as possible [20].

Along with user-directed policies, several other strategies have
been suggested to limit the dissemination of false health
information on social mediaplatforms. Theseinclude mobilizing
medical professionals as advocates to counter the propagation
of misinformation [21]. Among the videos reviewed in our
study, less than one-third were posted by nonprofit or medical
organizations or medical professionals, which accounts for a
lower proportion than that posted by news agencies.
Furthermore, videos from established heath-related
organizations such as JAMA Network or World Health
Organization only accounted for 25% of the total viewership.
While there has been an exponential growth in medical

https://publichealth.jmir.org/2021/7/€29942
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YouTubers, and despite the fact that videos produced by these
individuals achieved the highest reliability and quality scores,
concurrent with other studies, we found that their current role
remainslimited [22]. Of note, the most viewed shortlisted video
was developed by JAMA Network, which may suggest the
importance of brand recognition or marketing in attracting
audiences.

In addition to the varied provenance of available vaccine-related
content, we identified a paucity of reliable information on
YouTube. Information in videos produced by reputable
health-rel ated organizations was significantly more reliablethan
that obtained from videos produced by only nonmedical
individual users (P=.007), and itsreliability was comparableto
videosfrom all other categories. The mgjority also only achieved
“low adherence” to HONcode principles. Even though most of
the videos produced by these nonprofit or medical organizations
explained vaccine conceptsin aclear and approachable manner,
often utilizing the “infographic” format, they did not cite sources
or providelinksto further information, acommon phenomenon
in videos produced by established educational channels on
YouTube. Thus, these videos were unable to fulfil both
DISCERN reliability indicators (eg, “ referencing of information”
and “directing viewers to additional sources of knowledge”)
and HONcode principles (eg, attribution and transparency) and
were unable to attain high scores.

While nonfactual claims were limited to a small minority of
videos, the absence of key information—particularly regarding
basic vaccinology and the importance of concurrent public
health measures—currently limitsthe utility of YouTubevideos
as robust sources of public health information. These findings
echo those of previous studies reporting that reliability and
quality of non—vaccine-related information on COVID-19 on
YouTube is unsatisfactory [13,23]. As such, viewers are
provided with incomplete evidence as to how the COVID-19
vaccine fits into the larger public health effort and are not
provided with curated resources that could potentially provide
these pertinent details.

Limitations and Future Directions

There are some limitations to this study. First, the subset of
videos examined were limited to the English language only,
given that 88% of the videos were from the YouTube channels
from the United States or the United Kingdom. While this
represents alanguage bias and limits the generalizability of our
findings to different languages and non—English-speaking
countries, we note that similar findings have been reported with
respect to COVID-19—elated information in other languages
[13].

Second, the search strategy was limited to 2 search phrases
(“coronavirus vaccing” and “COVID-19 vaccing’). These
phrases would not encompass the various searches the general
public may make on this topic (eg, “covid vaccine’
“coronavirusvaccination,” or “covid vaccination™), which could
yield different video results. Additionally, the search termsused
were“neutral” and may not reflect searches made by individuals
who (1) have aready been previoudy subjected to
misinformation, (2) have a network that shares similar
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misinformation content, or (3) are part of groups that are more
likely to seek misinformation.

Third, videos were first screened by title relevance and for the
purpose of pragmatism, only those videosthat had titles relevant
to 5 domains of COVID-19 vaccine information (mechanisms
of action of vaccines, clinical trial procedures, manufacturing
processes, side effects and safety, and vaccine efficacy) were
considered for full video analysis. However, videos with
nonrelevant titles may till contain relevant information on
COVID-19 vaccination and given that they are accessible by
the public through neutral search terms, they could contribute
toward the dissemination of incorrect or low-quality information.
Additionally, a large majority of search results were excluded
at the screening stage, which resulted in a relatively small
samplesize. Thisprocess may haveintroduced a selection bias,
limiting the generalizability of our findings. For completeness
of reporting in the future, al videosin the search results should
be analyzed for low-quality or incorrect information.

Fourth, the search was conducted at a single timepoint
(December 10, 2020), which wasrelatively early inthetimeline
of global COVID-19 vaccine distribution. Given the dynamic
nature of the COVID-19 pandemic and vaccine devel opment,
knowledge and attitudes regarding vaccination may evolve with
increased scientific understanding and public health
interventions. Moreover, the search results used in this study
led to the inclusion of videos produced in late March and April
when vaccine development was il in its early stages.
Therefore, topics such as vaccine manufacturing, efficacy, or
safety were not discussed in this early sample. These videos
instead concentrated on the explanation of vaccine science and
the methodology of clinical trials. A cross-sectional analysis of
YouTube videos through searches at multiple timepoints or of
those stratified by the age of the video could be conducted in
thefuture to assessthe progression of video content and quality.

Chanet a

Fifth, although used in previous studies that assessed YouTube
as a source of medical information, DISCERN and HONcode
principles were developed and validated for the assessment of
written medical information. However, a strong interrater
agreement between the scoring systems suggests they are
reasonable toolsto usein the absence of avalidated alternative.

Finally, although efforts were made to reduce selection bias by
performing the search in an incognito window, the physical
search location could still be revealed to YouTube through the
IP address. As such, further studies should consider assessing
the nature of content that users are exposed to at different
locations, perhaps carrying out stratifying analysis using
socioeconomic markers such as index of multiple deprivation.
Additionally, routes of misinformation may vary depending on
culture, education level, and even at anational level. Social and
ethnic determinants have been demonstrated to impact vaccine
hesitancy [24,25]. It is important to understand the drivers of
vaccine hesitancy and develop high-quality, widely available
educational resources to target these demographic groups and
improve vaccine uptake. Creating videos in collaboration with
medical professionals and taking advantage of YouTube's
widespread reach represents one potential solution.

Conclusions

Our findings demonstrate that YouTube videos produced by
educational channels, especialy those produced by medical
professionals, achieve the highest quality and reliability metrics.
Consistent with previous similar studies, this suggeststhat there
is currently a missed opportunity in collaboration between
respected hedth-related organizations and established
educational YouTube content producers to disseminate
high-quality information on COVID-19 vaccination [26]. This
could potentially be a rapidly implementable public health
intervention to engage a wider audience and increase public
awareness and knowledge.
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Abstract

Background: COVID-19 hasdisrupted lives and livelihoods and caused widespread panic worldwide. Emerging reports suggest
that people living in rural areas in some countries are more susceptible to COVID-19. However, there is a lack of quantitative
evidence that can shed light on whether residents of rural areas are more concerned about COVID-19 than residents of urban
aress.

Objective: Thisinfodemiology study investigated attitudes toward COVID-19 in different Japanese prefectures by aggregating
and analyzing Yahoo! JAPAN search queries.

Methods: We measured COVID-19 concernsin each Japanese prefecture by aggregating search counts of COVID-19—related
queries of Yahoo! JAPAN users and data related to COVID-19 cases. We then defined two indices—the localized concern index
(LCI) and localized concern index by patient percentage (L CIPP)—to quantitatively represent the degree of concern. To investigate
the impact of emergency declarations on people's concerns, we divided our study period into three phases according to thetiming
of the state of emergency in Japan: before, during, and after. In addition, we evaluated the relationship between the LCI and
LCIPP in different prefectures by correlating them with prefecture-level indicators of urbanization.

Results:  Our results demonstrated that the concerns about COVID-19 in the prefectures changed in accordance with the
declaration of the state of emergency. The correlation analyses aso indicated that the differentiated types of public concern
measured by the LCI and LCIPP reflect the prefectures’ level of urbanization to a certain extent (ie, the LCI appears to be more
suitable for quantifying COVID-19 concern in urban areas, while the L CIPP seems to be more appropriate for rural areas).

Conclusions:  We quantitatively defined Japanese Yahoo users concerns about COVID-19 by using the search counts of
COVID-19—elated search queries. Our results also showed that the LCI and L CIPP have external validity.

(JMIR Public Health Surveill 2021;7(7):€29865) doi:10.2196/29865

KEYWORDS

COVID-19; search query; infodemiology; quantitative analysis, concern; rural; urban; Internet; information-seeking behavior;
attitude; Japan

communities[1]. Asof July 12, 2021, COVID-19 has affected
220 countries and territories, with over 187 million confirmed

The COVID-19 pandemic has been threatening global health cases,.and has claimeq over 4 million lives[2]. (_ZOVID—19 has
since the end of December 2019. The outbreak has created &S0 disrupted many lives and caused psychological traumaon

critical challenges for public health, research, and medical  alargescale[3,4].

Introduction
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Aswith any outbreak of an infectious disease, the population's
psychological reactions play acritical rolein shaping the spread
of the disease and the occurrence of emotional distress and
social disorder during and after the outbreak [5]. Recently,
Ahorsu et al [6] developed the Fear of COVID-19 Scale
(FCV-19S) by conducting qualitative interviews to assess
individuals fear of COVID-19. Gao et a [7] found that greater
concern about COVID-19 (frequent exposure to
COVID-19—elated social media) was positively associated with
adverse mental health outcomes. Furthermore, Su et al’s [8]
Twitter-based anaysis revealed that spatial-temporal and
socioeconomic disparities shaped US residents' response to
COVID-19.

Infodemiology is the science of distribution and determinants
of information in an electronic medium, specifically theinternet,
or in apopulation, with the ultimate aim to inform public health
and public policy [9]. The underlying objective of this field is
to measure the pulse of public opinion, attention, behavior,
knowledge, and attitudes by tracking what people do and write
on theinternet [10], such as by analyzing queries from internet
search enginesto predict disease outbreaks. Bernardo et al [11]
published a scoping review in which they assessed the current
state of knowledge regarding the use of search queriesand social
media for disease surveillance, showing their usability.
Daughton et al [12] conducted an infodemiology study using
social media data from Twitter to identify human behaviors
associated with COVID-19 transmission and the perceived
impact of COVID-19 on individuals. Mavragani et al [13]
provided amethodol ogical framework for using Google Trends
in infodemiology by analyzing the value and validity of using
Google Trends data.

Worryingly, use of the internet and social media has increased
dramatically due to the enforcement of social distancing and
stay-at-home ordersin many areas, which hasled to more search
queries for updates on the loca COVID-19 situation [14].
However, there is a lack of quantitative evidence about the
relationship between these searches for updates and the
psychological reactions of the population toward COVID-19.
Additionally, one may think that residents of urban areaswould
show more concern about COVID-19 due to larger crowds and
easier access to public transportation. However, concern about
COVID-19 is also prevalent in rura areas, given that people
who live in rural areas may be more vulnerable to COVID-19
than residents of urban areas [15,16].

Therefore, we aimed to quantitatively reflect the different types
of concern in rural and urban areas by analyzing the Japanese
public's psychological reactions toward COVID-19 using an
infodemiology approach (ie, concern about COVID-19in search
gueries). We used Yahoo! JAPAN to get the search queriesin
this study because it is the largest porta site in Japan, with a
significant user base; there are about 70 million and 20 million
monthly active usersfor smartphone and PC, respectively. This
covers about 85% of smartphone users and 61% of PC usersin
Japan. The proportion of female and male smartphone usersis

https://publichealth.jmir.org/2021/7/e29865
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52% and 48%, respectively. About 32% of usersare aged 20-39
years, 40% of users are aged 40-59 years, and 28% of usersare
aged =60 years [17]. We first developed two concern indices
based on search queries to measure generalized COVID-19
concerns, which we called the localized concern index (LCI)
and the localized concern index by patient percentage (L CIPP).
We then used these indices to investigate COVID-19 concerns
in relation to prefecture urbanization. To evaluate the feasibility
of these concern indices, we examined the prefecture-level
correlations with several indicators of ruralization and public
health outcomes. The Methods section details the process of
defining the LCI and L CIPP equations.

Methods

Target Queries

First, we explored people's COVID-19 concerns by analyzing
search queries over different time periods. We initialy
established a baseline of common search queries prior to and
during the pandemic by selecting the search queries of Yahoo!
JAPAN'susersfrom April to May 2019 and from April to May
2020 (we chose to examine queries during April and May due
to the Japanese government’sdecl aration of astate of emergency
inApril 2020[18]). Additionally, since older adults (those aged
>65 years) are at a significantly greater risk of adverse
COVID-19 outcomes [19], we speculated that there might be
more COVID-19-related search queries from this group.
Therefore, we started the analysis by targeting the search queries
of people over 65 years of age. We extracted 100,000 search
queries of thisolder population for the two af orementioned time
periods and ranked them in reverse order according to the search
counts. A change in time period results in a change in search
guery ranking; thus, we quantified the difference in ranking by
defining the following rank change index:

@

Thelarger the index, the fewer the search counts for this query
in 2019 or the greater the number of search countsin 2020, and
viceversa. A constant of two was added to both the numerator
and denominator, to avoid instances of zeros (uncountable) in
the search counts. Table 1 showsthe top five rapidly increasing
search queries in April 2020 compared to April 2019. As
expected, these terms appeared to be COVID-19—rel ated.

Consistently, of the top 100 queriesin the ascending query list,
76 queries contained COVID-19—elated keywords (eg, 2 O +
[corona], ¥ 2 ¥ [mask]); of these, 33 queries contained
prefecture names combined with I O + B3 (coronacases).
A query pattern, such asthe prefecture name plus* coronavirus
cases,” clearly displaysthe prefecture’sinformation and it also
reflects the user's concern about COVID-19 to some extent.
Therefore, we chose this query pattern as our target query and
sorted the queries by region according to the prefecture names
mentioned in the query. Table 2 lists some query samples used
in this study.
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Tablel. Topfiverapidly ascending search queriesand their rank changeindex in April 2020 compared to April 2019. Thefirst one, “novel_coronavirus,”

isthe original data we retrieved from the database.

Search query

Rank change index

novel_coronavirus

Y v —7 7 R Y (Sharp'sface mask)
#3059 1)L R (novel coronavirus)
1 O BfE L (corona cases)

RAEER 20 F 9 4L ZEEEEE (Tokyo coronavirus cases)

18.87
18.74
17.99
17.96
17.63

Table 2. Samples of target queries.

Search query

Rank change index

RAEER 20 F 9 4L ZEEEEE (Tokyo coronavirus cases)
HE)I[R 3 o0 F B (Kanagawa corona cases)

WER 2079 40 RESEE (Saitama coronavirus cases)

m

[EE 207 v 1) REGE (Fukuoka coronavirus cases)

-
RYE 3 0F 9 4 REEEEE (Ibaraki coronavirus cases)

17.63
16.26
16.18
16.11
15.84

Baseline Queries

However, when we cal culated the search counts of target queries
that comprised the prefecture name and “ coronavirus cases’
from January to September 2020, we found that the search
countsin Tokyo were much higher than in the other prefectures,
as shown in Figure 1. It is possible that Tokyo's larger
population meant that the frequencies of the genera search
counts were higher than in less populated prefectures. We
speculated that this excessive disparity would inevitably have
animpact on our subsequent calculations. To mitigate thiseffect,
we introduced baseline queries for each prefecture that were
frequently searched for in that prefecture and that had a
relatively stable search count for a certain period. The baseline
gueries contained the prefecture name and “X,” where “X”

referred to any keywords aslong asthe sample variance of their
monthly search counts was as small as possible. For example,
for Tokyo, R 23[X (Tokyo 23 wards) and R IR XX &%
(past weather in Tokyo) were some of the baseline queries, and
their sample variances of search counts in these nine months
were 499.6 and 683, respectively. In summary, we compared
the search counts of possible queries with the above pattern
from January to September 2020, and then identified the top
three queries with the smallest sample variance during those
nine months to form the baseline queries. This was done to
balance theimpact of excessive disparities by using the quotient
of the baseline query and our target query, as the search counts
of the target queries were high for urbanized prefectures (such
as Tokyo), where the search count frequencies of the baseline
gueries were also high.

Figure 1. Search counts of targeted queriesin Tokyo, Osaka, and Hokkaido, as well as the national average from January to September 2020.
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COVID-19 Concern Indices

Next, our query-based equation to quantify the level of concern
about COVID-19—the LCI equation—was defined for each
prefecture pref as follows:

El

wheretd,« and ba,« arethe target query and the baseline query,
respectively, and Count(.) is a function that counts the
occurrences of a query. We used the logarithmic result for the
LCI calculation, which suggests that a higher LCI means a
higher frequency of baseline-controlled, prefecture-specified
COVID-19—related queries, whichin turn reflectsagreater level
of concern about COVID-19 in that prefecture.

However, the LCI appeared to be greatly influenced by the
severity of the COVID-19 situation in each prefecture. For
example, urbanized areas, such as Tokyo and Osaka, which are
thefirst and second most popul ous citiesin Japan and the hardest
hit, naturally had the highest search counts for target queries
and ahigher LCI. The COVID-19 pandemic hasraised people's
anxiety levels[20], and the LCI appears to reflect this attitude
in hard-hit, largely urban areas. However, heightened concern
about COVID-19 in rura areas [21] does not seem to be
reflected in the LCI. Rather, given the lower number of cases
inrural areas, it islikely that concern about COVID-19 in rural
areas may be related to socioecological variables unrelated to
therisk of infection.

For this reason, we attempted to improve our LCI equation to
be able to examine COVID-19 concerns beyond the direct
influence of actual COVID-19 cases. We argue that this would
quantify the prevalence of concern about COVID-19 beyond
the risk of actual infection. To do so, we modified the LCI to
account for the number of new cases per month in each
prefecture by the population of that prefecture to calculate the
percentage of infected patients; that is, Number of monthly new
cases/population.

In summary, the LCIPP for each prefecture pref was cal cul ated

asfollows:
@]

Similarly, we used the logarithmic result for the LCIPP
calculation.

Correlation Indicators

To examine whether the differentiated patterns of associations
for the LCl and LCIPP reflected the COVID-19 concerns in
rural and urban areas, we examined prefecture-level correlations
with both indices. Accordingly, weincluded the corresponding
measures and examined the following aspects, with the
corresponding indicators in parentheses: (1) the prevalence of
farming (number of farming households, percentage of farmland,
rice production), (2) population change (rate of population
change), (3) ease of accessihility (reachable areas within one

https://publichealth.jmir.org/2021/7/e29865

Gao et a

hour from major stations of each prefecture, travel time from
Tokyo to major stationsin each prefecture), and (4) public health
outcomes (reported symptoms, daily outpatients, COVID-19
cases per million residents).

We argue that rural areas can be identified by the higher
prevalence of farming households, more farming area, and
higher rice production. Conversealy, urban areas can beidentified
by their higher population density, ease of accessibility (the
proportion of reachable areas within one hour from major
stations of each prefecture), and rate of population change (urban
areas should exhibit popul ation growth, whilerural areas should
show a population decline). Finally, prefectural public health
was measured as the number of cumulative COVID-19 cases
per 1 million residents (as of September 30, 2020), the
proportion of the population that reported general symptoms
(non—COV ID-19—related), the number of ambulance dispatches,
and the number of daily outpatients in 2019. Public health
outcomes are ableto reflect the current state of local health care
to some extent. Since COVID-19 outbreaks would take over
existing health care resources, we aimed to find therel ationship
between public concern about COVID-19 and the current state
of local hedth care through the public health outcomes
indicators.

Results

L CI and LCIPP Resultsby Prefecture

Figure 2A and Figure 2B show the geographical results of the
LCI and LCIPP from January to September 2020, respectively.
Table 3 shows the top prefectures with the highest and lowest
LCl and LCIPP. These are also shown asthe darkest and lightest
regionsin Figure 2, respectively. In addition, we examined the
L Cl and L CIPP across three phases following the timing of the
state of emergency: (1) before the state of emergency
(January-March), (2) during the state of emergency (April-June),
and (3) after the state of emergency (July-September). For a
breakdown of the LCI and LCIPP by prefecture, pleaserefer to
our online supplementary material [22]. The LCI results show
that before the declaration of the state of emergency, there was
alow level of concern about COVID-19 nationwide. However,
with the state of emergency declaration, some prefectures
(including Tokyo and Ibaraki) began to show a high level of
concern. At the end of the state of emergency, the overal level
of concern in the country did not change much, though
prefectures such as Hokkaido showed a slight decrease. The
L CIPP results show a high level of concern for COVID-19 in
Hokkaido even before the national state of emergency was
declared. This is because Hokkaido activated COVID-19
response measures at an earlier stage (March 2020) [23], which
resulted in a high level of concern for COVID-19 among local
residents. With the declaration of a nationwide state of
emergency in April 2020, most prefectures also showed a high
level of concern, and with the end of the state of emergency,
the level of concern declined accordingly.
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Figure 2. Geographical results. The prefectures with orange boundary lines are the ones mentioned in this study: Hokkaido, Niigata, Ibaraki, Tokyo,
and Osaka. (A) Localized concernindex (LCI) results. (B) Localized concern index by patient percentage (L CCIP) results.
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Table 3. Prefectures with the highest and lowest localized concern index and localized concern index by patient percentage.

Search query

Rank change index

RIEER 20 F 9 4 RERZEE (Tokyo coronavirus cases)
LS
BER 307 Y 1) REERE (Saitama coronavirus cases)
RRER 3 0% Y 4 RS (Fukuoka coronavirus cases)

TR 30 F 9 4 REEZEE (Ibaraki coronavirus cases)

JII'R 3 0+ B# (Kanagawa corona cases)

17.63
16.26
16.18
16.11
15.84

Of all the prefectures, we selected four to bedisplayed in Figure
3: Tokyo, Osaka, Niigata, and Ibaraki. We used the number of
farming households as a criterion for distinguishing between
urban and rural areas. According to a survey by the Statistics
Bureau of Japan [24], Tokyo and Osaka have the lowest numbers
of farming householdsin Japan, while |baraki and Niigata have

the highest numbers. Thissuggeststhat Niigataand |baraki have
relatively lower urbanization rates than Tokyo and Osaka.
Nevertheless, Figure 3 indicates that some urban areas (ie,
Tokyo and Osaka) have a relatively lower LCIPP than some
rural areas (ie, Ibaraki) in terms of the general trends.

Figure 3. LCIPP results of Tokyo, Osaka, Niigata, and Ibaraki, as well as the national average from January to September 2020. L CIPP: localized

concern index by patient percentage.
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Correlationswith the LCl and LCIPP

By calculating the correlation coefficients of LCI and LCIPP
on the aforementioned indicators, our results showed that the
LCl was significantly correlated with the COVID-19 infection
risk (cumulative cases) and urbanized prefectures. The latter
was identified through population density and ease of

Gao et a

accessibility. The LCI was higher in prefecturesthat have ahigh
proportion of reachable areas within one hour from their major
stations and in prefectures that had growing populations. In
contrast, the LCIPP was higher in prefectures that were more
rural, as determined by their higher number of farming
households and rice production. Table 4 displaysthe correlation
results.

Table 4. Correlation coefficients of the whole phase localized concern index and localized concern index by patient percentage and some indicators.

Index and prefecture Vaue
Highest localized concern index
Tokyo 7.04
| baraki 5.90
Fukuoka 554
Saitama 531
Okayama 4.92
L owest localized concern index
Miyazaki 0.63
Ehime 0.87
Mie 0.96
Miyagi 1.02
Wakayama 1.07
Highest localized concern index by patient percentage
Okayama 14.36
| baraki 14.31
Niigata 13.78
Nagano 13.48
Aomori 13.46
L owest localized concern index by patient percentage
Miyazaki 8.68
Ehime 9.18
Gunma 9.23
Okinawa 9.30
Shiga 943

Age-Based L CI PP Results

We also investigated the LCIPP results for three different age
groups: (1) age 25-44 years, (2) age 45-64 years, and (3) age
>65 years. At this point, population in the L CI PP equation was

https://publichealth.jmir.org/2021/7/e29865

replaced by the number of people in each age group. Figure 4
shows that older people over the age of 65 years had fewer
concerns than those aged 25-44 years and 45-64 years, while
those aged 25-44 years and 45-64 years had almost the same
level of concern about COVID-19.
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Figure 4. LCIPP results for those aged 25-44 years, 45-64 years, and over 65 years. L CIPP: localized concern index by patient percentage.
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Discussion

Principal Findings

Nature of the LCI and LCIPP

As expected, the L Cl appeared to represent the overall concern
about COVID-19. To alarge extent, this was influenced by the
actual prevalence of COVID-19 within the prefecture. Similarly,
concern about COVID-19 was heightened in prefectures that
are dense, highly accessible, and growing in population. Most
likely, these are reflections of urbanized prefectures that have
ahighly developed infrastructure and that attract the migration
of younger workers due to ahigher number of job opportunities.
Assuch, thesefast-paced, young, and dense prefectures naturally
present agreater risk of COVID-19infection, and the increased
concern shown in the search queries that was observed in the
LCl isnot surprising.

However, once we removed the variance explained by the
inclusion of daily increases in COVID-19 cases from the
equation, we found the opposite effect. The LCIPP ceased to
reflect the COVID-19 risk in urban areas, and there was no
significant relationship with the cumulative COVID-19 cases.
Furthermore, the pattern of significant correlations revealed an
association with therural prefectures. Thelarger the proportion
of farming households and the greater the rice production, the
higher the public concern about COVID-19, which is beyond
that explained by the risk of infection. Why does the LCIPP
reflect increased ruralization? We posit an explanation in the
form of collectivism afforded by farming, specifically in
rice-farming societies [25,26]. These societies tend to be more
collectivistic and residents have a greater psychological desire
to protect the community from internal and external threats.
COVID-19isonesuch threat; thus, rural communities may have
greater vigilance and concern about preventing COVI1D-19 from
becoming prevalent in their community. Thisis also consistent
with prior studiesthat have established links between COVID-19
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concern and collectivism[27] and collectivism with COVID-19
prevention behavior [28].

This explanation has potential implications for policy.
Specifically, the discrepancy between the LCI and LCIPP shows
that more care must be taken when comparing public attitudes
toward COVID-19 between rural and urban communities. If the
LCIPP isindeed a result of collectivism and greater vigilance
against COVID-19, this may also indicate a broader adoption
of preventive measures, such as handwashing and mask wearing.
In contrast, the LCI does not seem to be similarly indicative of
such concerns. For greater effectiveness, public campaignsthat
promote such behaviors should therefore use different strategies
when targeting rural and urban communities.

Interestingly, we note that the public health measuresin Table
3 did not correlate significantly with the LCIPP. This suggests
that the preexisting or general health of a prefecture's population
does not appear to affect public concern about COVID-19.

Preliminary Analysis of the Age-Based Results

Japan, which is one of the fastest aging countriesin the world,
has the highest proportion of older people worldwide [29].
Emerging studies suggested that older people are more
susceptible to COVID-19 and likely to have poor outcomes
[19,30,31]. However, we found that individuals aged over 65
years had reduced LCIPP scores, which suggests that their
concern might be lower than that of those aged 25-44 yearsand
45-64 years. Alternatively, this could be a consegquence of
internet literacy, as users above 65 years of age may have less
proficiency in using the internet, or are simply less accustomed
to using search terms and queries for topics of concern.
However, more research is needed to contextualize this result.

Effectiveness of Search Queries as Public Concern
Indicators

Finally, we evaluated the useful ness of our method by extracting
search queries and combining them with actual COVID-19
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infection rates to quantify public concern. Our results showed
the correlations for the LCI and LCIPP demonstrate external
validity, asthey were both associated with constructsthat could
be explained by previous research. This study joins a growing
body of literature that uses web-based search queries to track
public health (eg, Murayama et a [32]), and the LCIPP adds
the dimension of using prefecture-level infection ratesto control
for expected outcomes. Therefore, this study was able to
effectively quantify public concern at a deeper level, which we
propose is explained by the collectivistic psychological
tendencies of a society.

Limitations

We note the limitations of our approach. Our method of
extracting prefecture information from search queriesrelied on
searchesfor the prefecture name + “ coronavirus cases,” and not
location-based information, such as | P addresses. This may not
necessarily represent queries that are only from residents of
these prefectures; it may also reflect queries from nonresidents
who are interested in the COVID-19 situation in these
prefectures (eg, a user who may have family in these
prefectures). In addition, although Yahoo! JAPAN has a large
user basein Japan, in the broader search engine market, Google

Gao et a

gtill has a significant share. Search queries and results might
vary between search engines dueto user preferences and service
provider settings. Therefore, from the perspective of data
diversity, it would be a better choice to consider acombination
of search queries from multiple search engines.

Conclusions

In summary, this study used search queriesfrom Yahoo! JAPAN
users to quantify the degree of concern about COVID-19 in
rural and urban areas. We first established that Yahoo search
queries could be used to quantify COVID-19-elated concerns.
We then defined the LCI and LCIPP as quantitative indicators
of prefecture-level COVID-19 concern. The LCl wasindicative
of COVID-19 concern in urban areas, whereas the LCIPP
appeared to be indicative of COVID-19 concern in rural
prefectures. By investigating the relationships between these
concern indices and prefecture-level information, we showed
that the LCI and LCIPP have externa validity. These results
suggest that one potential application could be conducting
differentiated public campaigns about COVID-19 prevention
and misinformation. In light of the different sources of concern
in rural and urban areas, such campaigns could adopt different
risk communication strategies in these areas.
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Abstract

Background: The COVID-19 pandemic has resulted in panic among the general public, leading many people to seek out
information related to COVID-19 through various sources, including social media and traditional media. Identifying public
preferences for obtaining such information may help health authorities to effectively plan successful health preventive and
educational intervention strategies.

Objective: The aim of this study was to examine the impact of the types of sources used for obtaining COVID-19 information
on the attitudes and practices of the general public in Saudi Arabia during the pandemic, and to identify the socioeconomic and
demographic factors associated with the use of different sources of information.

Methods: This study used data from a cross-sectional online survey conducted on residents of Saudi Arabiafrom March 20 to
24, 2020. Data were analyzed using descriptive, bivariate, and multivariable logistic regression analyses. Bivariate analysis of
categorical variableswas performed to determine the associ ations between information sources and soci oeconomic and demographic
factors. Multivariable logistic regression analyses were employed to examine whether socioeconomic and demographic variables
were associated with the source of information used to obtain information about COVID-19. Moreover, univariable and multivariable
logistic regression analyses were conducted to examine how sources of information influence attitudes and practices of adhering
to preventive measures.

Results: Inthisanalysisof cross-sectional survey data, 3358 participants were included. Most participants reported using social
media, followed by the Ministry of Health (MOH) of the Kingdom of Saudi Arabia, as their primary source of information.
Seeking information viasocial mediawas significantly associated with lower odds of having an optimistic attitude (adjusted odds
ratio [aOR] 0.845, 95% CI 0.733-0.974; P=.02) and adhering to preventive measures (aOR 0.725, 95% Cl 0.630-0.835; P<.001)
compared to other sources of information. Participants who obtained their COVID-19 information viathe MOH had greater odds
of having an optimistic attitude (aOR 1.437, 95% CI 1.234-1.673; P<.001) and adhering to preventive measures (aOR 1.393,
95% CI 1.201-1.615; P<.001) than those who obtained information via other sources.

Conclusions:  This study provides evidence that different sources of information influence attitudes and preventive actions
differently within a pandemic crisis context. Health authorities in Saudi Arabia should pay attention to the use of appropriate
social media channels and sources to alow for more effective dissemination of critical information to the public.

(JMIR Public Health Surveill 2021;7(7):€28888) doi:10.2196/28888
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Introduction

COVID-19, which was caused by the novel SARS-CoV-2 virus,
was first reported in Wuhan, China, and has since spread
extensively across the globe [1]. By the end of January 2020,
the World Health Organization (WHO) announced a public
health emergency of international concern and called for the
collaborative effort of all countries to prevent the rapid spread
of the virus. Subsequently, on March 11, 2020, the WHO
declared COVID-19 a global pandemic [2]. During emerging
infectious diseases, the adoption of preventive measuresis one
of the most crucial interventions to halt the spread of infection
[3,4]. Prior research has demonstrated the role of media in
providing health information and promoting preventive
behaviors [5,6]. Engagement in preventive behaviors is most
likely to occur when there is clear, reliable, and fregquent
communication. By contrast, weak or inconsistent
communication has the potential to reduce public trust and,
consequently, increase the likelihood of adverse social and
economic impacts. It is evident how rapid communication and
publication contributed to the recognition of the severity and
magnitude of COVID-19 by the general public [7].

In health crisis situations, information demand is usually high;
there are many unknowns and people tend to resort to sources
they trust [8]. Several information sources are currently available
for abtaining health-rel ated information. Asaconsequence, the
importance of these sources during a global health crisis
intensifies. For instance, traditional media, such as television
and newspapers, play arole in communicating evidence-based
information to the public [9]. People may aso rely on their
family members, friends, and coworkers for information on
COVID-19[10]. Social media also represents a vital platform
for people to express their opinions, perceptions, and attitudes
toward COVID-19 public health policies [11].

Given the wide range of available communication channels,
evidence showsthat peoplerely on avariety of different sources
of information [12] and that utilization of these sources tends
to change over time [13]. For instance, in 2017, Spence et a
[14] showed that traditional news media were the preferred
channels of information during a health crisis, whereas amore
recent study showed that social mediaplatformsor online news
sites were the most predominant sources for obtaining
information during a crisis [15]. The WHO declared that the
COVID-19 pandemic has been accompanied by a so-called
“infodemic” of misinformation that renders finding clear
information, reliable guidance, and trustworthy sources difficult
[16]. Misinformation about the pandemic can pose asignificant
risk to public health and public actions, thereby undermining
public health efforts in mitigating the profound impact of the
virus. In this sense, a major challenge is to ensure that people
have access to accurate information that allows them to act

appropriately [9].
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In response to the high demand for timely and trustworthy
information in chaotic situations such as the COVID-19
pandemic, the Ministry of Health (MOH) of the Kingdom of
Saudi Arabia (KSA) acted as a key and official source
responsible for communicating information, and for sustaining
a reliable and consistent flow of information pertinent to
COVID-19 to the public. To communicate and engage the
community, traditional channels, such as television, radio, and
text messages, aswell astechnology and digital health programs
wereall utilized under the MOH |eadership. High-quality media
materials developed by the MOH, Ministry of Media, and the
Center for Government Communi cation were produced. Further,
joint press conferences providing updates have been held on a
daily basis during this pandemic. Video messages of ministers
and other prominent public figures recommending that the public
follow precautionary measures were widely shared.
Additionally, unconventional awareness-raising champions to
advise people to stay indoors were created [17].

In addition, the MOH relied on the use of different platforms
to disseminateinformation about the disease, including the route
of transmission and effective prevention practice measures[18].
To ensure widespread dissemination, this information was
trandlated into other languages, such as Filipino, Urdu,
Portuguese, Russian, and French [19]. In addition, the MOH,
together with other ministries, has utilized SM Stext messaging
in spreading awareness and emphasizing the importance of
adopting precautionary measures [18]. The WHO Information
Network for Epidemics was also established to provide
simplified, timely, and accurateinformation from trusted sources
[8]. Takentogether, theselocal and international communication
efforts were intended to raise awareness and encourage
preventive actions.

Given that only half of the Saudi population have adequate
health literacy [20], which may pose some challenges in
acquiring and obtaining health information that is particularly
important in decision making during outbreaks, it is essential
to understand the sources from which people obtain public
health crisis information. Thereby, this study aims to (1)
understand sources of COVID-19-related information among
the Saudi public, (2) examine factors associated with selection
of information sources, and (3) investigate the impact of the
utilized information sources on public attitudes and prevention
practices toward COVID-19. Gaining a deeper understanding
of preferred information sources can inform public health
officials on to where to extend efforts to reach a broader
audience. Moreover, it can aso assist in enriching and
supporting the ongoing response to the pandemic and in
preparing for future pandemics.

Methods

Study Design and Sample

This study used data from a cross-sectional survey conducted
on residents of the KSA from March 20 to 24, 2020. Given the
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social and physical distancing measures implemented in the
country during that time because of the COV1D-19 pandemic,
data were collected via an online self-reported questionnaire
using SurveyMonkey. Invitations to participate in the study
were distributed via social media platforms (ie, Twitter and
WhatsApp). Participants were recruited using a simplified
snowball-sampling technique, where the invited participants
were requested to pass on the invitations to their WhatsApp
contacts. A link to the questionnaire was aso posted on the
King Abdulaziz University website. This online approach was
being used to avoid any physical contact.

The origina cross-sectional survey included individuals aged
18yearsor older living inthe KSA at thetime of data collection.
Online informed consent was obtained from all participants
before proceeding with the survey. A total of 3427 participants
completed the questionnaire. After excluding respondents who
reported living outside the KSA and all responses with missing
data on outcome variables, the final sample for analysis
comprised responses from 3358 participants. The survey
instrument used, data collection procedures, and sample size
determination method are described in detail elsewhere [21].

M easures

The online self-reported questionnaire was devel oped according
to community guidelinesfor preventing the spread of COVID-19
fromthe US Centersfor Disease Control and Prevention (CDC)
[22]. The questionnaire was initially drafted in English,
translated to Arabic to ensure the meaning of the content, and
then back-trand ated to English. The Arabic version of the survey
was administered for this study. The questionnaire consisted of
four primary sections. The first section gathered information
on respondents’ socioeconomic and demographic characteristics.
The second section assessed respondents knowledge of
COVID-19. The third section assessed respondents’ attitudes
toward COVID-19 using a5-point Likert scale. Thefinal section
of the questionnaire assessed the respondents infection
prevention practices. A full description of the survey instrument
can be found elsewhere [21].

The primary outcome of this study was sources of COVID-19
information. This was based on a survey question that asked
for the main source of the respondents’ knowledge related to
COVID-19. Responses to this question were coded into six
categories. social media, MOH, television and newspapers,
friends and/or family, self-learning, and official sources,
including the WHO, medical journals and articles, or the CDC.
To examine the relationship between potential predictors and
COVID-19 information sources, we dichotomized each of the
six response variablesinto social mediaversus other information
sources (others), MOH versus others, television and newspapers
versus others, friends and/or family versus others, self-learning
versus others, and official sources versus others.

We also examined covariates that might be associated with the
type of information sources related to sociodemographic
characteristics, including age, gender, marital status, education
level, employment status, monthly income, and nationality. The
age variable was divided into five categories. 18-29 (reference
category), 30-39, 40-49, 50-59, and =60 years. Gender was
coded as a binary variable, with 1 for male and O for female.
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Marital statuswas also captured as abinary variable, with 1 for
unmarried, including single, widowed, and divorced, and O for
married. Education level was divided into three categories: high
school or below (reference category), college or university
degree, and postgraduate degree. Employment status was
categorized into five groups. government employee (reference
group), nongovernment employee, self-employed, retired, and
unemployed. Monthly income (in Saudi Riyal [SR]) was
grouped into eight categories (a currency exchange rate of SR
1=US $0.27 is applicable): <3000 (reference category); 3000
to less than 5000; 5000 to less than 7000; 7000 to less than
10,000; 10,000 to less than 15,000; 15,000 to less than 20,000;
20,000 to lessthan 30,000; and >30,000. Nationality was coded
as abinary variable, with 1 for Saudi and O for non-Saudi.

Information was also collected on attitudes toward COVID-19
using a 5-point Likert scale. Respondents were asked to state
their level of agreement for six statements, including “It is
important to put distance between myself and other people to
avoid transmission of COVID-19,” “Handwashing isimportant
to protect myself from COVID-19,” “I stay homeif | am sick,
except to get medical care to protect myself from getting
COVID-19,” “COVID-19 will eventually be successfully
controlled; Saudi Arabia's strict measures can help win the
battle against COVID-19,” and “ Following all precautionsfrom
the Ministry of Health will prevent the spread of COVID-19.”
Scores for attitudes were calculated based on the respondents’
answers to each attitudinal statement as follows: 1=strongly
disagree, 2=disagree, 3=undecided, 4=agree, and 5=strongly
agree. Thetotal attitude score was computed by adding up the
pointsfor each of the respondent’sanswersto the six statements,
yielding atotal attitude score between 6 and 30, with high scores
indicating more optimistic attitudes or beliefs that individuals
hold internally. Using the median total attitude score of 29, we
dichotomized the attitude into optimistic attitudes for scores
>29 and nonoptimistic attitudes for scores <29.

Information was also collected on practices related to
COVID-19. There were five questions related to practices and
behavior, including (1) going to social eventswith large numbers
of people, (2) going to crowded places, (3) avoiding cultural
behaviors such as shaking hands, (4) practicing socid distancing,
and (5) washing hands after sneezing, coughing, nose-blowing,
and having recently been in a public place. Respondents were
asked to respond “yes’ or “no” to each item. A score of 1 was
given for answers that reflected a positive practice and a score
of 0 was given for answers that reflected a negative practice.
The total practice score ranged from 0 to 5, with high scores
indicating better practices. We also used the median total
practice score to dichotomize practices into positive practices
that indicated adherence to COV I D-19 precautionary measures
(scores >4) and negative practices that indicated nonadherence
to COVID-19 precautionary measures (scores <4).

Data Analyses

Descriptive, bivariate, and multivariable logistic regression
analyses were employed in this study. The proportion of
participants who used each source to obtain information about
COVID-19 is presented in terms of frequency and percentage.
Mean and SD values are used to describe the continuous
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variables, whereas frequencies and percentages are used to
describe the categorical variables. Bivariate analysis of
categorical variables was performed using chi-square tests to
determine the associ ations between sources of information and
independent variables. Additionally, an independent t test was
performed to assess differencesin mean valuesfor attitudes and
practice scores.

Furthermore, logistic regression analysis for each COVID-19
information source was also conducted. Multivariable logistic
regression analyses were employed to examine whether
sociodemographi ¢ variables were associated with the source of
COVID-19 information. Moreover, univariable and
multivariable logistic regressions were conducted to examine
the relationship between information sources and attitudes and
practices toward COVID-19 prevention, controlling for
sociodemographic characteristics. In the regression models, we
estimated crude odds ratios (ORs) for univariable analyses and
adjusted ORs (aORs) for multivariable analyses with their
respective 95% Cls. Statistical significance was determined if
aP valuewaslessthan .05. All analyses were performed using
Stata 15.1 software (StataCorp LLC).

Ethical Clearance

All procedures performed in this study involving human
participants complied with institutional or national research
committee ethical standards, as well as the 1964 Helsinki
Declaration and subsegquent amendments or equivalent ethical
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standards. This study has been reviewed and was given a
favorable opinion by the King Abdulaziz University Research
Ethics Committee and was designed and performed in
accordance with the ethical principles established by the
university. Ethical approval was obtained from the Biomedical
Ethics Research Committee, Faculty of Medicine, King
Abdulaziz University (Ref-180-20).

Data Availability Statement

The data sets generated and/or analyzed during this study are
not publicly available due to privacy and confidentiality
agreements as well as other restrictions but are available from
the corresponding author (MK A) on reasonable request.

Results

Characteristics of Study Participants

Table 1 presents the descriptive statistics of respondents
socioeconomic and demographic characteristics and the sources
they used for obtaining COVID-19 information. Most of the
participants were married, had a college or university degree,
and were Saudi citizens. Approximately two-thirds of the
respondents had optimistic attitudes and more than half of them
adhered to preventive measures. The majority of respondents
reported social media as their main source of COVID-19
information, followed by the MOH, and then television and
newspapers.
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Table 1. Descriptive statistics of respondents’ socioeconomic and demographic characteristics and the sources they used for obtaining COVID-19

information.

Variable Value (N=3358)
K nowledge score?, mean (SD) 17.98 (222
Attitude scoreb, mean (SD) 28.24(2.74)
Nonoptimistic respondents, n (%) 1280 (38.12)
Optimistic respondents, n (%) 2078 (61.88)
Practice score®, mean (SD) 4.34(0.87)
Respondents with negative practices, indicating nonadherence to COVID-19 precautionary measures, n (%) 1554 (46.28)
Respondents with positive practices, indicating adherence to COVID-19 precautionary measures, n (%) 1804 (53.72)

Age (years), n (%)

181029 1005 (29.93)

301039 934 (27.81)

401to 49 686 (20.43)

50 t0 59 468 (13.94)

=60 265 (7.89)
Gender, n (%)

Female 1945 (57.92)

Male 1413 (42.08)
Marital status, n (%)

Married 2129 (63.40)

Unmarried 1229 (36.60)
Nationality, n (%)

Non-Saudi 264 (7.86)

Saudi 3094 (92.14)

Monthly income (Saudi Riyal®), n (%)

<3000 835 (24.87)
3000 to <5000 290 (8.64)
5000 to <7000 254 (7.56)
7000 to <10,000 352 (10.48)
10,000 to <15,000 580 (17.27)
15,000 to <20,000 471 (14.03)
20,000 to <30,000 332 (9.89)
>30,000 244 (7.27)

Education level, n (%)
High school or below 530 (15.78)
College or university degree 1886 (56.16)
Postgraduate degree 942 (28.05)

Employment status, n (%)
Government employee 1308 (38.95)
Private sector employee 544 (16.20)
Retired 312(9.29)
Self-employed 135 (4.02)
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Variable Value (N=3358)
Unemployed 1059 (31.54)

Sources of COVID-19 information, n (%)
Social media 1567 (46.66)
Ministry of Health 1138 (33.89)
Television and newspapers 432 (12.86)
Friends and/or family 55(1.64)
Self-learning 98 (2.92)
Official sources 68 (2.03)

@ nowledge scores: Each statement had the responses "true," "false,” and "don't know." Incorrect or uncertain (don’'t know) responses were given a
score of 0, and correct answers were assigned a score of 1. The total score for knowledge ranged from 0 to 22, with high scores indicating better

knowledge of COVID-19.

BAttitude scores: Each item ranged from 1 (strongly disagree) to 5 (strongly agree); the total attitude score ranged from 6 and 30, with high scores

indicating more optimistic attitudes or beliefs.

CPractice scores were 1 (reflected a positive practice) or O (reflected a negative practice) for each item; the total practice score ranged from 0 to 5, with

high scores indicating better practices.
da currency exchange rate of 1 Saudi Riyal=US $0.27 is applicable.

Relationship Between Sources of COVID-19
I nfor mation, Socioeconomic and Demogr aphic Factors,
Attitudes, and Practices Toward COVID-19

Table 2 showsthe results of bivariate analysisfor assessing the
association between different variables and sources of
COVID-19—+elated information. The age category was
significantly associated with all information sources except for
official sources. Most of the respondents who indicated social
mediaastheir maininformation source were aged 18to 29 years
(539/1567, 34.40%), whereas respondents who indicated
television and newspapers as their main source were aged 50
to 59 years (124/432, 28.7%). As age increased, the proportion
of respondents who used social media as their main source of
information decreased. Moreover, there was a significant
association between employment status and all sources of
information except for official sources.

Level of education was significantly associated with seeking
information from family and/or friends (Table 2). More than
half of those who indicated obtaining information from family
and/or friends had a college education or higher (32/55, 58%).
Nationality was associated with seeking information from the
MOH, with the great majority being Saudi citizens (1068/1138,
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93.85%). Income level was aso significantly associated with
seeking information from socia media, television and
newspapers, family and/or friends, self-learning, and officia
sources. Most of the participants who indicated obtaining
information from the MOH reported earning less than SR 3000
(278/1138, 24.43%). Moreover, more than half of the
participantswho sourced information from family and/or friends
earned lessthan SR 3000 (30/55, 55%). Among those who used
social media, the percentage of respondents with optimistic
attitudes was higher than that of respondentswith nonoptimistic
attitudes (935/1567, 59.67% vs 632/1567, 40.33%). Moreover,
among respondentswho sourced information from friends and/or
family, a higher number had nonoptimistic attitudes than
optimistic attitudes (29/55, 53% vs 26/55, 47%). On the
contrary, among those who used the MOH as their source of
information, more respondents had optimistic attitudes than
nonoptimistic attitudes (770/1138, 67.66% vs 368/1138,
32.34%). However, among the respondents who used social
media, those who did not adhere to COVID-19 preventive
measures were higher in number than their counterparts
(789/1567, 50.35% vs 778/1567, 49.65%). On the other hand,
among respondents who used the MOH as a main source of
information, the majority adhered to preventive measures than
did not adhere (669/1138, 58.79% vs 469/1138, 41.21%).
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Table 2. Bivariate analysis of socioeconomic and demographic factors, attitudes, and practices toward COVID-19 with sources of information.

Variable Socid media Ministry of Health Television and Friends and/or Self-learning Official sources
(no: n=1791; yes.  (no: n=2220; yes.  NEWSPapers family (no: n=3260; yes:  (no: n=3290; yes:
n=1567) n=1138) (no: n=2926; yes.  (no: n=3303; yes. n=98) n=68)

n=432) n=55)
n (%) P n (%) P n (%) P n (%) P n (%) P n (%) P
vaue value value vaue value vaue
No Yes No Yes No Yes No Yes No Yes No Yes
Age (years) <.001 <.001 <.001 <.001 <.001 46
18t0 29 466 539 659 346 959 46 970 35 987 18 %4 21
@ & @) @ 3 W @ © @0 @18 @) @
30to 39 487 447 570 364 864 70 927 7 910 24 912 22
@ @ @ @@ (0 (9 @ @ @ @ ®
40t0 49 363 323 470 216 576 110 680 6 665 21 676 10
@ @ @ @ @ & @ @ @ @ @ @5
50to 59 301 167 319 149 344 124 464 4 451 17 461 7
m @ ¥ @3 12 @ @ O ¥ @ (4 (9
=60 174 91 202 63 183 82 262 3 247 18 257 8
(19 () 9 (6 6 9 ® O (| @9 | @
Gender .047 .65 .02 .81 .38 40
Female 0P 936 1@ 653 77 228 o4 31 B 61 9» 36
6 (60 58 61 ) &3 58 (% 58 ©® ® &3
Male 782 631 928 485 1 204 33 24 BB 37 3\ 32
CORNCY) @ B (CORNCY) @ @# @ B @2 @
Marital status .08 .09 <.001 <.001 .69 .07
Married 0 969 1o 699 ™ 338 26 23 H 64 B 36
@) © ©) @D 6n (@ ©® @ 63 (6 ©®
Unmarried 631 598 790 439 s 94 ny 32 1% 34 nr 32
® B @) (@9 ) @ @) 3 @) & @0 @)
Nationality .16 .01 .25 .50 21 77
Non-Saudi 130 134 194 70 224 40 261 3 253 11 258 6
(ORNC) © © ® ® © ® @ ®
Saudi wm 43 6 108 2 392 PP 52 v 87 I 62
@) @) @) @9 @ @) @2 @ © @ @)
Monthly income (Saudi Riyal®) 002 12 <.001 <.001 <.001 <.001
<3000 407 428 557 278 772 63 805 30 813 22 821 14
@ @ @ @ (0 15 @ @ @ ® @
3000 to <5000 141 149 198 92 255 35 286 4 284 6 286 4
(8 (9 @ 9 © @ O 9 (6 9 (©
5000 to <7000 127 127 162 92 225 29 250 4 254 0 252 2
M © ™ ©® ® ® O ® (O ® O
7000t0<10,000 202 150 229 123 288 64 349 3 345 7 347 5
1 (o9 (19 @ (19 (@15 w ® w o w
10,000 to 309 271 365 215 516 64 576 4 565 15 569 11
<15,000 I @ (16 (19 (19 @15 @ 1 1 ) (9
15,000 to 262 209 307 164 402 69 467 4 451 20 466 5
<20,000 15 13 4 @19 (149 (@9 @ O ¥ @ @
20,000 to 199 133 221 111 269 63 329 3 321 11 321 11
<30,000 1w (19 19 9 @® 19 ® (19 @ (109 (19)
>30,000 144 100 181 63 199 45 241 3 227 17 228 16
(8 (6 (8 (6 (m (9 " O " @ "n @
Education level 22 45 .70 <.001 .03 <.001
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Variable Social media Ministry of Health Television and Friends and/or Self-learning Official sources
(no: n=1791; yes.  (no: n=2220; yes.  NEWSPapers family (no: n=3260; yes:  (no: n=3290; yes:
n=1567) n=1138) (no: n=2926; yes:  (no: n=3303; yes:  n=98) n=68)

n=432) n=55)
n (%) P n (%) P n (%) P n (%) P n (%) P n (%) P
vaue value value vaue value value

No Yes No Yes No Yes No Yes No Yes No Yes
High school or 278 252 363 167 456 74 513 17 515 15 525 5
below (16) (16) (16 (15 (1 17 (16 @D (16 (15 1.
Collegeor univer- 988 898 20 646 B0 237 B 32 B 44 B 29
sity degree @ 61 CORNGY) (56) () 6 B G # G0 @B
Postgraduate de- 525 417 617 325 821 121 936 6 903 39 908 34
gree @ @ @ @ @ @ @ W @) 0 @

Employment status <.001 <.001 <.001 <.001 .02 .35

Governmentem- 727 581 819 489 1 154 3P 6 @ 46 26 32
ployee @) @ @n @B (39 (3 @) @ @) @ (@9 @)
Private sector 271 273 360 184 485 59 532 12 536 8 536 8
1 @ (16) (16) ™ @4 (16 (16 (8 (18 (12
Retired 194 118 236 76 214 98 310 2 297 15 309 3
w w "n @ @ @ 9 @ 9 @
Self-employed 79 56 92 43 104 31 135 0 134 1 131 4
@ @ @ @ @ @ (O @ @ 4 (6
Unemployed 520 539 713 346 969 90 1w 35 m 28 m 21
@ & @@ @ ® @ @) © @ @ 2 @
Attitudes .01 <.001 .07 .02 .78 .07
Nonoptimistic 648 632 912 368 B 182 B\ 29 2 36 7 33
() “0 @) @ @) @ @ @ @ @ B @
Optimistic w3 935 BB 770 88 250 w26 6 62 BB 3H
©® (€ @9 @ & ® @ @ 6 © ) (@1
Practices <.001 <.001 61 .90 94 91
Negative 765 789 105 469 13 195 159 25 B8P 45 B3 31
43 (1 49 (@1 46) (@) (46) (45 (46) (46) (46) (46)
Positive 06 778 1P 669 B 237 74 30 8l 53 o7 37
67 @9 G) &9 &) ) & ) &3 ) &

8A currency exchange rate of 1 Saudi Riyal=US $0.27 is applicable.

Association of Sourcesof COVID-19 I nformation With
Participants Socioeconomic and Demographic
Characteristics

Table 3 shows the results of the regression analysis of the
association between COVID-19 sources of information and
socioeconomic and demographic characteristics. Compared
with those 18 to 29 years old, participants aged 30 to 39 years
(aOR 0.723, 95% Cl 0.574-0.910; P=.006), 40to 49 years (aOR
0.696, 95% CI 0.538-0.899; P=.006), 50 to 59 years (aOR 0.410,
95% Cl 0.303-0.553; P<.001), and =60 years (aOR 0.364, 95%
Cl 0.243-0.545; P<.001) had significantly lower odds of using
socia mediato obtain information related to COVID-19. These
odds decreased as age increased, suggesting that young adults

https://publichealth.jmir.org/2021/7/e28888

are more likely to use social mediato obtain information about
COVID-19. By contrast, the odds of using television and
newspapers significantly increased among respondents aged 30
to 39 years (aOR 1.857, 95% CI 1.186-2.909; P=.007), 40 to
49 years (aOR 4.421, 95% Cl 2.823-6.924; P<.001), 50 to 59
years (aOR 7.787, 95% Cl 4.875-12.430; P<.001), and =60
years (aOR 8.519, 95% CI 4.940-14.690; P<.001) compared to
those aged 18 to 29 years, further supporting that older
individuals are more likely to use television and newspapers as
information sources. Moreover, respondents aged 60 years or
above had significantly greater odds of learning by themselves
compared to those aged 18 to 20 years (aOR 4.270, 95% CI
1.536-11.860; P=.005).
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Variable Socid media Ministry of Health Television and Friends and/or Self-learning Official sources
newspapers family
2OR? P aOR P aOR P aOR P aOR P aOR P
0, vaue (1] value 0 vaue (1] vaue (1} value 0 vaue
(©5%Cly Vv (95%Cl) va (95%Cl) val (95%Cl) va (95%Cl) va (95%Cl) val
Age (years)
1810 29 Ref®
30t0 39 0.723 006 1193 15 1857 007 0377 06 1792 14 0924 85
(0.574- (0.938- (1.186- (0.136- (0.820- (0.404-
0.910) 1.516) 2.909) 1.043) 3.016) 2.111)
4010 49 0.696 006 0.877 34 4421 <001 0.456 18 1.907 13 0507 18
(0.538- (0.668- (2.823 (0.147- (0.827- (0.186-
0.899) 1.151) 6.924) 1.415) 4.394) 1.376)
50 to 59 0.410 <001 1.010 95  7.787 <001 0473 27 2125 11 0522 26
(0.303- (0.741- (4.875- (0.127- (0.854- (0.168-
0.553) 1.378) 12.43) 1.760) 5.287) 1.623)
>60 0.364 <001 0.796 30 8519 <001 0816 81 4270 005 1174 80
(0.243- (0.516- (4.940- (0.157- (1.536- (0.346-
0.545) 1.227) 14.69) 4.221) 11.86) 3.976)
Gender
Female Ref
Male 0.939 43 1.09% 27 0961 76 1770 07 0619 05 1254 42
(0.804- (0.932- (0.753 (0.965- (0.383 (0.723
1.097) 1.289) 1.228) 3.246) 1.001) 2.176)
Marital status
Married Ref
Unmarried 0.809 02 1166 11 0873 37 0810 60 1475 15 2352 .006
(0.674- (0.965- (0.648- (0.369- (0.874- (1.270-
0.971) 1.409) 1.175) 1.780) 2.487) 4.352)
Nationality
Non-Saudi Ref
Saudi 0.881 35 1485 008  0.736 12 2088 28 0473 03 0565 21
(0.677- (1.107- (0.498- (0.631- (0.236- (0.229-
1.146) 1.990) 1.084) 6.907) 0.945) 1.388)
Monthly income (Saudi Riyal®)
<3000 Ref
3000t0 <5000  1.127 45 0897 52 1006 98 0542 31 0812 69 1565 46
(0.827- (0.645- (0.609- (0.166- (0.294- (0.471-
1.535) 1.248) 1.663) 1.766) 2.239) 5.201)
5000t0 <7000  1.060 74 1039 84 0987 96 0784 71 At NA 1172 85
(0.750- (0.723 (0.565- (0.221- (0.233
1.496) 1.494) 1.726) 2.777) 5.895)
7000 t0 <10,000 0.857 36 0986 94 1371 22 0624 51 0660 47 2130 24
(0.615- (0.696- (0.829- (0.155- (0.216- (0.611-
1.192) 1.397) 2.268) 2.515) 2.014) 7.428)
10,000 to 1.094 58 1046 80 0655 11 0758 69 0784 64 2897 .07
<15,000 (0.793- (0.745- (0.389- (0.195- (0.282- (0.984-
1.510) 1.469) 1.100) 2.933) 2.173) 9.076)
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Variable Social media Ministry of Health Television and Friends and/or Self-learning Official sources
newspapers family
20R% P aOR P aOR P aOR P aOR P aOR P
(95% cl) vaue (95%Cl) value (95%Cl) veue (95%Cl) value (95%CI) value (95%Cl) vaue
15,000 to 1.089 62 1.013 .94 0.705 19 0.951 .95 1.261 65 1.717 42
<20,000 (0.776- (0.708- (0.416- (0.235- (0.464- (0.458-
1.526) 1.448) 1.193) 3.842) 3.420) 6.434)
20,000 to 0.931 71 0.938 75 0.998 >99 1022 .98 0.981 97 4,947 .009
<30,000 (0.643- (0.635- (0.575- (0.218 (0.326- (1.490-
1.349) 1.386) 1.731) 4.783) 2.951) 16.42)
>30,000 1.046 .83 0.671 .05 0.788 43 1.076 .93 2.772 .06 10.68 <.001
(0.703- (0.435- (0.437- (0.226- (0.957- (3.299-
1.556) 1.034) 1.420) 5.124) 8.032) 34.55)
Education level
High school or Ref
below
Collegeor univer-  0.979 .83 1.083 A7 1.019 90 0.673 22 0.756 38 1.720 28
sity degree (0.799- (0.873- (0.748- (0.357- (0.404- (0.646-
1.199) 1.345) 1.388) 1.267) 1.412) 4.581)
Postgraduate de-  0.988 92 1.082 56 0.855 42 0.464 17 0.832 63 3.324 .03
gree (0.769- (0.831- (0.586- (0.157- (0.397- (L.141-
1.268) 1.410) 1.246) 1.371) 1.741) 9.684)
Employment status
Government em-  Ref
ployee
Private sector 1.124 33 0.901 40 1.066 73 4.364 008  0.456 .07 0.606 .26
(0.890- (0.706- (0.738- (1.464- (0.195- (0.253-
1.418) 1.150) 1.538) 13.01) 1.064) 1.446)
Retired 1.256 .18 0.639 .02 1.515 .03 0.813 .83 0.810 61 0.377 17
(0.899- (0.445- (1.038- (0.119- (0.361- (0.094-
1.755) 0.919) 2.209) 5.518) 1.815) 1.507)
Self-employed  0.969 .87 0.917 67 1.753 .02 1(N/A)  N/A 0120 .04 0.975 .97
(0.663- (0.616- (1.090- (0.015- (0.310-
1.418) 1.365) 2.822) 0.924) 3.067)
Unemployed 1.071 63 0.824 20 1.078 73 4528 .20 0.755 54 1.843 23
(0.809- (0.613- (0.702- (1.264- (0.310- (0.689-
1.415) 1.108) 1.655) 16.21) 1.842) 4.934)

330R: adjusted odds ratio.

bRef: reference.

CA currency exchange rate of 1 Saudi Riyal=US $0.27 is applicable.
dN/A: not applicable because aOR=1.

In terms of gender, men had significantly lower odds of learning
by themselves (aOR 0.619, 95% Cl 0.383-1.001; P=.04)
compared to women. Unmarried individuals had significantly
lower odds of using social mediathan married individuals (aOR
0.809, 95% CI 0.674-0.971;, P=.03), whereas unmarried
individuals had significantly greater odds of using official
sources (aOR 2.352, 95% ClI 1.270-4.352; P=.006).
Interestingly, Saudi nationals had significantly greater odds of
using the MOH as a main source of information compared to
non-Saudi nationals (aOR 1.485, 95% Cl 1.107-1.990; P=.008),
whereas Saudi national s had significantly lower odds of learning
by themselves compared to non-Saudi nationals (aOR 0.473,
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95% CI 0.236-0.945; P=.03). Those who earned SR 30,000 or
more, compared with those who earned less than SR 3000, had
significantly lower odds of sourcing information from the M OH
(aOR 0.671, 95% CI 0.435-1.034; P=.05). By contrast, those
who earned SR 30,000 or more (aOR 10.680, 95% ClI
3.299-34.550; P<.001) and those who earned SR 20,000 to less
than SR 30,000 (aOR 4.947, 95% Cl 1.490-16.420; P=.009)
had significantly greater odds of obtaining COVID-19—related
information via official sources compared to those who earned
less than SR 3000. Respondents with a postgraduate education
had significantly greater odds of obtaining information related
to COVID-19 viaofficial sources compared to those with ahigh
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school education or below (aOR 3.324, 95% Cl 1.141-9.684;
P=.03).

Retired respondents had significantly lower odds of using the
MOH as a main source of information than those who were
government employees (aOR 0.639, 95% CI 0.445-0.919;
P=.02). By contrast, retired respondents had significantly greater
odds of using television and newspapers as an information
source than government employees (aOR 1.515, 95% CI
1.038-2.209; P=.03). Private sector employees had significantly
greater odds of seeking information from family and/or friends
than government employees (aOR 4.364, 95% Cl 1.464-13.010;
P=.008). Self-employed respondents had significantly greater
odds of using television and newspapers as an information
source than government employees (aOR 1.753, 95% CI
1.090-2.822; P=.02). Unemployed people had greater odds of
seeking information from family and/or friends compared to
government employees (aOR 4.528, 95% Cl 1.264-16.210;
P=.02).

Association of Attitudes and Practices Toward
COVID-19 With Sources of I nformation

Table 4 presents the relationship between the source of
information used by the respondents and their attitudes and

Alshareef et &

practices toward COVID-19. We found that respondents who
used social media had significantly lower odds of having
optimistic attitudes than respondents who used other sources
(aOR 0.845, 95% CI 0.733-0.974; P=.02). Moreover, those who
used social media as a main source of information had
significantly lower odds of adhering to preventive measures
(aOR 0.725, 95% CI 0.630-0.835; P<.001) compared to those
who obtained their information from other sources. Interestingly,
participants who obtained information from the MOH had
significantly greater odds of having optimistic attitudes than
those who obtained information from other sources (aOR 1.437,
95% Cl 1.234-1.673; P<.001). Also, those who obtained
information from the MOH had significantly greater odds of
adhering to preventive measures than those who obtained
information from other sources (aOR 1.393, 95% ClI
1.201-1.615; P<.001). This study also found that participants
who obtained their information from tel evision and newspapers
had significantly lower odds of having optimistic attitudes
compared to those who obtained information from other sources
(aOR 0.801, 95% CI 0.645-0.994; P=.045).

Table 4. Association between attitudes and practices toward COVID-19 and sources of information.

Source of information Attitudes Practices
Unadjusted OR? P value  50RP Pvalue Unadjussed OR Pvaue aOR P value
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Social media 0.838 .01 0.845 .02 0.735 <001 0.725 <.001
(0.729-0.964) (0.733-0.974) (0.641-0.842) (0.630-0.835)

Ministry of Health 1.458 <.001 1437 <.001 1.363 <001  1.393 <.001
(1.255-1.695) (1.234-1.673) (1.180-1.575) (1.201-1.615)

Television and newspapers  0.825 .07 0.801 .045 1.054 .61 0.999 >.99
(0.672-1.013) (0.645-0.994) (0.860-1.291) (0.805-1.240)

Friends and/or family 0.546 .03 0.624 .09 1.034 .90 1.279 .38
(0.320-0.932) (0.363-1.072) (0.605-1.766) (0.737-2.222)

Self-learning 1.062 .78 1.070 .75 1.015 .94 1.011 .96
(0.700-1.612) (0.701-1.633) (0.678-1.519) (0.669-1.519)

Official sources 0.647 .08 0.648 .08 1.028 91 1.061 .82
(0.400-1.046) (0.397-1.055) (0.635-1.666) (0.646-1.741)

%0OR: odds ratio.

b20R: adjusted odds ratio; adjusted for age, gender, marital status, nationality, monthly income, education level, and employment status.

Discussion

Principal Findings

In analyzing data collected during the early stage of the
COVID-19 global health crisisinthe KSA, the goal of thisstudy
was to advance knowledge regarding where the Saudi public
obtain their information about COVID-19, and whether
acquisition of these different sources of information influence
the attitudes and adaptation of preventive actions. Our results
indicate that during the pandemic, the respondents mainly relied
on social media to obtain information related to COVID-19,

https://publichealth.jmir.org/2021/7/e28888

followed by the MOH and television and newspapers. Social
media as amain source of information was shown to negatively
influence attitudes and compliance to preventive measures; on
the contrary, apositive influence on both attitudes and practices
was found among respondents using the M OH asamain source
of information. Television and newspapers as a source of
information was also shown to have a negative influence on
participants’ attitudes.
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M eaning of Findings and Comparison With Existing
Literature

Given the increasing significance of socia media and its
substantial relevance in atime of global health crises[23], this
study shows that the sample population mainly relies on social
media platforms for obtaining information about COVID-19.
Evidence shows that in times of crisis, many people turn to
social mediato obtain crisis-related information [24]. The speed
at which information disseminates through social media may
drive the public to utilize the most accessible source [25]. In
contrast to previous findings [26], this study found that social
mediawas associated with lower odds of adoption of preventive
behaviors and optimistic attitudes. Thisisof interest for several
reasons. First, this finding might be a reflection of health
information—related consumer perceptions of social media
Individuals tend to expose themselves only to communication
channelsthey perceive as trustworthy [27], which, in turn, may
impact their behaviors and decisions based on the received
information [28]. Second, the tendency of socia mediato spread
misinformation, rumors, and inaccurate data can exacerbatethe
consequences of behavioral responses. It has been shown that
exposure to COVID-19 misinformation on social media
adversely impacts the adoption of preventive behaviors [29].
Third, this finding could be, in part, explained by the high
acceptability of risky behaviors among young adults [30,31].
Our finding that social media was the primary source of
information among young adults supports this assumption.

Of particular interest, however, isthefinding that the MOH was
the second most preferred source of COVID-19-related
information. In this study, respondents who obtained their
information from the MOH had more positive attitudes toward
COVID-19 and were more likely to adopt preventive behaviors
compared to those who obtained information from other sources.
An earlier study conducted in Saudi Arabia showed that the
MOH was perceived asareliable source among the Saudi public
[32]. Thiscould partialy explain why respondentswho obtained
their information from the MOH had positive attitudes and
adopted preventive behaviors. This could also explain why
international official sources, such as the WHO, CDC, and
medicd journas, weretheleast dominant sources of information
among respondentsin this study. Taken together, these findings
suggest that the wide-reaching efforts of the MOH had
significant potential in communicating risk and crisis
information and, in turn, promoting preventive actions. Although
the MOH has established its presence, sought to control
interactions, and responded to misinformation on social media,
effortsaimed at leveraging social mediato reach abroader and
diverse audience, particularly the young, are required. In other
words, to effectively raise awareness and encourage adaptation
of preventive behaviors, the MOH should utilize channels that
reach alarger audience and that are trusted by the public.

In this study, age, nationality, and employment status were
found to be significantly associated with using the MOH as an
information source. Saudi nationals tend to use the MOH as
their primary source of COVID-19—elated information. It is
important to note that daily press conferences providing
COVID-19 updates by the MOH spokesperson may have
resulted in gaining the public’s trust and offering reassurance

https://publichealth.jmir.org/2021/7/e28888
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that the country is working hard to mitigate effects from the
pandemic. At times of chaos and confusion, people want both
localized information relevant to them and international
information from trusted international health organization
sources such asthe WHO [33]. However, non-Saudi respondents
were less likely to rely on the MOH in obtaining
COVID-19—~elated information; while the reason behind this
is unclear, one possible reason could be that they heard stories
about the strain of the pandemic on family and friendsin their
country and they were more accepting and receptive to the
information they shared with them.

The role of social media as an information source becomes
salient when limited information is provided by traditional media
[23]. In this study, traditional media such as newspapers and
television wasthethird most common information source among
the Saudi public. During the HIN1 flu crisis, mass media was
found to play a positive role in reducing panic through
increasing public knowledge and the likelihood of adopting
preventive measures[5]. Lin and Lagoe[34] a so demonstrated
that the use of television and newspapersincreased theintention
to vaccinate against HIN1 among media users. However, our
study showed that respondents who used television and
newspapers as their primary source for obtaining information
related to COVID-19 had lower odds of optimistic attitudes
toward COVID-19. Given the importance of television as a
source of information among the Saudi public, it could be used
to support the public health agenda through the placement of
doctors on television news. It has been reported that television
news viewing is largely determined by perceived informative
value; thus, television can be a particularly significant source
of information during outbreak crises [35]. In line with other
studies, age was positively correlated with receiving information
from traditional media[10].

Interpersonal sources, such as friends and/or family and
self-learning, were the least preferred information sources
among the Saudi public. In comparative nationally representative
samples from the United Kingdom, the United States, Italy,
Australia, New Zealand, and South Korea, interpersonal sources
were among the most trusted sources of COVID-19-related
information [36]. Furthermore, in this study, some individuals
did not depend on any particular source of information about
COVID-19 but instead looked for the information themselves.
Perhaps those concerned about their health and disease
prevention prefer to obtain COVID-19—related information
themselves through the internet. In contrast to the findings of
previous studies demonstrating a positive association between
activeinformation acquisition and engaging in healthy behaviors
[37], we found that self-learning does not influence either
attitudes or preventive behaviors.

Limitations

The findings of this study should be interpreted with some
limitations. Data from this study were collected online via the
snowhball-sampling method. Thus, the participant responses may
reflect a possible like-minded social network of those who
received the survey link. In addition, given the survey’s online
nature, our findings may not be representative of the opinions
of those living in rural areas where internet accessis relatively
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limited or among older adults who are less likely to use the
internet. However, a community-based national sampling
approach would not have been feasible given the imposed
lockdown during the study period. Moreover, the study’s
cross-sectional nature with data collected in a snapshot cannot
be used to characterize the change in information-seeking
behavior over a longer period of time. Nevertheless, these
findings provide useful guidance for health authorities and
policy makersto identify theinfluence of sources of information
on attitudes and practices toward COVID-19, and to deploy
appropriate actions where necessary. Finaly, it isworth noting
that the survey included only Arabic speakers. Given that the
K SA hasasignificant non—Arabic-speaking foreign population,
it isimportant to acknowledge that the information sources and
relationships reported in this study may not apply to a large
group within Saudi society.

Conclusions

This study provides evidence that different communication
channels exert different influences on attitudes and preventive
actions taken in a pandemic crisis context. Among the
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Abstract

Background: During apublic health crisis such as the current COVID-19 pandemic, governments and health authorities need
quick and accurate methods of communicating with the public. While social media can serve as a useful tool for effective
communication during disease outbreaks, few studies have elucidated how these platforms are used by the Ministry of Health
(MOH) during disease outbreaks in Saudi Arabia.

Objective: Guided by the Crisis and Emergency Risk Communication model, this study aimed to explore the MOH'’s use of
Twitter and the public’s engagement during different stages of the COVID-19 pandemic in Saudi Arabia.

Methods: Tweets and corresponding likes and retweets were extracted from the official Twitter account of the MOH in Saudi
Arabiafor the period of January 1 through August 31, 2020. Tweets related to COVID-19 were identified; subsequently, content
analysis was performed, in which tweets were coded for the following message types:. risk messages, warnings, preparations,
uncertainty reduction, efficacy, reassurance, and digital health responses. Public engagement was measured by examining the
numbers of likes and retweets. The association between outbreak stages and types of messages was assessed, aswell asthe effect
of these messages on public engagement.

Results: The MOH posted a total of 1393 original tweets during the study period. Of the total tweets, 1293 (92.82%) were
related to COVID-19, and 1217 were ultimately included in the analysis. The MOH posted the majority of its tweets (65.89%)
during theinitial stage of the outbreak. Accordingly, the public showed the highest level of engagement (as indicated by numbers
of likes and retweets) during the initial stage. The types of messages sent by the MOH significantly differed across outbreak
stages, with messages related to uncertainty reduction, reassurance, and efficacy being prevalent among all stages. Tweet content,
mediatype, and crisis stage influenced the level of public engagement. Engagement was negatively associated with theinclusion
of hyperlinks and multimedia files, while higher level of public engagement was associated with the use of hashtags. Tweets
related to warnings, uncertainty reduction, and reassurance received high levels of public engagement.

Conclusions: This study provides insights into the Saudi MOH’s communication strategy during the COVID-19 pandemic.
Our results have implications for researchers, governments, health organizations, and practitioners with regard to their
communication practices during outbreaks. To increase public engagement, governments and health authorities should consider
the public’s need for information. This, in turn, could raise public awareness regarding disease outbreaks.

(JMIR Public Health Surveill 2021;7(7):e27942) doi:10.2196/27942

https://publichealth.jmir.org/2021/7/e27942 JMIR Public Health Surveill 2021 | vol. 7 | iss. 7 | €27942 | p.57
(page number not for citation purposes)


mailto:fatimah.m.alhasan@gmail.com
http://dx.doi.org/10.2196/27942
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

KEYWORDS

Alhassan & AlDossary

COVID-19; Crisisand Emergency Risk Communication; effective communication; health authorities; outbreak; pandemic; public

engagement; public health; social media; Twitter

Introduction

Background

Coronaviruses are alarge family of viruses that cause diseases
ranging from those with common cold symptomsto more severe
pneumonia-likeillnesses[1]. On December 31, 2019, the World
Health Organization (WHO) Country Office in China declared
that a new coronavirus, SARS-CoV-2, had been detected in
Wuhan. Within afew weeks, the virus had spread from Wuhan
to many provinceswithin China. It subsequently spread outside
China, reaching over 200 countries. The rapid and continuous
spread of the virus led the WHO to declare COVID-19, caused
by SARS-CoV-2, a public health emergency of international
concern on January 30, 2020, and a pandemic on March 11,
2020 [2-5].

Saudi Arabia is the second largest Arab country with a
population of over 34 million people[6]. The Ministry of Health
(MOH) in Saudi Arabia is the largest provider of health care
services, providing approximately 60% of the hedth care
services nationwide, while the remainder is covered by other
governmental and private facilities [7]. Since the confirmation
of the first case of COVID-19 in Saudi Arabia on March 2,
2020, the government has taken prompt and decisive measures
to combat the outbreak. These measuresincluded, but were not
limited to, closures of borders, schools, mosgues, and Umrah
(the minor pilgrimage to Mecca, which can be undertaken any
time of the year); cessation of international flights; mandatory
guarantine periods for returning travelers; workplace closures,
with individuals working from home (apart from essential
workers); and partial to completelockdowns[8]. Digital health
measures were al so implemented and effectively utilized during
the pandemic [9,10]. As of March 25, 2020, the MOH
designated 25 hospitals with 80,000 hospital beds and 8000
intensive care unit beds for the treatment of COVID-19 cases.
An additional 2200 beds were alocated for the isolation of
suspected and quarantined cases [11]. Saudi Arabia has robust
preparedness and response capabilities that have been
strengthened through prior experience with the Middle East
respiratory syndrome coronavirus and decades of planning and
managing religious mass gatherings of Hajj (the annual
pilgrimage to Mecca) and Umrah, which can serve as a model
for other countriesin the region.

In public health emergencies such asthe COVID-19 pandemic,
effective communication is crucia for informing the public
about disease situation updates, motivating them to adopt
preventive measures, and reassuring them that the government
is in control of the outbreak [12-14]. Such communication
requires timely dissemination of accurate and reliable
information. Traditionally, governments and public health
authorities have relied on websites, print media, and television
as the main platforms for disseminating outbreak-related
information to the public. However, the evolution of digital
communications technologies such as sociad media has

https://publichealth.jmir.org/2021/7/e27942

facilitated increased sharing of information for both public
health authorities and the general public.

In recent years, social media has developed rapidly. Both
individuals and health care organizations are using these
platforms increasingly to communicate and share information
[15]. Social mediafacilitates 2-way communication and direct
engagement with audiences. Safko and Brake[16] define social
media as “activities, practices, and behaviors among
communities of people who gather online to share information,
knowledge, and opinions using conversational media.” Today,
there are over 3.8 hillion active social media users worldwide
across many different platforms [17]. In the field of health
education and promoation, the use of social mediahas established
its effectiveness by providing access to information, delivering
health campaigns, and offering social support [18]. Many
government agencies and public health organizations (eg, the
WHO, the Centers for Disease Control and Prevention [CDC],
and other local health departments) have adopted social media
to enhance their communication with the public [19].

Social mediacan serveasauseful tool to relay outbreak-rel ated
updates and critical information effectively to the public.
Existing research suggests that people often turn to social media
for information during infectious disease outbreaks, which can
influence their decision-making and subsequent behaviors[19].
The WHO calls for more proactive use of social media to
disseminate health messages to journalists, physicians, and the
general public, particularly to counteract misinformation
regarding infectious diseases [20].

Several studies have investigated the use of socia media
platforms such as Twitter and Facebook during infectious
disease outbreaks. For example, Chen et al [21] studied the
temporal variability in the CDC's response during different
stages of the Zika epidemic and public engagement on Twitter.
They reported that the CDC was more active in the early
warning stages of the Zika epidemic and successfully gained
public attention, particularly in the first quarter of 2016.
However, when the number of Zika cases increased sharply in
the second and third quarters of 2016, the CDC's efforts on
Twitter decreased substantially.

Lwin et a [22] examined the strategic use of Facebook in
communicating the Zika epidemic by three main Singapore
health authorities: the National Environment Agency, the Health
Promotion Board, and the MOH. The researchers found that
Facebook was wused drategicaly for Zikarelated
communication. They also found that preparedness messages
(eg, posts mentioning responders and  providing
recommendations to reduce harm) may have been the most
effective, as evidenced by greater levels of public engagement.

Guidry et al [23] examined Ebola-related posts on Instagram
and Twitter from three key health organizations: the CDC, the
WHO, and Me’decins Sans Frontie res (ie, Doctors Without
Borders). They found Instagram to be a particularly useful
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platform for communicating with the public during crises. It
was further suggested that social media messaging is more
effective when it is utilized by health organizations with which
the public is already familiar, and when it is based on strategic
use of risk communication principles.

A recent study by Raamkumar [24] examined the use of
Facebook for COVID-19-—related outreach by public heath
authorities in Singapore, the United States, and England, and
the corresponding public responseto these efforts. They reported
that the Singapore MOH wasthe most activein terms of posting
frequency, while the CDC dlicited the most responses.
Furthermore, they reported that posts on preventive and safety
measures and situation updates were the most frequently
employed by public health authorities in these 3 countries.

Theoretical Framewor k

Crisis events such as the COVID-19 pandemic requires unique
health communi cation and education strategiesin which public
health authorities must meet the public needs for information
[14]. Theories suggests that the public has various information
needs at different stages of a crisis [25]. The Crisis and
Emergency Risk Communication (CERC) model serves as a
useful tool to guide authorities' communication strategies during
different stages of a crisis. It specifies a broad set of
communication activities that vary throughout the life cycle of
the crisis. The CERC model was originally developed by the
CDC after the 2001 anthrax attacks and the events of September
11, 2001, inthe United States[26,27]. It isan integrated model
that draws elements from risk communication theories
(persuading individuals to take action to limit risks), crisis
communication theories (responding to the public’simmediate
need for information), and theories of health communication

[27].

The CERC model describes five general stages of a crisis:
precrisis, initial event, maintenance, resol ution, and eval uation.
For each stage, a set of recommended communication activities
is also described. According to the model, specific and distinct
communication activities should be carried out in each stage.

The first stage of the CERC modé is the precrisis period. In
this stage, the crisis has yet to occur. Communication messages
at this stage should focus on risk information, warnings, and
preparation.

The second stage of the model is the initial event, when the
crisis actually occurs. This stage is initiated by a clear trigger
event that signals the beginning of a crisis. Communication
messages in this stage should focus on reducing public
uncertainty by providing timely updates regarding the crisis,
messages of sef-efficacy, and reassurance from
authority-initiated measures.

The third stage, or maintenance stage, begins when “most or
all of thedirect harmis contained, and theintensity of thecrisis
begins to subside” [28]. It further echoes many of the
communication activities from earlier stages, including
uncertainty reduction, reassurance, and self-efficacy messages.

The fourth stage is the resolution stage, in which the crisis
continuesto wind down and new understandings of risk emerge.
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Communication messages at this stage involve updates about
ongoing resolutions, discussions about causes, and new
understandings of risk.

Thefinal stage is the evaluation stage. This stage occurs when
the crisisitself isover. Communication during this stage should
focus on assessing the adequacy and efficacy of the response
and reaching a consensus on the lessons learned from the crisis
[26,28].

Objective

With over 15 million Twitter users in Saudi Arabia [29], the
microblogging and social media platform Twitter presents an
opportunity to examine the Saudi MOH's use of social media
in crisis communication during pandemics. According to a
recent national survey, approximately 78% of respondents
reported the MOH as their main source of information about
COVID-19 [30]. The objective of this study is to investigate
the use of Twitter by the MOH and the associated public
engagement during different stages of the COVID-19 pandemic
in Saudi Arabia

Methods

Data Collection

All tweetsfrom the Saudi MOH (@SaudiM OH) posted between
January 1 and August 31, 2020, were collected and included in
the study. The tweets were collected on September 30, 2020,
via the GET statuses/user_timeline endpoint of Twitter's
application programming interface [31] by using the python
library Tweepy [32]. For each tweet, the following data were
collected: tweet ID, tweet text (body), number of likes, number
of retweets, and date posted. Only original tweets, rather than
retweets, were considered. Tweets written in languages other
than Arabic or English were removed to avoid misinterpretation.
Tweets unrelated to COVID-19 were manually excluded by
scanning the content of the tweets. Daily confirmed case counts
of COVID-19 in Saudi Arabia were obtained from Our World
in Data[33].

Crisis Stages

The various stages of the CERC model have not been clearly
defined or operationalized within the context of infectious
disease outbreaks. The CERC model assumes that “crises will
develop in largely predictable and systematic ways’ [26].
However, infectious disease outbreaks such as the current
COVID-19 pandemic may last for months or even years, without
clear boundaries (compared to other crises, such as extreme
weather events) [34,35]. In this study, outbreak stages were
determined on the basis of the CERC model and specific events
of the COVID-19 outbresak in Saudi Arabia.

The precrisis stage was determined to span from January 1 to
March 1, 2020, when the outbreak began in China and some
European countries, but when no cases had yet been identified
in Saudi Arabia

Theinitial event stage was determined to last from March 2 to
June 20, 2020. Thefirst confirmed case of COVID-19 in Saudi
Arabiawasreported on March 2. During this period, there were
157,600 confirmed cases of COVID-19 in the country.
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The maintenance stage was determined to span from June 21
to August 31, 2020. On June 21, 2020, Saudi Arabian authorities
lifted the nationwide curfew and allowed the resumption of all
activities, except in Mecca.

Content Analysisand Coding Categories

This study used a content analysis approach to investigate the
Saudi MOH’s communication on Twitter regarding the
COVID-19 pandemic. Berg [36] explained that content analysis
isa“careful, detailed, systematic examination and interpretation
of aparticular body of material in an effort to identify patterns,
themes, biases, and meanings.” COVID-19-related tweetswere
coded using a codebook adapted from one that was devel oped
on the basis of the CERC framework [22]. The codebook
consisted of the following categories. (1) risk messages,
including tweets containing information about the disease, its
transmission mechanisms, and its symptoms; (2) warnings,
including tweets highlighting risk factors and dangers associated
with COVID-19; (3) preparations, including tweets mentioning
respondersand providing response recommendations and advice;
(4) uncertainty reduction, including tweets containing
information about case reports and providing the public with
reliable sources of information; (5) efficacy, including tweets
containing information about personal preventive measuresand
highlighting the common responsibility for disease prevention;
and (6) reassurance, including tweets that calmed the public by
providing information about government interventions and
expressing gratitude and regards to the health staff and the
public. Through initial scanning of thetweets, digital responses
were found to be frequently mentioned in the MOH twests.
Given the importance of digital health during the COVID-19
pandemic, an additional category called “digital health
responses’ wasintroduced. M essages of this category pertained
to tweets promoting digital health services, ranging from digital
screening to surveillance, contact tracing, and follow-up apps.
The codebook is presented in Multimedia Appendix 1.

Each tweet was primarily categorized on the basis of the content
within its 280 characters. If the content was not clear, linked
visuals such as photographs, videos, and other media were
analyzed. It was beyond the scope of this study to analyze the
content of hyperlinks. The content analysis of the MOH’stweets
was conducted using Excel (version 16.43, Microsoft Inc),
which was later imported into SPSS (version 27, IBM Corp)
for statistical analysis.

Intercoder Reliability

Intercoder reliability was established by 2 independent coders
(FH and SD). Each author independently coded a randomly
selected subsample of 122 (10%) tweets. This meets the
Neuendorf recommendation of coding 10%-20% of the total
sample for reliability [37]. Reliability was assessed using the
ReCal statistical program with the Cohen k statistic [38]. The
K valuesfor all categorieswere greater than 0.8, which indicated
“amost perfect” agreement, except for the coding category of
“Responders,” which had a k value of 0.545, indicating
“moderate agreement” [39]. Coding discrepancies for the
“Responders’ category were resolved through discussion. Once
intercoder reliability was established, the first coder coded the
remaining tweets.
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Statistical Analysis

Statistical analysiswas performed using SPSS (version 27) [40].
Counts and percentages were used to summarize categorical
variables. The median was used to summarize the distribution
of continuous variables owing to the skewed nature of those
included. The chi-squaretest of independence was used to assess
the associations between outbreak stages and message types.
Significant chi-square outcomes were further subjected to
multiple post hoc Z-tests to compare each pair of outbreak
stages. P values were adjusted for the false discovery rate by
using the Benjamini-Hochberg adjustment.

The nonparametric Kruskal-Wallis test was used to compare
the distribution of likes and retweets (engagement indicators)
between outbreak stages. The Mann-Whitney U test was used
totest differencesin engagement between tweetsincluding and
those not including different message types.

A negative binomial regression analysis was used to examine
associations among tweet content, mediatype, crisis stage, and
public engagement. Negative binomial regression was used as
engagement variables demonstrated positive skew and
overdispersion. The incidence rate ratio (IRR) was calculated
as the exponent of the regression coefficients. All statistical
tests were performed at a significance level of .05.

Ethics Approval

Ethics approval was not required for this study as the study did
not involve any human subjects. All dataanalyzed in this study
were publicly available and collected from a governmental
public Twitter account.

Data Availability

Thedatathat support our findings are available on request from
the corresponding author.

Results

Results Overview

The MOH posted atotal of 1393 original tweets (an average of
5.85 tweets per day) during the study period. Overall, 1293
(92.8%) tweetswererelated to COVID-19, of which 1217 were
includedintheanalysis. The other tweets (n=76) wereremoved
because they were in languages other than Arabic or English.
The results are presented in three sections: the MOH response
to COVID-19 on Twitter across stages, message types across
stages, and public engagement with tweets from the MOH.

MOH Responseto COVID-19 on Twitter Across Stages
of the COVID-19 Outbreak

Confirmed and reported COVID-19 cases were plotted in
relation to COVID-19—+elated tweets posted by the MOH
(Figure 1). The first COVID-19—elated tweet was posted on
January 21, 2020. Overal, 79 (6.5%) tweetswere posted during
the precrisis stage, when the outbreak began in Chinaand some
European countries, but when no cases had yet been identified
in Saudi Arabia (2.03 tweets per day on average). On March 2,
2020, the MOH confirmed the first COVID-19 case in Saudi
Arabia, which signaled the start of thecrisis. COVID-19—related
tweets were consistently posted as the number of cases
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increased, with an average of 7.23 daily tweets. Asof June 20, restrictionsand resumed all economic and commercial activities
2020, the M OH had posted 802 tweets (66% of thetotal), which  [41]. From that date until the end of August 2020, the MOH
isa>3-foldincreaseinitsaverage daily tweets compared tothe  continued to provide ongoing information regarding COV1D-19,
precrisis stage. On June 21, 2020, the country lifted curfew  with an average of 4.67 daily tweets (n=336, 27.6%).

Figure 1. The Saudi Ministry of Health's Twitter communication in relation to confirmed COVID-19 cases (January 1 to August 31, 2020). MOH:
Ministry of Health.
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messages accounted for a low proportion of tweets in the
Message Types Acr oss Stages of the COVID-19 precrisis stage (11.4%) and the initial stage (11.2%), and the

Outbreak proportion increased significantly in the maintenance stage
M essage types across stages of the outbreak arewmmarizgdin (22.3%; x%=24.4; P<.001). Conversdly, the percentage of
Table 1. Of the 1217 tweets, nearly half (49.47%) contained reassurance tweets peaked in the precrisis stage (67.1%) and
uncertainty reduction information, 28.35% contained efficacy . . ficantlv d inlater & 2 ~103.9: P<.001). Th
information, and one-fifth (21.53%) of all tweets contained S 9nificantly decreased in later stages (x°,=103.9; P<.001). The
reassuring information. frequency of efficacy tweets was higher in the initial stage
" edforal (34.4%) than in the precrisis (15.2%) and maintenance (16.9%)
Tweets about warning messages accounted for alow proportion 2 _40 : -
. o e ages (X,=42.7, P<.001). Lastly, tweets promoting digital
of all tweets in the precrisis stage (2.5%), which significantly health servzicesincr | significantly in frequency, from 8.6%

increased duri it 2 g5 pe
ner d unnlg the |n|t|ql stege (x*=6.2, P=.046) (Tablg 1 intheinitial stageto 16.7% in the maintenance stage (x,=26.4;
and Multimedia Appendix 2). Tweets about preparation P<.001)
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Table 1. Categories of message types across outbreak stagesin Saudi Arabia (January 1 to August 31, 2020).

Precrisisstage  Initial event stage  Maintenance stage Overall
Message type? (n=79),n (%)  (n=802), n (%) (n=336), n (%) (n=1217),n (%) P vaue )(2 (df=2)
Risk messages 5(6.3) 62 (7.7) 21(6.3) 88(7.2) .65 0.876
Disease information 4(5.1) 24.(3.0) 8(2.4) 36 (3.0) 45 1.613
Symptoms 3(4.8) 44 (5.5) 15(4.5) 62 (5.1) .67 0.805
Warnings 2(2.5) 91 (11.3) 33(9.8) 126 (10.4) 046 6.162
Risk factor 2(2.5) 40 (5.0) 29(8.6) 71(5.8) .03 7.399
Danger 0(0.0) 53 (6.6) 4(12) 57 (4.7) <.001 19.722
Preparations 9(11.4) 90 (11.2) 75(22.3) 174 (14.3) <.001 24.390
Responders 8(10.1) 27 (3.4) 11(3.3) 46 (3.8) .009 9.363
Recommendations 1(13) 64 (8.0) 64 (19.0) 129 (10.6) <.001 38.376
Uncertainty reduction 41 (51.9) 382 (47.6) 179 (53.3) 602 (49.5) 20 3.216
Case report 30(38.0) 157 (19.6) 72 (21.4) 259 (21.3) .001 14.538
Information resources 12 (15.2) 225(28.1) 107 (31.8) 344 (28.3) .01 8.802
Efficacy 12 (15.2) 276 (34.4) 57 (17.0) 345 (28.3) <.001 42.699
Personal prevention 12 (15.2) 226 (28.2) 51 (15.2) 289 (23.7) <.001 25520
Common responsibility 0(0.0) 86 (10.7) 9(2.7) 95 (7.8) <.001 28.447
Reassurance 53 (67.1) 145 (18.1) 64 (19.0) 262 (21.5) <.001 103.938
Calming 51 (64.6) 91 (11.3) 41 (12.2) 183 (15) <.001 162.297
Thanks and regards 0(0.0) 41 (5.1) 23(6.8) 64 (5.3) 047 6.117
Government interventions 4(5.1) 57 (7.1) 26 (7.7) 87(7.1) 71 0.696
Digital health responses 0(0.0) 69 (8.6) 56 (16.7) 125 (10.3) <.001 26.375

A tweet can have more than 1 category.

Public Engagement With MOH Tweets

Figure 2 demonstrates public engagement (represented by
frequencies of likes and retweets) in relation to MOH tweets.
Public engagement was not accurately aligned with the
development of the COVID-19 outbreak in the country; rather,
the public was most engaged when theinitial cases appearedin
March 2020.

Since engagement variables were not normally distributed,
median values (rather than mean val ues) were used for statistical
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comparisons. MOH tweets were associ ated with median values
of 819 likes and 603 retweets. A Kruskal-WallisH test revealed

significant differencesin the frequencies of likes (x%,=70.344;

P<.001) and retweets (x,=59.764; P<.001) among different
outbreak stages. The Mann—Whitney U test was used for post
hoc comparisons of average ranks. Post hoc pairwise
comparisons (Multimedia Appendix 3) reveded that the
distribution of retweets was not significantly different between
the precrisis and maintenance stages (Z=—2.14; P=.96).
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Figure2. Public engagement in relation to the Saudi Ministry of Health'stweets (January 1 to August 31, 2020). Theleft y-axis shows the daily number
of tweets. The right y-axis shows the number of likes and retweets (in thousands). MOH: Ministry of Health.
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Median public engagement levels across different stages of the
outbreak and messagetypesare summarized in Table 2. Overall,
the public engaged most with tweets from the MOH during the
initial stage, with median values of 974 likes and 753 retwests.
Further analysisusing Mann—Whitney U tests (Table 3) revealed
that both like and retweet frequencies during the initial stage
were significantly higher for tweets that provided uncertainty
reduction messages (Z=-3.133; P=.002) and reassurance
messages (Z=-5.843; P<.001) than those that did not. Tweets
containing risk messages at this stage received fewer likes
(Z=—4.219; P<.001) and retweets (Z=—4.252; P<.001) than those
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that did not. In contrast, tweets containing risk messages during
the precrisis stage received more likes (Z=—2.034; P=.04) and
retweets (Z=—2.15; P=.03) than those that did not. Among tweets
in the maintenance stage, the frequencies of both likes
(Z=-3.708; P<.001) and retweets (Z=—3.605; P<.001) were
significantly higher for tweets that contained uncertainty
reduction information than for those that did not. Conversely,
frequencies of both likes (Z=—4.534; P<.001) and retweets
(Z=—4.547; P<.001) were significantly lower for tweets that
promoted digital health services than for those that did not.

Table 2. Median public engagement across outbreak stages and message types (January 1 to August 31, 2020).

Message type? Likes Retweets
All stages Precrisis Initial event  Maintenance All stages Precrisis Initial event  Maintenance

stage stage stage stage stage stage
All 819.0 437.0 974.0 582.0 603.0 473.0 753.0 351.0
Risk messages 598.5 686.0 4755 630.0 409.5 766.0 385.5 381.0
Warnings 785.0 1678.0 913.0 513.0 614.5 1801.0 710.0 335.0
Preparations 594.5 343.0 974.0 464.0 3975 438.0 708.0 273.0
Uncertainty reduction 841.5 389.0 1025.0 678.0 658.5 438.0 770.0 409.0
Efficacy 852.0 560.0 950.5 590.0 683.0 623.5 755.5 422.0
Reassurance 982.0 418.0 1629.0 568.5 740.0 401.0 1198.0 316.0
Digital health responses 650.0 0.0 899.0 452.0 444.0 0.0 620.0 2735

3/al ues presented are medians.
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Table 3. Median public engagement for tweets with or without message type at different stages of the COVID-19 outbreak in Saudi Arabia (January

1to August 31, 2020).

Variable® Median present Median absent U value Z-value P value
Precrisis
Risk messages
Retweets 766.00 432.00 78.000 —2.154 .03
Likes 686.00 403.50 84.000 —2.034 .04
Initial event
Risk messages
Retweets 385.50 781.50 15490.000 —4.252 <.001
Likes 974.50 1008.00 15547.500 —4.219 <.001
Uncertainty reduction
Retweets 770.00 723.50 70667.500 —2.915 .004
Likes 1025.00 964.50 69956.000 -3.133 .002
Reassurance
Retweets 1198.00 659.00 34581.000 -5.169 <.001
Likes 1629.00 856.00 32880.500 —5.843 <.001
Maintenance
Uncertainty reduction
Retweets 409.00 317.50 10781.500 -3.681 <.001
Likes 678.50 524.50 10680.000 -3.795 <.001
Digital health responses
Retweets 273.50 404.50 4823.000 —4.547 <.001
Likes 452.00 643.50 4831.000 —4.534 <.001

@0nly significant variables are reported.

Negative binomial regression outcomes are summarized in Table
4 (complete models are provided in Multimedia Appendix 4).
The model was significantly better than the null model, which
indicated that the variables (as a set) predicted the number of
likes (n=1217; x2,,=458.627; P<.001). The negative binomial
regression model for retweets (Table 4) was aso significantly
better than the null model (n=1217; x2,=575.495; P<.001).

The Wald test revealed that all of predictor variables were
significant (P<.05), except for risk messages and preparations.

Our results indicate that the use of hashtags was significantly
associated with higher levels of engagement (likes: IRR=2.470;
P<.001; retweets: IRR=2.813; P<.001), whereas the use of
hyperlinks was significantly associated with lower levels of
engagement (likes: IRR=0.839; P=.045; retweets: IRR=0.727,
P<.001). Compared to text-only content, the use of photographs
and videos was associated with significantly lower numbers of

https://publichealth.jmir.org/2021/7/e27942

likes and retweets (photographs: likes, IRR=0.530; P<.001;
retweets, IRR=0.476; P<.001; videos: likes, IRR=0.698; P=.006;
retweets, IRR=0.576; P<.006).

With respect to theimpact of content type on public engagement,
tweets with content related to warnings (likes. IRR=1.334;
P=.005; retweets: IRR=1.544; P<.001), uncertainty reduction
(likes: IRR=2.210; P<.001; retweets: IRR=2.197; P<.001), and
reassurance (likes: IRR=1.551; P<.001; retweets: IRR=1.517,
P<.001) were significantly associated with higher levels of
engagement.

Regarding crisis stages, tweets posted during the initial and
maintenance stages were significantly associated with higher
levels of engagement than those posted during the precrisis
stage (initia stage: likes, IRR=2.931; P<.001; retweets,
IRR=2.471; P<.001; maintenance stage: likes, IRR=2.355;
P<.001; retweets, IRR=1.623; P<.001).
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Table 4. Associations of tweet content, media type, and crisis stage with public engagement (January 1 to August 31, 2020).

Variables Likes Retweets
Incidencerateratio 95% Cl Pvalue  Incidencerateratio 95% Cl P value

Intercept 320.737 227.465-452.255  <.001 325.265 231.247-457.509  <.001
Hashtags 2470 2.172-2.810 <.001 2.813 2.469-3.206 <.001
Hyperlinks 0.839 0.707-0.996 .045 0.727 0.611-0.865 <.001
Media type

Text only Reference N/A2 N/A Reference N/A N/A

Photographs 0.530 0.428-0.656 <.001 0.476 0.384-0.591 <.001

Videos 0.698 0.540-0.901 .006 0.576 0.445-0.745 <.001
M essage type

Risk messages 1177 0.934-1.482 167 1.088 0.863-1.371 48

Warnings 1.334 1.089-1.634 .005 1.544 1.261-1.891 <.001

Preparations 1.007 0.836-1.212 .944 1.008 0.838-1.213 .93

Uncertainty reduction 2.210 1.882-2.595 <.001 2.197 1.870-2.583 <.001

Efficacy 1.096 0.926-1.297 .288 1.200 1.014-1.420 .03

Reassurance 1.551 1.320-1.821 <.001 1.517 1.296-1.776 <.001
Crisisstage

Precrisis Reference N/A N/A Reference N/A N/A

Initia event 2931 2.309-3.721 <.001 2471 1.945-3.141 <.001

Maintenance 2.355 1.825-3.039 <.001 1.623 1.256-2.096 .001

8N/A: not applicable.

Discussion

Principal Findings

This study shows that Twitter was wused as
areal-time communication channel to share, communicate, and
disseminate information during the COVID-19 pandemic.
Overdll, the MOH’s response to COVID-19 on Twitter was
aligned with the devel opments of the outbreak in Saudi Arabia.
During the precrisis and maintenance stages, the MOH’s use of
Twitter was partially consistent with the CERC model. While
intheinitial stage, the MOH’s communication wasin line with
the CERC model. The results of public engagement showed
that the levels of engagement were different as the pandemic
evolved. The tweets in the initial stage elicited the most
engagement by far.

The number of tweets pertaining to the COVID-19 pandemic
wasrelatively low (n=79) in the precrisis stage. However, when
COVID-19 emerged in Saudi Arabia on March 2, 2020, and
began to spread throughout the country, the MOH increased its
Twitter activity. The MOH posted most of its COVID-19—+elated
tweets (n=802, 65.89%) during this initial stage. This likely
corresponded with the public’s need for information, given that
individuals increasingly use social media to seek information
during crises [34,42]. The MOH regularly posted tweets
regarding COV1D-19 (n=336) throughout the maintenance stage
and until the end of the study period.

https://publichealth.jmir.org/2021/7/e27942

The results concerning public engagement showed that the
tweets in the initial stage received the most engagement from
the public. Thisresult was expected, considering the lockdowns
and curfew restrictionsimposed during this stage. Recent studies
have even reported an increase in the usage of the internet and
social media during COVID-19 lockdowns [43].

The MOH'’s use of Twitter was partially consistent with the
CERC model. During precrisis, the CERC model suggests that
communication should focus on risk information, warnings,
and preparations. Thisis because during the precrisis stage, the
public tendsto seek information regarding the nature of therisk
itself. However, our results show that a large proportion of the
MOH’s tweets in this stage included reassurance (67.1%) or
uncertainty reduction (51.9%), while those including risk
messages and warnings represented only 8.8% of al tweets.

Agwa[44], in her study of the Egyptian MOH’s use of Facebook
during the COVID-19 pandemic, also observed a lack of risk
information during early stages of the pandemic. One potential
explanation for this finding is the novelty and scientific
uncertainty associated with COVID-19 [45,46].

During the initial stage, the CERC model suggests that
communication messages should focus on reducing public
uncertainty and providing messages regarding efficacy and
reassurance. Consistent with the model, the MOH reduced
uncertainty by updating case reports, holding press conferences,
and providing information sources that accounted for 47.6% of
tweets. The MOH tweets also emphasized efficacy (34.4%) by
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highlighting common responsibility and personal prevention
measures to limit the spread of SARS-CoV-2 while providing
reassurance (18.1%). The MOH’s communication during this
stage was in line with the CERC model.

As a crisis continues into the maintenance stage, the CERC
model requires ongoing communication of uncertainty reduction
and reassurance. Additional efficacy messagesinform members
of the public about the expected course of action at this stage.

In accordance with the model, the MOH’s tweets during this
stage provided information sources to reduce uncertainty in
addition to efficacy and reassurance information. However, the
results showed that a considerable proportion (22.3%) of the
MOH'’s tweets in this stage included preparation messages
(mostly recommendations). This could potentialy be part of
the MOH'’s efforts to prepare the public for the “new normal,”
especially asthe country lifted its nationwide curfew and began
itsgradual reopening during this stage. While the CERC model
suggests that health communicators should offer reassurance
in the maintenance stage, crisis communication experts do not
recommend that messages be overly reassuring, as such
information may reduce an authority’s credibility [47]. Thisis
particularly the case in unexpected and unpredictable events
such asthe COVID-19 pandemic. In addition, it should be noted
that someinfectious disease outbreaks and epidemics commonly
become chronic crisesthat develop into crisis stages for longer
periods, making it difficult to make precise predictions [26].

Most importantly, our findings indicate that different types of
messages received different levels of engagement as the
outbreak evolved. In the precrisis stage, the public showed a
high level of interest in warnings and risk messages, asindicated
by ahigh level of engagement. Based on thisfinding, it may be
inferred that the public wanted to understand the full scope of
the risk. In the initial stage, members of the public engaged
more with certain messages (such as uncertainty reduction and
reassurance) than others; indicating their simultaneous need for
increased understanding and reduced anxiety regarding the
outbreak. During the maintenance stage, the public also showed
a high level of interest in information related to uncertainty
reduction, which indicatesthat they may have still felt uncertain
during this stage.

Our findings also identified anumber of factors associated with
greater public engagement during the pandemic. First, our results
show that the use of hyperlinks was negatively associated with
public engagement. This further supports the inferences by
Chung [48] that hyperlinksincrease the complexity of amessage
by requiring an extra action by the audience, thereby reducing
engagement. Another potential explanation is that hyperlinks
direct peopleto another webpage, at which point they may forget
about the original message. Second, in contrast with previous
reports supporting the positive effect of media on public
engagement [49-52], we found that theinclusion of multimedia
content (eg, photographs and videos) was negatively associated
with public engagement. Thisfinding is similar to that of Chen
et al [53], who also found that media richness was negatively
associated with public engagement with government social
media during the COVID-19 pandemic. This discrepancy can
be attributed to the differences in the events examined, as most
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studies supporting the positive effect were conducted in
noncrisis situations [53].

The content of the tweets was al so significantly associated with
public engagement, where tweets related to uncertainty
reduction, public reassurance, and warnings received higher
levels of engagement. Thisis consistent with the results of Tang
et a [54], who examined the public health agencies' tweetsin
Texas, where tweetsthat provided information about COVID-19
or described the government’s actions in containing the spread
of COVID-19 were found to be more likely to be retweeted.
This suggests that as the CERC model indicates, people need
this type of information during a public health crisis.

Limitations

There are several limitations and future considerations of this
study. First, while this study focused on Twitter, the MOH used
other social media platforms (such as Facebook and Instagram)
during the COVID-19 pandemic. Twitter is a microblogging
platform that allows users to post short messages that contain
up to 280 characters. Facebook alows for much longer posts
than Twitter, while Instagram is centered on images rather than
text. Since socia media platforms vary greatly in their
characteristics, different communication strategies may be
adopted and employed. Future studies should consider focusing
on the same topic on Facebook, Instagram, and other popular
socia media platforms.

Second, given that the pandemic is till ongoing, this study
focused on the first 3 stages of the crisis (precrisis, initial, and
maintenance stages) and did not examine the resolution or
evaluation stage. Future studies should expand the scope of the
analysis to provide a more comprehensive description of the
MOH'’s crisis communication on Twitter.

Only tweetswritten in Arabic and English wereincluded in the
analysis. In addition, this study did not attempt to analyze public
replies to the MOH's tweets. Further studies are needed to
examine the content of the public’s replies to understand their
responses and opinions regarding tweetsfrom the MOH. A final
limitationisthetimeinterval between the posting date of atweet
and the date of data collection. Since older tweets may take a
longer time to accumulate engagement, future studies should
consider such tempora effects. Future studies should aso
incorporate more appropriate measures of engagement, beyond
simply the numbers of likes and retweets.

Conclusions
The COVID-19 pandemicisan extreme crisisand has generated
significant  chalenges for  governments.  Effective

communication with the public is of crucial importance. This
study provided some insight into the Saudi MOH’s outbreak
communication strategy. Our findings identified differencesin
MOH communication practices during different stages of the
COVID-19 outbreak in Saudi Arabia, in terms of both types of
message content and levels of public engagement. Uncertainty
reduction, efficacy, and reassurance were the most common
types of messagesin MOH tweets. Our results provide severa
implications for crisis communication by researchers,
governments, health organizations, and practitioners to engage
their external public. Governments and health authorities should
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consider the public’'s information needs to promote their outbreaksand other public health emergencies hasthe potential
engagement; this, in turn, could raise the public’s awarenessof  to change outcomes and save lives.
a hedth crisis. Effective communication during disease
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Abstract

Background: There is still an HIV epidemic in the United States, which is a substantial issue for populations bearing a
disproportionate burden of HIV infections. Daily oral pre-exposure prophylaxis (PrEP) has proven to be safe and effective in
reducing HIV acquisition risk. However, studies document that PrEP awareness/usage islow. Thereisalso limited understanding
of social media platforms, such as Instagram, as PrEP information sources.

Objective:  Given the paucity of research on PrEP-related |nstagram posts and popularity of this social media platform, the
purpose of this research is to describe the source characteristics, image types, and textual contents of PrEP-related posts on
I nstagram.

Methods: Using Crowdtangle Search, a public insights tool owned/operated by Facebook, we retrieved publicly accessible and
English-language-only Instagram posts for the 12-month period preceding April 22, 2020, using the following terms: Truvada
or “pre-exposure prophylaxis’ or #truvada or #truvadaprep or #truvadawhore or #truvadaforprep. We employed a qualitative
coding methodology to manually extract information from posts. Using a pretested codebook, we performed content analysis on
250 posts, examining message and source characteristics (ie, organization type [eg, government, news] and individual type [eg,
physician]), including information about PrEP (eg, how it works, cost), and indicated users. Frequencies and percentages were
calculated for all categorical variables. A Chi-square test was conducted to determine differences between source types on a
variety of message characteristics.

Results: Three-quarters of the posts (193/250, 77.2%) were posted by organizations. Of the 250 posts reviewed, approximately
two-thirds (174/250, 69.6%) included a photograph, more than half (142/250, 56.8%) included an infographic, and approximately
one-tenth (30/250, 12%) included a video. More than half defined PrEP (137/250, 54.8%), but fewer posts promoted PrEP use,
explained how PrEP works, and included information on the effectiveness of PrEP or who can use it. The most commonly
hashtagged populations among posts were men who have sex with men (MSM), but not necessarily bisexual men. Few posts
contained race-/ethnicity-related hashtags (11/250, 4.4%). Fewer posts contained transgender-associated tags (eg, #transgirl;
5/250, 2%). No posts contained tags related to heterosexuals or injection drug users. We found statistical differences between
source types (ie, individual versus organization). Specifically, posts from organizations more frequently contained information
about who can use PrEP, whereas posts from individuals more frequently contained information describing adverse effects.

Conclusions: This study is among the first to review Instagram for PrEP-related content, and it answers the National AIDS
Strategy’s call for aclearer articulation of the science surrounding HIV risk/prevention through better understanding of the current
public information environment. This study offers a snapshot of how PrEP is being discussed (and by whom) on one of the most
popular social media platforms and provides a foundation for developing and implementing PrEP promotion interventions on
Instagram.
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Introduction

Background

Thereisstill an HIV epidemic in the United States, which isa
substantial  issue for priority populations bearing a
disproportionate burden of HIV infections. In 2018, rates of
HIV diagnoses remained higher among gay and bisexual men
(GBM) and other men who have sex with men (MSM), with a
particularly high burden among Black GBM; Black and Latinx
women and men; people who inject drugs; people aged 20-34
years, people in the southern parts of the United States; and
transgender women, with a high burden among Black
transwomen [1,2].

PrEP for HIV Prevention

Daily oral pre-exposure prophylaxis (PrEP), with a fixed-dose
combination of tenofovir disoproxil fumarate (TDF) 300 mg
and emtricitabine (FTC) 200 mg, has proven safe and effective
in reducing the risk of sexual HIV acquisition in adults [3].
Several PrEP clinical trials have demonstrated its safety and a
substantial reduction in the rate of HIV acquisition in MSM,
men and women among heterosexual HIV-discordant couples,
heterosexua men and women recruited as individuals, and
persons who inject drugs [4-7]. Accordingly, PrEP is
recommended for three main adult groups in the United
States—M SM, heterosexually active adults, and persons who
inject drugs—estimated in 2015 at 1.1 million [8].

PrEP Awareness and Usage

Large national studies of GBM, transmasculineindividuals, and
Black peoplein the United States document that PrEP awareness
and usage are low [9-11]. For example, in a probability-based
cohort study of gay and bisexual men, Dodge et a reported that
among HIV-negative/lunknown/untested GBM, <7% reported
using PrEP in the past 6 months [12]. Over half of the GBM
reported not using a condom during anal sex with their most
recent partner, with 94% of these men not on PrEP. Among
high-risk Black individuals participating in another study,
one-fifth knew about PrEP and the most reported reason for the
lack of willingness to use PrEP was low self-perceived risk
(65%0). In urban areas, athough PrEP awareness and use among
MSM hasincreased, PrEP use remains lower among Black and
Latinx MSM [13]. Lastly, PrEP awareness and useis critically
low among persons who inject drugs [14-17].

In 2015, the National HIV/AIDS Strategy for the United States
updated to 2020 was rel eased by the White House and included
four key areas [18]. One critica area is “full access to
comprehensive PrEP services for those whom it is appropriate
and desired, with support for medication adherence for those
using PrEP” The strategy outlined the need for providing “ clear,
specific, consistent, and scientifically up-to-date messages about
HIV risks and prevention strategies’ and utilization of
“evidence-based social marketing and education campaigns,

https://publichealth.jmir.org/2021/7/e23876

and...(leveraging of) digital tools and new technologies,” such
as social media platforms [18].

PrEP and Social Media

Although PrEP is a novel and promising approach to HIV
prevention, there is limited understanding of socia media
platforms as sources of information on PrEP. Socia media
platforms are interactive websites and applications that enable
users to create, share, comment on, and modify content [19].
Asof 2019, 9in 10 US adultsreported that they usethe Internet,
8 in 10 reported that they own a smartphone, and 7 in 10
reported that they use socia media [20]. Black and Latinx
individuals; leshians, gay men, and bisexuals; and young adults
who are at the greatest risk for HIV are heavy users of socia
media, and they represent important priority populations for
HIV risk/prevention messages [21,22].

Twitter and, to a lesser extent, YouTube appear to be the
preferred social media platforms for most research on PrEP.
For example, Kecojevic et a examined firsthand narratives of
individuals detailing their PrEP experiences via YouTube
[23,24]. They reported that the narratives covered awide range
of topics (eg, reasons to start PrEP, interacting with providers,
PrEP adverse effects, insurance coverage, stigma); although the
study focused on gay men, the authors emphasized a general
lack of PrEP awareness in the leshian, gay, bisexual, and
transgender community. Using natural language processing
techniques, Breen et a found increasing PrEP discussion on
Twitter [25]. They further noted that people who mention PrEP
on Twitter also talk about other issues, including general health,
sexually transmitted diseases (STDs), stigma, and palitics.
McLaughlin et al performed acontent analysis of PrEPfor HIV
prevention on Twitter and found that the most common
categories of tweets pertained to recipients of PrEP, with the
second and third most common categories capturing efficacy
and moral judgment, respectively [26]. The authors also found
that individuals (as opposed to organizational accounts)
comprised the majority of tweet creators. In their content
analysis of PrEP messaging on Twitter, Schwarz and Grimm
found that 54% of the tweets included PrEP
awareness/information, 15% discussed the barriersto use PrEPR,
14% contained consequenced/limitations, 9% included
antistigma, and 6% mentioned the stigma of using PrEP [27].
They further reported that tweets mentioning race, gender, and
sexual orientation were rare. Individuals were more likely to
tweet about antistigma than organizations and media outlets.

Although research has examined PrEP messaging on Twitter,
to date, we have found limited PrEP-related research focusing
on popular image-sharing social media sites such as Instagram.
With more than 1 billion monthly active users, Instagram is an
increasingly popular photo- and video-based socia media
platform with awide variety of users[28]. Each day, Instagram
users upload more than 500 million photos, videos, and stories
(a combination of videos, text, and photos) [29]. Instagram is
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the third most popular social media platform in the United
States, behind YouTube and Facebook, with 38% and 67% of
US adults and 18-29-year-olds, respectively, using Instagram
[21]. Itisa so an excellent platform for reaching out to adiverse
population, as the platform has a balance of genders (52%
female), and 40% of Black and 51% of Latinx Internet-using
adults use Instagram [21,29]. This positions Instagram as a
unique platform for examining health communication and,
specifically, PrEP-related communication intended for and
among racia and ethnic minority priority populations.

Instagram previously has been examined as a health promotion
modality with some researchers highlighting the general utility
of Instagram as a source of education and motivation [30] as
well as users experiences on receiving social support via
Instagram [31]. Additionally, Instagram relies heavily onimages
in its posts and has been referred to as a forum for parasocial
interaction or the one-sided feeling of connectedness between
afanand acelebrity [32]. Parasocia interaction can be examined
in the context of Instagram posts owing to the large fan bases
(ie, followers) attached to certain Instagram celebrities as well
as those celebrities’ depictions of their personal lives through
images. Given that other social media sites are not exclusively
image-driven, this positions Instagram as an optimal datasource
for thistype of study.

In one study, Nobles et al examined Instagram posts from
January 2017 to July 2018; although they did not focus
specifically on PrEP, they did find that PrEP was mentioned in
avery small percentage (6.2%) of the poststagged “HIV” [33].
These authors further noted that the visual content of specific
clinical interventions, such as PrEP promotion, are not well
represented on Instagram relative to public health priorities. To
date, only one study [34] has been undertaken to specifically
examine Instagram posts in the context of PrEP promotion
efforts, and its results describe surface-level engagements in
Instagram posts as generally positive among Black MSM. Given
the paucity of research on PrEP-related Instagram posts and the
popularity of this social media platform, the purpose of this
research is to build on previous research, such as the study by
Nobleset a (whichisbroadin focusand characterizesthe social
medialandscape regarding HIV risk and prevention messaging),
with particular focus on PrEP-related communications on
Instagram. Although past research suggests that PrEP
awareness/information comprises the largest content focus on
Twitter [27] and that most PrEP-related content on YouTube
focuseson GBM or MSM [23,24,35], it remains unclear whether
these result patterns exist on Instagram as well. Based on this,
we pursued three research questions (RQs):

RQ1: What is the textual content of PrEP-related Instagram
posts?

RQ2: Which priority populations are the focus of PrEP-related
Instagram posts?

RQ3: How does the textual content of PrEP-related posts vary
by source (ie, individual accounts versus organizational
accounts)?

Attempting to answer these research questions will allow usto
describe the landscape surrounding PrEP-related posts on a
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social mediaplatform that has been understudied in the context
of sexual health research and how posts are designed to target
specific users. These answers will be used to develop novel
communication strategies for promoting PrEP uptake and
adherence in populations at risk for HIV transmission.

Methods

Data Source

Using Crowdtangle Search [36], a Facebook-owned tool that
tracks interactions on public content from Facebook pages and
groups, verified profiles, Instagram accounts, and subreddits,
we retrieved publicly accessible and English-language-only
Instagram posts for the 12-month period preceding April 22,
2020, using the following search terms. Truvada or
“pre-exposure prophylaxis’ or #truvada or #truvadaprep or
#truvadawhore or #truvadaforprep [36]. We selected these
hashtags based on previous Twitter data research and a review
of popular PrEP-related hashtags provided in the Instagram
search textbox aswell asthose that were suggested by the search
textbox when our initial terms were entered. The initial search
returned 275 posts. A total of 250 posts were analyzed, as 20
posts were excluded for not being in English and 5 for
nonfunctioning links at the time of coding. Data on the final
250 public postsincluded the post URL, account and username
associated with the post, date and time of posting, type of post
(eg, photo, video), number of followers at the time of posting,
and text associated with the post. Engagement metrics were
also available and analyzed, including the number of likes as
well as the number of comments and views.

Data Coding

Despite the growing use of machine learning methods, thereis
evidencethat these methods do not always align well with social
science objectives [37]. For this study, we opted to use a
qualitative coding methodology through the development of a
coding document adapted from sentiment and other content
analysisresearch (eg, PrEP on YouTube, human papillomavirus
[HPV] vaccine information on YouTube) to manually extract
information from this sample of Instagram posts[23,24,38-40].
Using a pretested codebook, we performed content analysis on
all the 250 posts. The codebook included variables related to
the sources, image types, and caption characteristics, aswell as
hashtags used for each post. The coded source characteristics
included whether the Instagram account/profile represented an
individual or organization. Individual profiles were coded
according to self-identification as a parent, child, or
spiritual/religious person; political affiliations; and their reported
professions (eg, journalist, physician). For organizational
accounts, the organization type was coded using information
displayed in the user profile or links embedded in the user profile
or bio to the organization’s website (eg, business, media outlet,
nonprofit, government). As we extracted data from the
biographies/profiles of the posters, these data are not considered
anonymous. For example, some “personal” information was
recorded, such as the name (eg, Prevention305) and affiliation
of the poster.

Guided by previous research, we coded the Instagram posts for
specific information about PrEP and the indicated users[23,24]
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asfollows: whether the postsdefined PrEPR, explained how PrEP  any stigmatization or antistigma sentiments regarding PrEP
works, who can use it, or how to obtain it; discussed the users (eg, “My pharmacist just called me a slut for taking
effectiveness of using PrEP to prevent HIV; mentioned the Truvada”) [23,27]. The definitionsfor the variables mentioned
adverse effects of using PrEP; promoted PrEP use; andindicated  above are listed in Table 1.

Table 1. Definitions, examples, and frequencies of textual content characteristics and variables regarding pre-exposure prophylaxis—related messages

(N=250).
Message characteristic Definition Example Instagram post n %
Defines PrEP? Teking a prescription drug asameans of - «Tyyyada and Descovy are FDA-approved medications 137 548
preventing HIVP infection in an HIV- to prevent HIV when taken once daily.”
negative person
Promotes PrEP use Encouraging PrEP use among those at “Talk to your doctor or local clinician to determine if 93 37.2
risk, canincludeactionitems, suchas“ask PrEP might be right for you.”
your doctor about PrEP” “#PrEP2BeSafe like the #MenOfPrEP with your NEW
HAPPY PILL”
How PrEP works By taking Truvada/PrEP (a combination  “PrEPinvolvestaking the combination drug emtricitabine- 80 32.0

of two drugs, tenofovir and emtricitabing) tenofovir (Truvada) or emtricitabine plus tenofovir
daily, the presence of the medicineinthe alafenamide (Descovy) every day.”

bloodstream can stop HIV fromtaking  «\yaying PrEP medicine in your bloodstream can stop
hold and spreading in the body. HIV from taking hold and spreading in your body.”

Effective in preventing HIV Discusses the effectiveness of PrEP, such  “When taken daily, PrEP pills can reduce the risk of 70 28.0
as successful prevention of HIV and contracting HIV through sex by about 99 percent.”
statistics on prevention

Who can use PrEP Claiming or mentioning who shouldre-  “Pre-exposure prophylaxis (or PrEP) isadaily medication 68 27.2
ceive PrEP (ie, MSMd, “high-risk” individ- that allows peopleat very highrisk for HIV to lower their
uals) chances of getting infected.”

“PrEP has been shown to reduce risk of HIV infection
through sex for gay and bisexual men, transgender wom-
en, and heterosexual men and women, as well as among
people who inject drugs.”

How to obtain PrEP Mentioning where or how to obtain PrEP  “The Ready, Set, PrEP program makes PrEP medication 55 220
available at no cost for qualifying recipients. To receive
PrEP medication through this program, you must:

-Lack prescription drug coverage
-Betested for HIV with a negative result
-Have a prescription for PrEP

Talk to your health care provider or find a provider at
HIV.gov Locator to find out if PrEP isright for you.”

Costs of PrEP Mentioning the cost of PrEP or if insur- ~ “The Ready, Set, PrEP program makes PrEP medication 49 19.6
ance coversit available at no cost for qualifying recipients.”
Antistigma Owning the words, re-appropriate use, “The provision of the pill not only helpsto reduceinfec- 20 8.0
critique the use of stigma (eg, Truvada tionsbut allowsfor vulnerable populations and those often
whore) under a stigma, the opportunity to have access and be
even more safe”
Adverse effects Mentioning the adverse effectsof consum-  “Have you or aloved one taken the antiretrovira, Truva- 17 6.8
ing PrEP/Truvada (ie, kidney damage) da, and experienced osteoporosis, kidney failure, and
broken or brittle bones?’

Stigmatization of PrEP users  Stigmatization of PrEP users, and negative “Azealia Banks apologizes for ‘ extremely insensitive’ 5 20
attitudes or beliefs directed toward PrEP  comments on PrEP meds —‘ gay men should just be re-
users sponsible, so they don’t have to take a f*cking pill’”

3PrEP: pre-exposure prophylaxis.
PHIV: human immune virus.

°FDA: Food and Drug Administration.
dMSM: men who have sex with men.

Based on previous research, we also coded for whether each  tags (eg, woman, girl, female), transgender-associated tags (eg,
post included any race-associated hashtags (eg, #blacklove), #trans, transgirl), and any other tags related to the PrEP
male-associated tags (eg, man, boy, male), female-associated guidelines of the Centers for Disease Control and Prevention
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(CDC) (eqg, #igbt, #gbtq, #gay, #queer, #heterosexual, #drugs)
[3,41]. Previous research highlights the utility of hashtags in
reaching a wider audience, so we determined that this would
be an effective way to identify the target audiences of these
posts [42,43]. The raters relied on hashtags and captions to
identify the target audience and did not attempt to code the
physical characteristics of those featured in photographs, as
assuming one's ethnic background or gender identity did not

Walsh-Bunhi et a

seem appropriate. Finally, we coded for the source that the post
credited (eg, CDC, medical doctor), and whether the posts gave
firsthand accounts of experienceswith PrEP, whether the person
writing the post was a child or an adult, and whether the
firsthand experience with PrEP originated from an individual
who belongsto the M SM group. We identified over 500 unique
hashtags. Table 2 displays the top 10 most frequently used
hashtags in this sample.

Table 2. Ten most common hashtags found in pre-exposure prophylaxis-related Instagram posts (N=541).

Hashtag Count, n %

#prep 41 7.6
#hiv 39 72
#hivprevention 32 59
#truvada 22 4.1
#gayman 16 30
#gaytheringhotel 13 24
#descovyprep 12 2.2
#truvadaprep 12 22
#sexual health 11 20
#aids 9 17

Two raters independently coded 57 characteristics of the posts
in multiple stages. Specifically, the raters coded a set of
Instagram posts after which the raters and amoderator discussed
and resolved the discrepancies between ratings. This process
was repeated for atotal of four coding stages wherein each post
was double coded on each variable. This was done to identify
issues with the coding protocol and other errors. For instance,
1 post from the first set of 20 posts ultimately resulted in a
broken link on the date which the raters met to reconcile their
codes and was ultimately excluded from thefinal data set. After
the first discussion on the coding differences and questions
about the interpretation of the codebook definitions, the
codebook was revisited with feedback from the raters to make
the definitions more specific. Next, the two ratersindependently
coded another 42 Instagram posts and repeated the process.
Then, the ratersindependently coded another 40 | nstagram posts
and met to discuss coding differences. This process was then
repeated with the remaining 149 Instagram posts. The codes
from these four iterative rating stages were merged to form a
data set of 250 posts. The lowest observed Cohen kappa (k)

https://publichealth.jmir.org/2021/7/e23876

statistic found in this merged data set was-0.02, which occurred
when the raters attempted to code for Stigma of PrEP Users
present in the posts. Only 2 variables reported k values that
were less than 0.21, which indicates fair or higher levels of
agreement across the various observations [44]. The median k
value was 0.76. After identifying the discrepant codes, the two
raters and the moderator met to reconcile the codes for each
variable in this data set and reached a perfect agreement over
thefinal data set.

Data Analysis

We conducted all analyses using IBM SPSS Statistics (Release
26.0.0.0) and R (Foundation for Statistical Computing, Vienna,
Austria; https.//www.R-project.org/). The measures of central
tendency (eg, mean, median) and dispersion (eg, standard
deviation [SD]) were calculated for the continuous variables.
Frequencies and percentages were calculated for all the
categorical variables. Lastly, a Chi-square test was conducted
to determine the statistical differences between source types
(ie, individual versus organization) regarding a variety of other
characteristics, including those displayed in Tables 1 and 3.
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Table 3. Source attribution in pre-exposure prophylaxis—related I nstagram posts (N=250).
Source attribution: Posts citing information from the sources listed below n %
The Centers for Disease Control and Prevention or other another federal entity or foreign equivalent 25 10.0
PrEP? manufacturer (eg, Gilead, Merck) 22 838
Government officials (eg, senators, governors, representatives) or from political organizations 17 6.8
A celebrity 13 5.2
Another source such as WebMD, Mayo Clinic 11 44
A state or local health department 9 3.6
A medical doctor (physician) 8 32
A member of the research community (eg, researcher, scientist) 7 28
The World Health Organization 2 0.8

8PrEP: pre-exposure prophylaxis.

Results

Descriptive Statistics

For the 250 reviewed PrEP-related Instagram posts, the mean
number of likes was 844.5 (SD 3,596.2; median 43.5; range
1-45,674); the mean number of commentswas 16.96 (SD 77.1;
median 1; range 0-1,086). For the 30 video posts, the mean
number of views was 1033.4 (SD 6,523.3; median O; range
0-64,866). Data for the number of followers were available for
193 posts; the mean number of followers was 114,487.6 at the
time of posting (SD 598,905.8; median 11,705; range
459-7,780,734). Aswefocused on analyzing the textual content
of the Instagram posts, we found that the text character counts
varied. The mean number of charactersin the posts was 645.4
(SD 467.1; median 515; range 1-2,196).

Source Char acteristics

More than 75% of all the posts (193/250, 77.2%) were posted
by organizations, whereas 22% (55/250) were posted by
individuals. The remaining posts came from | nstagram accounts
that were unclear in terms of whether they were representing
an individual or organization. Among the 193 Instagram posts
made by organizations, the largest identified types were health
information providers (115/193, 59.6%), nonprofit/advocacy
groups (95/193, 49.2%), and health care organi zations (89/193,
46.1%). Among the 55 posts made by individuals, the largest
identified types were those having a political affiliation (6/55,
10.9%), journalists (5/55, 9.1%), nursesor alied health workers
(5/55, 9.1%), and physicians (4/55, 7.3%), as shown in Tables
4 and 5.

Table 4. Source characteristics of Instagram posts among individuals regarding pre-exposure prophylaxis (N=55).

Information available in the posts, biographies, or profiles of individuals n %
Poalitics (eg, political affiliation) 6 109
Being ajournalist or member of the press 5 9.1
Being anurse or alied health worker 5 9.1
Being a physician (eg, medical doctor, MD?, DO, resi dent) 4 73
Being a health educator 3 55
Religion or spirituality (eg, scripture, prayer, god) 2 3.6
Being achild (eg, son or daughter) 1 18
Being a parent (eg, mother or father) 0 0
Being an epidemiologist 0 0

A persond account from individuals with afirsthand experience with PrEPS, Truvada, or HIVYAIDS® 10 182
A persona account originating from an individual who is aman who has sex with men (eg, GBMf) 15 27.3

3 D: Doctor of Medicine.

bDO: Doctor of Osteopathic Medicine.

°PrEP: pre-exposure prophylaxis.

9H1V: human immunodefici ency virus.

€AIDS: acquired immunodeficiency syndrome.
€GBM: gay and bisexual men.
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Table 5. Source characteristics of Instagram posts among organizations regarding pre-exposure prophylaxis (N=193).

Information available in the posts, profiles, biographies, or affiliated websites of organizations n %

Health information provider

Nonprofit/advocacy group

Health care organization

Business (eg, company, franchise, store, product, or service)
Nonhealth-related advocacy group

News or media organization

City, state, or federal government

School or school district

115 59.6
95 49.2
89 46.1
44 22.8
42 21.8
40 20.7
16 8.3

1 0.5

It must be noted that the source characteristics in Table 4 do
not add up to 100% owing to information being unavailable on
theindividual poster’s I nstagram bio. The source characteristics
in Table 5 exceed 100% because an organization may be
included under multiple categories (eg, a business and a health
care organization).

Media Type

Of the 250 Instagram posts reviewed, more than two-thirds
(174/250, 69.6%) included images (ie, nonmoving photo image
or snapshot), more than half (142/250, 56.8%) included
infographics (ie, photos or images containing factual
information/data/charts), and approximately one-tenth (30/250,
12%) included a video (eg, video, Boomerang, graphic
interchange format [GIF] files).

RQs

RQ1: What is the textual content of PrEP-related Instagram
posts? Table 1 displays the results answering our first research
guestion. We observed that more than half of all the reviewed
Instagram posts defined PrEP (137/250, 54.8%). Fewer posts
promoted PrEP use (93/250, 37.2%), explained how PrEPworks
(80/250, 32%), and included information on PrEP’ s effectiveness
(70/250, 28%) or who can use PrEP (68/250, 27.2%). Lessthan
one-quarter of all the reviewed posts provided information
regarding how to obtain PrEP (55/250, 22%), costs related to
PrEP (49/250, 19.6%), or adverse effects of PrEP (17/250,
6.8%). More posts were classified as battling stigma (20/250,
8%) than those classified as stigmatizing PrEP users (5/250,
2%). As displayed in Table 3, less than half of al the posts
provided some source attribution (eg, citation) for the
information posted. The most cited sources in the reviewed
posts were the CDC (25/250, 10%) and PrEP manufacturers
(eg, Gilead; 22/250, 8.8%).

RQ2: Which priority populations are the focus of PrEP-related
Instagram posts? When answering our second research question,
we found that PrEP-related Instagram posts were most
commonly focused on GBM and MSM. The most commonly
hashtagged priority population among postsincluded MSM but
not necessarily bisexual men (eg, #gayman, #gaymen, #gayboy;
69/250, 27.6%). Few Instagram posts contained only
male-associated hashtags (eg, #men; 39/250, 15.6%) or only
femal e-associated tags (eg, #girlboss, #girlpower; 7/250, 2.8%).
Very few posts contained race- or ethnicity-related hashtags
(11/250, 4.4%), such as #BLACKPOWER and #latinxpower.

https://publichealth.jmir.org/2021/7/e23876

Even fewer posts contained transgender-associated tags (e.g.,
#trans, #transgirl, #trandatina; 5/250, 2%). No posts contained
tags related to heterosexuals or injection drug users.

RQ3: How did the textual content of PrEP-related posts vary
by source (eg, individual accounts versus organization
accounts)? Instagram posts from organizationswere more likely
to describe who can use PrEP, compared to those posted by
individuals, with X2,=9.7 (N=248) and P=.002. Almost one-third
(62/193, 32.1%) of the posts from organi zations described who
can use PrEP, compared with 11% (6/55) of the posts from
individuals. Conversely, Instagram posts from individualswere
more likely to mention the adverse effects of PrEP, compared
to the posts by organizations, with X21=24.8 (N=248) and
P<.001. More than 20% (12/55, 21.8%) of the posts from
individuals mentioned PrEP adverse effects, compared to 3%
(6/193) of the posts from organizations.

Regarding source attribution differences, |nstagram posts from
organizations were more likely to cite information from the
CDC or other federal sources, compared to those posted by
individuals, with X?,=5.3 (N=248) and P=.02. More than 10%
(247193, 12.4%) of the postsfrom organizations cited the CDC,
compared to 2% (1/55) of the posts from individuals.
Conversely, Instagram posts from individual s were more likely
to cite information from a PrEP manufacturer compared to the
posts by organizations, with X21:9.8 (N=248) and P=.002.
Almost 20% (10/55, 18.2%) of the posts from individuas
mentioned Gilead or Merck, or their representatives, compared
to 5% (10/193) of the posts from organizations. No other
statistical differences were found.

Discussion

Principal Results

Thisresearch study isamong thefirst to review Instagram posts
for textual content specifically related to PrEP. We found that
PrEP awareness/information (eg, posts defining PrEP) comprised
the largest content focus;, gay men comprised the priority
population most commonly represented in these posts,
organizations and individuals differed somewhat in terms of
their post contents. These findings are further contextualized
below.
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Comparison With Prior Work

Our results, similar to those reported in studies involving
PrEP-related content on Twitter [27] and on YouTube [23,24],
suggest that a broad range of topics are mentioned in
PrEP-related posts on Instagram. Our finding that
awareness-related posts featuring PrEP definitions represent
the largest content focus is consistent with previous research
results regarding PrEP messages on Twitter. Schwartz and
Grimm offered possible explanations for why this may be the
most prominent form of PrEP content on social media[27] and
identified potential reasons for low prescription rates [45] and
promotion of PrEP [46], along with the uncertainty conveyed
inonline news stories about PrEP appearing in the United States
[42].

Uncertainty about health-related topics can drive information
seeking [47] and if clear PrEP-related informationis unavailable
through traditional information sources, the uncertainty
surrounding PrEP may prompt some individuals to consult
aternative sources (including social media) to fulfill their
informational needs. This notion is supported by Breen et al
[25] who found increasesin Twitter posts focusing on PrEP (as
well asother health-related topics) in recent years. Young adults
(especially those aged 18-24 years) may turn to social mediaas
most individuals in this age group are already daily users of
platforms such as Instagram [20]. Owing to the sensitive nature
of PrEP-related information, these young adults may seek this
information and other sexua health—related information from
online sources (including social media), rather than from health
careproviders, or family and friends[48]. Thiscould beviewed
positively as organizations seem to be utilizing Instagram to
provide PrEP-related information; however, as described in the
following paragraphs, PrEP-related posts from organizations
differ significantly from those of individuals in ways that may
influence their impact on PrEP uptake and adherence.

One of the interesting findings from this research is that the
current population-related focus appears to be on gay men, as
the M SM populationisthe most commonly hashtagged priority
population in the posts (eg, #gayman, #gaymen, #gayboy),
although theseindividuals are not necessarily bisexual men. As
rates of HIV diagnoses remain high among gay men, PrEP
promotion messaging should focus on this important priority
population. However, given that the rate of insertive condomless
anal sex acts with casual partnersis statisticaly significantly
higher in bisexual men compared to gay men [49], a PrEP
promotion focus on bisexual menissorely lacking inthissocial
media space. Such a focus is important, as research indicates
that focusing on HIV in cities with high numbers of bisexual
men (men who have sex with men and women) may have the
dual effect of improving the health of the bisexual community
and the health of MSM populations that have a high burden of
HIV [50].

We aso found that very few Instagram posts contained race-
or ethnicity-related co-occurring hashtags, and even fewer posts
contained transgender-associated co-occurring tags. Given that
Black individuals account for a higher proportion of new HIV
diagnoses and people living with HIV, compared to other
races/ethnicities, people of color represent important priority
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populationsin termsof HIV risk and PrEP promotion [51]. This
isespecially truefor men and women, as Black men represented
31% of the new HIV diagnosesin the United States, and Black
women are approximately 16 times more likely to receive a
diagnosis of HIV infection compared to White women [51,52].
In addition to aweak social mediafocus on PrEP for people of
color, we found that only 2% (5/250) of the posts contained
transgender-associated tags although transgender persons are
at avery high risk for HIV infection [53]. Lastly, we found no
PrEP promotion focusing on heterosexual adults or injection
drug users in Instagram posts, both of which represent groups
for which PrEP is indicated in the United States [8]. The lack
of PrEP promotion on Instagram for bisexual men, people of
color, transgender persons, heterosexual adults, and peoplewho
inject drugs remains a critical missed opportunity.

Our results aso show some differences in the source
characteristics of the PrEP-related posts as well as the textual
content shared by organizations and individuals. Organizations
comprised the vast majority (193/250, 77.2%) of PrEP-related
Instagram posts, a stark difference compared to that reported
by McLaughlin et al [26] who stated that organizations were
lesscommon creators of tweetsfocusing on PrEP. Organizations
aresignificantly morelikely to shareinformation regarding who
can use PrEP. Thisfocus may coincide with the advocacy goals
of HIV nonprofit organi zations seeking to leverage social media
as a platform for intervening and expanding organizational
capacity to increase PrEP awareness, disseminating educational
material, and enhancing engagement with members of the public
[54,55]. If part of these public engagement and outreach efforts
involves partnershipswith federal agencies, it may help explain
why organizations (compared to individuals) in our data are
more likely to cite the CDC and other federal sources in their
PrEP-related content. Another possibility is that these
organizations are more likely to mention federal agencies as
reliable sources for scientific research on PrEP in their content
to offer clarity and reduce public uncertainty about PrEP
[27,56,57]. In contrast, individuals were more likely to include
PrEP-related content focusing on the adverse effects of PrEP
and were also more likely to mention manufacturers such as
Gilead or Merck, or their representatives. One explanation for
this result may be that individuals are more likely to focus on
the adverse effects of PrEP and cite PrEP manufacturers as part
of larger public discussions surrounding consumer experiences
with the pharmaceutical drug industry and drug safety. Prior
research suggeststhat social mediacan bearich sourcefor these
public discussions [58]. These findings highlight the perceived
differences between posts made by PrEP users and those
organizations that develop or promote PrEP. We recommend
that organizations work with communities related to PrEP or
sexual health influencers on Instagram to devel op and maintain
explicit partnershipsfor implementing communication strategies
aimed at reducing barriers to PrEP uptake and adherence (eg,
stigma, lack of knowledge about adverse effects, and costs).
This strategy has been examined by previous research into
Instagram suggesting that influencers provide several techniques
for disseminating information that may be less possible for
organizations (eg, word-of-mouth dissemination and celebrity
status updates) [59-61].
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Limitations

This research should be considered within the context of its
limitations. First, the Instagram posts included in this research
are only those that are publicly available. Although this is
consistent with the data showing that most social media users
report setting all their social media accounts to private [62], it
presented a limitation to our study, as we were unable to
generalize our findings beyond publicly accessible posts.
Second, although we followed a methodical process for
identifying hashtagsto usein our search for posts, we may have
excluded some hashtags, resulting in missed posts pertaining
to PrEP. Third, of the 193 posts coded as stemming from
organizations, 49 originated from a single account
(Prevention305), which represents 25% of that organizational
subgroup. This may have generally skewed the findings for
organizationstoward Prevention305's PrEP awareness campaign
goals. Fourth, as this study was our first attempt to apply a
predefined codebook used in textual analyses of Twitter data
to Instagram, we have not reported on the data extracted from
photos or videos. The only exception was when we described
the basic topology of the images (ie, whether the image was a
photo, an infographic, or avideo). This necessitates a slightly
different application of our methodology than what was stated
asthe purpose of this study and may be utilized in future projects
to expand on the findings highlighted in the current paper.
Lastly, because we focused our review on English-only posts,
we may have missed important Instagram content related to
Spanish-speaking people (eg, Latinx).

Despite these limitations, our study exhibits some strengths.
This study is among the first to examine PrEP-related textual
content on Instagram. Despite its popularity, especially among
young adults, Instagram remains an understudied platform, and
the current study begins to address this gap in the extant
literature. In addition, although our sample only includes
publicly available posts, to the extent that as these posts are

Walsh-Bunhi et a

indeed reflective of the public PrEP-related information
environment on Instagram, they may point toward types of
PrEP-related content that Instagram users seeking information
about PrEP arelikely to encounter. Future research may confirm
this if interviews or surveys are conducted to determine the
most common types of PrEP-related content Instagram users
recall encountering during active searchesfor PrEP information.
Public health professionals may also consider the publicly
available user comments for PrEP-related content posted on
Instagram to gauge user reactions. These user comments may
offer insights into how priority populations may respond to
PrEP-related content serving asthe basisfor future PrEP-rel ated
interventions. Future studies should al so strive to examine such
content across social media platforms, including Instagram,
Facebook, and Twitter.

Conclusions

The National AIDS Strategy’s call to more clearly articulate
the science surrounding HIV risk and prevention is more fully
addressed by first understanding the current public information
environment surrounding PrEP. The present study seeksto begin
answering thiscall by offering a snapshot of how PrEPisbeing
discussed (and by whom) on one of the most popular social
mediaplatforms. In addition, this study respondsto the National
AIDS Strategy’s recommendation to develop campaign
strategiesthat leverage the unique properties of emerging digital
technologies by laying the foundation for big data approaches
that may be applied to glean insights for messaging in PrEP
campaigns and interventions. These findings highlight the
additiona effortsrequired to reach the National AIDS Strategy’s
goal of improved communication surrounding PrEP. The small
number of Instagram posts that feature PrEP highlight a less
than optimal level of engagement, and the current study should
serve as a cal for investigators to utilize emerging tools such
as |nstagram more effectively to engage priority populationsin
conversations around PrEP.
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Abstract

Background: Innovative approaches to the dissemination of evidence-based COVID-19 health messages are urgently needed
to counter social media misinformation about the pandemic. To this end, we designed a short, wordless, animated global health
communication video (the CoVideo), which was rapidly distributed through social media channels to an international audience.

Objective: The objectives of this study were to (1) establish the CoVideo's effectiveness in improving COVID-19 prevention
knowledge, and (2) establish the CoVideo's effectiveness in increasing behavioral intent toward COVID-19 prevention.

Methods: In May and June 2020, we enrolled 15,163 online participants from the United States, Mexico, the United Kingdom,
Germany, and Spain. We randomized participants to (1) the CoVideo arm, (2) an attention placebo control (APC) arm, and (3)
a do-nothing arm, and presented 18 knowledge questions about preventive COVID-19 behaviors, which was our first primary
endpoint. To measure behavioral intent, our second primary endpoint, we randomized participants in each arm to five list
experiments.

Results:  Globaly, the video intervention was viewed 1.2 million times within the first 10 days of its release and more than 15
million timeswithin thefirst 4 months. Knowledge in the CoVideo arm was significantly higher (mean 16.95, 95% Cl 16.91-16.99)
than in the do-nothing (mean 16.86, 95% CI 16.83-16.90; P<.001) arm. We observed high baseline levels of behavioral intent to
perform many of the preventive behaviorsfeatured in the video intervention. We were only ableto detect a statistically significant
impact of the CoVideo on one of the five preventive behaviors.

Conclusions: Despite high baseline levels, the intervention was effective at boosting knowledge of COVID-19 prevention. We
were only able to capture a measurable change in behavioral intent toward one of the five COVID-19 preventive behaviors
examined in this study. The global reach of this health communication intervention and the high voluntary engagement of trial
participants highlight several innovative featuresthat could inform the design and dissemination of public health messages. Short,
wordless, animated videos, distributed by health authorities via social media, may be an effective pathway for rapid global health
communication during health crises.

Trial Registration: German Clinical Trials Register DRK S00021582; https://tinyurl.com/6rdzkbbn

International Registered Report Identifier (IRRID): RR2-10.1186/s13063-020-04942-7
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Introduction

Soon after the outbreak of the COVID-19 pandemic,
health-related misinformation flooded the social media space
[1,2]. Compelling, but often misleading, content captured the
attention of a frightened global community [2]. The rapid and
widespread dissemination of such misinformation on social
media often overshadowed evidence-based recommendations
released through more traditional public health communication
channels. As a result, dangerous messages that increased the
spread of COVID-19 and led to adverse health outcomes were
allowed to spread to the estimated 3.8 billion people worldwide
who use social media[3]. Tedros Ghebreyesus, Director-General
of the World Health Organization warned, “We're not just
fighting an epidemic; we're fighting an infodemic” [2].

Thereis acritical need to rapidly disseminate evidence-based
informational videos on social mediachannelsto counteract the
epidemic of COVID-19 misinformation. To date, public health
efforts have focused on correcting misinformation and
debunking myths [4]. As such, these measures have amost
exclusively been reactive rather than proactive. The corrective
content itself has not been designed to incorporate the very
characteristics that support the viral spread of content on social
media[5]. For thisreason, social mediainterventions designed
to correct misinformation have unfortunately demonstrated far
lessimpact than the content they aim to correct [4]. Researchers
studying this emerging global health communication approach
have urged health authorities to enter the social media arena
more intentionally, with the aim of disseminating valid
information, evaluating itsimpact, and reducing the knowledge
trandlation gap [ 3]. Social media health messaging interventions
need to do more than convey reliable information. They must
be as emotionally compelling as they are evidence-based, if
public health authorities are to reach broad, globa audiences
[5]. They also need to be accessible and tailored for
cross-cultural acceptability [6].

In March 2020, we designed a short, wordless, and animated
video to disseminate information about preventing the spread
of COVID-19 [7,8]. The intervention video (the CoVideo)
promotes evidence-based messages that focus on a set of
preventive behaviors such as hand washing, social distancing,
and the sanitation of kitchen surfaces, among others.
Importantly, the CoVideo incorporates audience engagement
characteristicsthat motivate widespread sharing on social media
[5]. For example, it includes a compelling, familiar narrative
and characters that are culturally agnostic; and the soundtrack
is designed to evoke high-arousal emotions [9], which reflects
the anxiety, atruism, and solidarity [10] of the global
community. The CoVideo wasreleased on Stanford Medicine's
YouTube channel on March 21, 2020, and within 10 days
reached 332,000 views on YouTube, 220,000 views on
Instagram, 294,000 views on Facebook, and 402,000 views on
Twitter, with acumulative count of 1.2 million [6]. It continued
to spread organically across social media channels, due to

https://publichealth.jmir.org/2021/7/e29060

reposting by several global health authorities, including
government departments of health, community health
organizations, and media channelsaround theworld [6]. Within
4 months, the CoVideo had reached more than 5.8 million
people through their social media accounts.

In this study, we evaluate the effectiveness of the CoVideo to
improve knowledge and behavioral intent toward COVID-19
prevention. According to the Theory of Planned Behavior, the
intention to act is considered to be the immediate determinant
of action[11]. Here, we frame behavioral intent as representing
the participant's commitment to undertake COVID-19
prevention behaviors in the next 7 days, which is the second
outcome of our study [12,13]. As the primary outcome of our
study, we aim to measure changes in knowledge about
COVID-19 prevention. Knowledge is often considered to be a
necessary but not sufficient condition for motivating a healthy
behavior [14]. Specificaly, the Theory of Planned Behavior
posits that knowledge is more likely to be correlated with
behavior if correct answers on the knowledge test support the
practice of that behavior [15]. Results from this study, which
incorporates severd innovationsin global health communication,
can inform the development of future videos to disseminate
evidence-based recommendations related to COVID-19 and
other public health emergencies.

Methods

Trial Design

This is a multisite, parallel-group randomized controlled trial
(RCT) comparing the effectiveness of a short informational
video on COVID-19 prevention. To evaluate the effectiveness
of the CoVideo, we enrolled participants from five countries
into a large, online RCT. We randomly assigned participants
to the CoVideo [7], an attention placebo control (APC) video
[16], or no video (do-nothing arm), and measured change in
knowledge of COVID-19 prevention behaviors (first endpoint)
and changein self-reported behaviora intent toward COVID-19
prevention (second endpoint). Our RCT included two innovative
experimental approaches. First, we used the APC to isolate the
content effect of the CoVideo (the active component of the
COVID-19-related health messaging and its delivery design)
from the attention effect of watching a video (the inactive
component of the intervention). Second, we nested a list
experiment in each trial arm to reduce socialy desirable
responses to the behavioral intent questions. Both approaches
were leveraged to improve the accuracy of our estimates. The
study and its outcomes were registered with the German Clinical
TrialsRegister [17] on May 12, 2020 (DRK S00021582). Ethical
approval was obtained from the Stanford University Ingtitutional
Review Board on April 12, 2020 (#55820). There were no
changes to the trial outcomes or methods after the trial
commenced.
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Participants

We used an online platform called Prolific [18] to enrall
participants from the United States, Mexico, the United
Kingdom, Germany, and Spain into the RCT [8]. Participant
eigibility included being 18 to 59 years of age (male, female,
or other), being a resident of one of the five countries, and
having proficiency in English, German, or Spanish. The trial
was hosted and deployed on Gorilla [19], which is a cloud
platform that provides versatile tools to undertake online,
experimental, and behavioral research [20]. Participants were
compensated an equivalent of £1 (US$ 1.39) for a 10-minute
completion time. To prevent duplicate participation, Prolific
usesanumber of tracking mechanisms, including IP and internet
service provider address detection [21].

Procedures

Participants began by answering basic demographic questions
about their age, sex, primary language, country of residence,
and highest education compl eted.

The Gorillaagorithm then randomly assigned participants 1:1:1
to the CoVideo, APC video, or do-nothing groups. Participants
were required to watch the CoVideo or the APC video once
from start to finish. The CoVideo is animated with sound effects
but does not include any words, speech, or text. It explains how
the novel coronavirusis spread (airborne, physical contact) and
recommends best practices to prevent onward transmission
(staying a home, not congregating in public spaces, and
sanitizing hands/surfaces). It also covers the mass media
coverage of the outbreak and the public’sresponseto thismedia
coverage, which includes a subplot on the stockpiling of
essential goods, and the impact thereof on health care services
and resources (eg, doctors being unable to access protective
equipment). Thetotal duration of the CoVideo is 2 minutes, 30
seconds.

The APC is also a wordless, animated video with the same
duration asthe CoVideo. Its content describes how small choices
become actions, which become habits, which become away of
life. We included an APC to account for possible attention
effects elicited by the video format. APC conditions should
mimic the“inactive” components of an intervention—the effect
of watching the video—while not containing any of the “ active’
intervention components—the content delivered by the video
[22]. We did not make the assumption that the CoVideo is better
than nothing (ie, no video). It is possible that the CoVideo could
motivate reactance to our COVID-19 prevention message
[23-25].

After completing theintervention (CoVideo, APC, do-nothing),
participants answered 18 knowledge questions on preventive
COVID-19 behaviors. All itemsrequired true or fal se responses,
and all participants received the knowledge items. After
completing the knowledge questions, participants then
completed five list experiments. For each list experiment, we
randomized participants 1:1 to acontrol list or acontrol list plus
asenditiveitem about behavioral intent toward social distancing,
washing hands, cleaning dishes, cleaning kitchen surfaces, and
the stockpiling of essential goods. The control group received
alist of 5itemsthat were unrelated to COV1D-19. For example,
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in the first list experiment, we asked: “How many of the five
statements do you agree with? We don’t want to know which
ones, just answer how many: 1. Spend time watching TV, 2.
Do the vacuuming, 3. Pick afight with my partner, 4. Eat alow
sugar diet, 5. Rinse my nose with salt water daily” The
treatment group received the same 5 items and 1 additional
“sengitive” item, “Go out with my friends,” which indicates
behavioral intent to social distance (or not) during lockdown
restrictions. We used the list experiments to reduce social
desirability bias [26,27] and designed them in line with best
practices [28].

Statistical Analysis

We summarized the participant characteristics by obtaining
mean (SD) values for age, gender, primary language, country
of residence, and education status. Using the Gorilla platform,
we identified and excluded participants from the analysis who
were lost, defined as those who did not complete the survey
from start to finish. Because we could not determine if
participants watched some or all of the CoVideo or APC video,
we used an intention-to-treat analysis.

For thefirst endpoint, we calculated aknowledge score for each
participant by adding the correct responses (min=0, max=18).
Participants had a time limit of 30 seconds to answer each
knowledge item, preventing them from searching for answers
on the internet. If the participant timed out, they received a
missing value of 9. This missing value was recoded as an
incorrect answer to the knowledge item, since the participant
could not correctly answer the question in the all otted time. We
used an analysis of variance (ANOVA) model with and the
Tukey honestly significant difference to test for statistically
significant differences (with a=.05) in mean knowledge between
the CoVideo, APC, and do-nothing arms. The ANOVA model
is y=b,VideoArm, where y is the number of knowledge
statementsthat the participant correctly answered and VideoArm
represents the treatment arm.

For the second endpoint, we calculated the prevalence of
behavioral intent to perform COVID-19 preventive behaviors
for each list experiment. L et C; denote the number of itemsthat

thejth participant selected from the control list (min=0, max=5),
and let T; be the number of itemsthat the jth participant selected

from thetreatment list (min=0, max=6). We cal cul ated the mean
score for the control list, denoted by @ and treatment list,

denoted by |, for the ith list experiment (i=1,...,5). Let the
superscripts cov denote the CoVideo, apc denote the APC, and
no denote the do-nothing arms, and let k denote the kth trial arm
(k O [cov, apc, na]). For list experiment i and trial arm k, we
then estimated the prevalence of behavioral intent, denoted by

Pik, as the difference between the treatment and control, such
that P;“= (T;* = ) x 100. From these estimates, we calcul ated
the total, content, and attention effect of the CoVideo. Let D;™
denote the total effect, which is estimated by P,** — P,"°; and
let D;" denote the attention effect, which is estimated by P,%*

—P;™. These analyses are anal ogous to difference-in-difference
analyses, which we implemented by specifying the main and
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interaction termsin an ordinary least squares (OLS) regression
model. The OLS equation for the ith list experiment is given
as.

y = by + b;VideoArm + b,TreatList + b,y(VideoArm
x TreatList),

wherey isthe number of statementsin thelist that the participant
agreed with, VideoArm indicates the kth arm, and TreatList
indicates assignment to the treatment or control list. We
calculated standard errors, 95% Cls, and P values (with a=.05)
for linear combinations of coefficients from the OLS model.

Informed Consent

All participants underwent a process of informed consent on
the Prolific platform. The consent form explained the purpose
of the study, the risks and benefits of the research, and how to
contact the study investigators (or the Stanford University ethics
review board). By clicking the link, participants agreed to
participate in our study, and were redirected to the Gorilla
platform, where additional information was given. Participants
could withdraw from the study at recruitment or at any point
during the experiment.

Confidentiality

Each participant was assigned a unique, anonymized ID on
Prolific and had no identifying information associated with it.
We informed participants that their names could be revealed to
us if they emailed the study investigators. The study
investigators kept this information confidential.

Blinding

Because Prolific handled the interaction between the study
investigators and participants, the participants were compl etely
anonymous to the study investigators. Participants
self-responded to the survey questions and self-submitted their
responses anonymously on the Gorilla platform. Only the

Vandormael et d

participant’s unique, anonymized ID was used to manage the
linking between the Prolific and Gorilla platforms. The study
investigators were blinded to the group allocation [8].
Adver se Event Reporting and Harms

No adverse events or harms were observed given the online
format of the trial.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon request.

Results

Between May 13, 2020, and June 23, 2020, 15,163 participants
from the United States, Mexico, the United Kingdom, Germany,
and Spain were enrolled in our RCT. Between recruitment and
randomization, 171 participants were lost and 14,992
participants were randomly assigned to the CoVideo (n=4940),
APC (n=4954), and do-nothing (n=5081) arms (Figure 1). After
randomization, another 173 (do-nothing), 177 (APC), and 143
(CoVideo) participantswerelost for unknown reasons (possibly
due technical issues like lost internet connection; difficulties
linking to the video host, YouTube; server complications, etc).
A total of 14,482 participants completed thetrial and contributed
datato the final analysis.

The majority of participants reported their residence in the
United Kingdom (n=8519, 58.8%) or the United States (n=3765,
26%), and 84.9% (n=12,288) of participants reported English
astheir first language. The sample wasrelatively well educated,
with 81.6% (n=11,812) having some college education or higher
(bachelor’'s, master’s/equivalent, or PhD). Table 1 shows the
percentage of participantsin each arm and treatment list by age,
gender, country of residence, educational status, and primary
language.

Figure 1. Tria design. After recruitment, participants were randomly assigned (1:1:1) to the CoVideo, attention placebo control (APC), or do-nothing

arms. Participantsin each trial arm were also randomized (1:1) to a control |

ist (5 items; no sensitive item) or atreatment list (6 items; with 1 sensitive

item) about behavioral intent toward social distancing, washing hands, cleaning dishes, cleaning kitchen surfaces, and the stockpiling of essential goods.
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Table 1. Baseline demographic characteristics of participants by trial and list experiment arms (collected from 14,482 participants between May 2020

and June 2020).
Characteristic Do-nothing APC? CoVideo P value
Control list, Treatment Control list, Treatmentlist,n(%) Control list, Treatmentlist, n (%)
n (%) list,n(%)  n(%) n (%)

Age .98
18-24 years 672(27.7) 691(27.8) 649(27.0) 640 (26.9) 656 (27.2) 667 (27.9)
25-34 years 877(36.2) 902(36.3) 866(36.1) 880 (37.0) 884(36.7)  848(35.5)
35-44 years 475(19.6) 502(20.2) 484(202)  456(19.2) 479(19.9) 470 (19.7)
45-54 years 285(11.8) 295(11.9) 207 (124) 279 (1L7) 280(11.6) 299 (12.5)
55-59 years 116 (48)  93(37) 104 (4.3) 122 (5.1) 110 (46) 104 (4.4)

Gender .38
Female 1316 (54.3) 1298(52.3) 1353(56.4) 1269 (53.4) 1306 (54.2) 1310 (54.9)
Male 1090 (44.9) 1167 (47.0) 1037 (43.2) 1092 (45.9) 1088 (45.2) 1063 (44.5)
Other 19 (0.8) 18 (0.7) 10 (0.4) 16 (0.7) 15 (0.6) 15 (0.6)

Country of residence >.99
Germany 118 (4.9) 135 (5.4) 132 (5.5) 116 (4.9) 130 (5.4) 124 (5.2)
Mexico 116 (4.8) 119 (4.8) 119 (5.0) 117 (4.9) 114 (4.7) 117 (4.9)
Spain 124 (5.1) 126 (5.1) 125 (5.2) 121 (5.1) 123 (5.1) 122 (5.1)
United Kingdom 1418 (585) 1453 (585) 1384 (57.7) 1437 (60.5) 1429 (59.3) 1398 (58.5)
United States 649(26.8) 650(26.2) 640(26.7) 586 (24.7) 613(25.4)  627(26.3)

Education status .35
Primary school 66 (2.7) 90 (3.6) 66 (2.8) 61(2.6) 83(3.4) 87 (3.6)
High school 360(14.8) 377(152) 383(16.0) 360 (15.1) 364 (15.1)  373(15.6)
Bachelor's, somecollege 1551 (64.0) 1570(63.2) 1529 (63.7) 1507 (63.4) 1526 (63.3) 1497 (62.7)
Master's’PhD 448 (185) 446 (18.0) 422(17.6)  449(18.9) 436 (18.1)  431(18.0)

First language >.99
German 117 (4.8) 135 (5.4) 130 (5.4) 116 (4.9) 128 (5.3) 124 (5.2)
English 2068(85.3) 2103(84.7) 2026(84.4) 2022 (85.1) 2044 (84.8) 2025 (84.8)
Spanish (Mexico) 124 (5.1) 126 (5.1) 125 (5.2) 123(5.2) 123 (5.1) 122 (5.1)
Spanish 116 (4.8) 119 (4.8) 119 (5.0) 116 (4.9) 114 (4.7) 117 (4.9)

The knowledge questionnaire had an acceptable reliability
correlation coefficient of 0.65 (split-half). Overal, there was
extraordinarily high attainment of COVID-19 knowledge. In
the do-nothing arm, participants correctly answered 16.86 (95%
Cl 16.83-16.90) out of 18 items, which is a 93.7% correct
response rate (Figure 2). With this high baseline score, the
CoVideo could therefore only increase knowledge by a
maximum of 1.14 points. Relative to the do-nothing arm, the
CoVideoincreased knowledge by 0.09 points (mean 16.95, 95%
Cl 16.91-16.99; P=.002), which represents an increase of 7.6%
(0.09/1.14) (Figure 2). The average score for the APC arm was
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16.89 (95% CI 16.86-16.93), a correct response rate of 93.8%.
When we removed the attention effect of the video format, the
CoVideo increased overall knowledge by 0.06 points (P=.06),
which represents an increase of 5.3% (0.06/1.11). Figure 3
shows the proportion of correct responses to each of the 18
knowledge items (see also Table S1 in Multimedia Appendix
1). The highest correctly answered item (“An effective way to
prevent COVID-19 spread is to wash your hands frequently
with soap and water”) had a correct response rate of 99.4%;
most items had a >90% correct response rate.
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Figure 2. Mean scores for the COVID-19 knowledge questions by trial arm (N=14,482). Differences between the CoVideo, attention placebo control
(APC), and do-nothing arms are reported with P values. Total effect represents the difference in means between the CoVideo and do-nothing arms,
attention effect represents the difference in means between the APC and do-nothing arms, and content effect represents the difference in means between

the CoVideo and APC arms.
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Figure3. The proportion of correct answersfor each knowledge item in the CoVideo, attention placebo control (APC), and do-nothing arms (N=14,482).

An effective way to prevent COVID-19 spread: wear
a face mask even If you don't have COVID-19
symptoms

An effective way to prevent COVID-19 spread:
avoid sharing eating utensils with others

An effective way to prevent COVID-19 spread: eat
garlic with each meal

An effective way to prevent COVID-19 spread:
avoid places that are crowded with people (like
bars, restaurants or performances)

An effective way to prevent COVID-19 spread:
avoid shaking hands with other people
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Figure S1 in Multimedia Appendix 1 shows the mean scores
for the five list experiments by trial arm and list group. These
mean scoreswere used to calcul ate the prevalence of behavioral
intent for each preventive COVID-19 behavior, including the
total and content effectswith 95% Clsand P values (Figure 4).
Scores for the treatment list are higher because the treatment
list has 6 items and the control list has 5 items. For agiven trial
arm, the difference between the treatment and control means
represents the prevalence of intent to undertake the preventive
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COVID-19 behavior. For example, for the first list experiment
in the CoVideo arm (“this week | will go out with friends’),

E:Z.ZO isthetreatment mean and E 2.03 isthe control mean.

The prevalence is then | x 100 = (2.20-2.03) x 100 = 17.2,
as shown in Figure 2. Similarly, the prevalence for the APC

arm is|E x 100 = (2.33-2.03) x 100 = 29.4. For our secondary
outcome, we report that participants in the CoVideo arm had
lower behaviora intent to go out with friends when compared
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with the APC (content effect=—0.123, P<.001) and do-nothing
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(total effect=—0.045, P=.24) arms.

Figure 4. The prevalence of behavioral intent for each of the five list experiments with 95% Cls. Differences between the CoVideo, attention placebo
control (APC), and do-nothing arms are reported with P values. Total effect represents the difference in means between the CoVideo and do-nothing
arms, attention effect represents the difference in means between the APC and do-nothing arms, and content effect represents the difference in means

between the CoVideo and APC arms.
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Discussion

In this study, wetested an intervention with several innovations
in global health communication that catalyzed a broad, organic
global reach on social media[6,8-10]. The intervention, called
the CoVideo, packaged critical health messages about
COVID-19 prevention within a compelling, familiar narrative,
using characters that were free of cultural identifiers and a
soundtrack designed to evoke high-arousal emations. Our results
showed that baselinelevel s of COVID-19 prevention were high,
and that the CoVideo intervention increased this prevention
knowledge by another 7.6% and 5.3% rel ative to the do-nothing
and APC arms, respectively. It was also found that the CoVideo
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intervention improved behavioral intent toward COVID-19
prevention when compared with the APC and do-nothing arms.

To evaluate the effectiveness of the CoVideo on knowledge and
behavioral intent toward COVID-19 prevention, we used alarge,
online RCT to enroll 15,163 participantsfrom the United States,
Spain, Germany, the United Kingdom, and Mexico. Theresults
for our first endpoint showed high knowledge of COVID-19
prevention behaviors across the five countries. For the three
trial arms, the average number of correct answers was nearly
17 out of 18 items, a correct response rate of approximately
94%. Moderate to high knowledge levels about COVID-19
prevention measures among the general public were aso
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observed earlier in Ecuador [29] and the United States[30-32].
On the other hand, a recent systematic review on knowledge,
attitude, and practices toward the COVID-19 pandemic on the
American continent concluded that many people have
insufficient knowledge about the virus, highlighting the need
to develop effective educational tools and materials on
COVID-19 prevention [33]. The high baseline levels of
COVID-19 knowledge in our study could be due to the delay
of several weeks that occurred between the original release of
the CoVideo and the launch of our online trial, as we awaited
ethics approval, and designed and registered the trial. Thislag
likely facilitated exposure of our participants to COVID-19
prevention messages from other sources. Our results suggest,
aswe drift deeper into the pandemic, it may be unnecessary to
spend more money on public health campaigns to improve
COVID-19 prevention knowledge in the five countries from
which we enrolled participants.

An important study finding was that the CoVideo improved
already high levels of COVID-19 prevention knowledge. Inthe
do-nothing and APC arms, only 1.14 and 1.11 additional correct
itemswere needed to reach a perfect (100%) score, respectively.
Our results showed that the CoVideo boosted COVID-19
prevention knowledge by another 7.6% relativeto the do-nothing
ceiling and by 5.3% relative to the APC ceiling. It seems
plausible, therefore, that the CoVideo could significantly
improve COVID-19 prevention knowledge in countries where
baseline knowledge levels are currently low or moderate.

For our second endpoint, we nested a list experiment in each
trial arm to evaluate the effect of the CoVideo on self-reported
behavioral intent toward COVID-19 prevention. We used this
experimental approach because it is likely that participants (at
the time of enrollment) were aready primed to give socialy
desirable responses to questions about COV1D-19 prevention.
The indirect questions (ie, how many statements do you agree
with) provide protection to participantswho have no behavioral
intent toward COVID-19 prevention, without revealing this
intention directly [27]. Our results showed that behavioral intent
to go out with friends during stay-at-home recommendations
and to stockpile household goods was lower in the CoVideo
arm when compared with the APC and do-nothing arms, but
not significantly so. We also observed that participants had
higher behavioral intent to prevent COVID-19 spread by
cleaning dishes after use when compared with the do-nothing
arm (significantly different) and APC arm (not significantly
different). Several studies have used the list experiment
technique in the context of COVID-19 and found that list
experiments were less favorable than simpler, traditional
measurements, concluding that social desirability had no impact
on the reported compliance with COVID-19 regulations[34,35].
On the contrary, other scholars have argued that the list
experiment approach counters social desirability and is,
therefore, lesslikely to introduce measurement errors presented
by direct questions that measure self-reported compliance with
COVID-19 guidance [36,37].

Our study isinnovative in its use of both alist experiment and
an APC video. Our APC video was selected to account for the
possible attention effects elicited by the CoVideo intervention.
The APC was designed to mimic the inactive components of
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the CoVideo intervention (the effect of watching avideo of the
same length), while not containing the active intervention
component (the content of the COVID-19—+elated health
messaging and its delivery design) [22]. The APC, therefore,
enabled us to decompose the total intervention effect, which is
the difference in knowledge means between the CoVideo and
do-nothing groups, into the sum of the content and attention
effects. We are not aware of any study that has used this
approach to isolate the active component (the content effect) of
the intervention video itself. For this purpose, we advise
researchers using APCs to choose their APC topic carefully,
and to avoid any potential effect of the placebo content on the
outcomes being studied.

Our study had several limitations. At the time of our study, no
validated scale on COVID-19 knowledge prevention existed.
Nevertheless, we used best practices from the survey methods
field to inform the design and development of the knowledge
guestions[38]. Another limitation isthat we could not determine
if participants watched some or al of the CoVideo or APC
video. Once participants were randomized to avideo, they could
not skip to the end or fast-forward without ending the study.
However, it ispossiblein some cases that the participants could
have been engaged in other activities while the video was
playing. Because of potential noncompliance, we used an
intention-to-treat analysis. One possible limitation is that high
baseline knowledge likely reflects the high educational status
of our online sample, with 81.6% having some college education
or higher (bachelor’ sequivalent, master’s, PhD). Our sample
was likely more educated than the general populations of the
United States, the United Kingdom, Germany, Spain, and
Mexico. A similar educational distribution has been reported
in a recent web-based study on COVID-19 knowledge in the
United States and United Kingdom [39].

Together, the findings of this study present innovative
propositions for content design, dissemination, and evaluation
of rapid globa health communication interventions. Content
designs that emphasize cultural accessibility, convey a
compelling narrative, and elicit high-arousal emotions could
fuel rapid dissemination across the 3.8 billion global citizens
currently using social media. The wordless, animated approach
also minimizes barrierstraditional ly associated with underlying
differences in language and literacy levels. Given the massive
global penetration of social media, short, animated, wordless
video messages, designed to spread organically, may help public
health authorities reach people wherethey are (ie, social media).
Evaluating these interventions using online trials, APCs and
list experiments can help expedite results and strengthen our
efficacy evaluations. The value of such an approach becomes
especialy apparent during global crises in which lost weeks
trandateintolost lives. Accessible and compelling video health
messages that lean on the shared characteristics of our global
community could facilitate the spread of time-sensitive health
messages. Public health authorities poised to implement these
innovative health communi cation solutions could better support
aglobal community facing unprecedented, shared challenges.
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Abstract

Background: The Centers for Disease Control and Prevention's (CDC’s) National Healthcare Safety Network (NHSN) is the
most widely used health care—associated infection (HAI) and antimicrobial use and resistance surveillance program in the United
States. Over 37,000 health care facilities participate in the program and submit a large volume of surveillance data. These data
are used by thefacilities themselves, the CDC, and other agencies and organizations for avariety of purposes, including infection
prevention, antimicrobial stewardship, and clinical quality measurement. Among the summary metrics made available by the
NHSN are standardized infection ratios, which are used to identify HAI prevention needs and measure progress at the national,
regional, state, and local levels.

Objective: To extend the use of geospatial methods and tools to NHSN data, and in turn to promote and inspire new uses of
the rendered datafor analysis and prevention purposes, we devel oped aweb-enabled system that enables integrated visualization
of HAI metrics and supporting data.

Methods: We leveraged geocoding and visualization technologies that are readily available and in current use to develop a
web-enabled system designed to support visualization and interpretation of data submitted to the NHSN from geographically
dispersed sites. The server—client model—based system enables users to access the application via a web browser.

Results: We integrated multiple data sets into a single-page dashboard designed to enable users to navigate across different
HAI event types, choose specific health care facility or geographic locations for data displays, and scale across time units within
identified periods. We launched the system for internal CDC use in January 2019.

Conclusions: CDC NHSN statisticians, data analysts, and subject matter experts identified opportunities to extend the use of
geospatial methods and tools to NHSN data and provided the impetus to develop NHSNViz. The devel opment effort proceeded
iteratively, with the devel oper adding or enhancing functionality and including additional data setsin aseriesof prototypeversions,
each of which incorporated user feedback. Theinitial production version of NHSNViz providesanew geospatial analytic resource
built in accordance with CDC user requirements and extensible to additional users and uses in subsequent versions.

(JMIR Public Health Surveill 2021;7(7):€23528) doi:10.2196/23528
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Introduction

The National Healthcare Safety Network (NHSN) is a
web-based system developed and maintained by the Centers
for Disease Control and Prevention (CDC), and used by health
care facilities, the CDC, and other agencies and organizations
for surveillance of health care-associated infections (HAIS),
antimicrobial use and resistance, and other health care events
and processes. NHSN data serve a variety of purposes that
include infection prevention, antimicrobial stewardship, and
clinical quality measurement. The CDC launched the system
in 2005 and its current surveillance coverage extends to over
37,000 health care facilities nationwide. Because of state and
federal HAI reporting requirements, NHSN's geographic and
health care facility coverage is extensive and the granular HAI
data and summary statistics available for use are voluminous.

Health care facilities submit data to the system in accordance
with NHSN’s surveillance protocols, and the facilities access
the system’sanalytic featuresto produce summary statisticsfor
their own facility, including the cumulative attributable
difference (CAD) [1]—abenchmark of the difference between
observed and predicted HAls—and the standardized infection
ratio (SIR) [2]—ameasure of theratio of observed to predicted
HAIls. Summary statistics enable intrafacility and interfacility
comparisons for individual health care facilities and groups of
facilities, and aso provide a means to assess HAI prevention
needs or progress at local, state, and national levels.

All datathat health care facilities submit to NHSN are facility
identifiable and can belinked to a street address, which enables
analysis and display of NHSN data by the geographic location
of each reporting facility. Most of the data that hospitals report
also specify the patient care location within the hospital where
the data originated (eg, intensive care unit [ICU], and, more
specifically, by type of unit, such as surgical or medical ICU).
For analytic purposes, NHSN data may be aggregated at a
variety of geographic levels, from patient care locations within
individual facilities to facility, regional, state, and national
levels. NHSN analyses also may call for datato be aggregated
according to predetermined time intervals, such as calendar
quarter and year, or by customized data ranges.

The wide variety of granular data submitted to NHSN, the
increasing volume of NHSN data and complementary data
available from external sources, and the broad range of NHSN
data analyses that are produced, planned, or could be made
possible present an opportunity to leverage the large amount of
dataona*“big data’ platform for NHSN data users. Among the
basic requirements are systematically organizing the massive
amount of data available because of NHSN's surveillance
coverage and making those datareadily availableto NHSN data
analystsin waysthat hel p maximize the usability and usefulness
of the data for analytic purposes.

The importance of data visualization for exploratory data
analysisisaxiomatic across many disciplines. In epidemiol ogy,
visualization of geospatial data can revea meaningful
associations between alocal site, such as a health care facility,
and its surrounding environment [3]. Compared with traditional
data representations, such as tables or static figures, and
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particularly when the data can be characterized aslarge volume,
high complexity, and highly disparate [4], data visualization
based on a geographic information system (GIS) display offers
enhanced opportunities to use them for public health purposes,
such as for infectious diseases prevention and control. In
practical terms, datavisualization bolsters public health efforts,
including outbreak detection and response activities [5,6].

At the CDC and throughout public health, data visualizationis
an important means of enhancing efficiencies and scalability of
data analysis and dissemination [7]. Data visualization tools
and platforms developed at the CDC's enterprise and division
levels typicaly serve domain-specific programmatic needs,
such as environmental and behavioral health. These
programmatic systems tend to focus on data presentations at
geospatial levels—municipal, county, state, and
national—located above the health care facility level. The
paramount importance of facility-level datafor HAI surveillance
and prevention places a premium on aggregating, processing,
and exhibiting data at a more granular level than istypical for
other public health domains, while also enabling HAI data to
be visualized at higher geospatial levels. Commercially
available, ready-to-use visualization tools provide an array of
important capabilities, such asrendering simple visual displays
of bivariate analytic results [8]. However, the shortcomings of
these systems typically include limited capacity to represent
analytic results that involve multiple variables, aspects of data
in parallel, or complex relationships between various data
sources [9]. These limitations led the NHSN program to make
the decision to develop asystem for visualization of NHSN data
sets—NHSNViz. Among the most important requirements
identified and prioritized for the NHSN platform are the capacity
to capture the logic embedded in data and to stimulate
knowledge discovery. Therefore, consolidating multiple data
sources and layers into the same space is a prerequisite.
Additionally, the underlying connection between multiple
variables of data needs to be explicitly expressed via proper
user interaction design, which can streamline otherwise
complicated surveillance inquiry tasks. All these requirements
would be better satisfied with an ad hoc solution which is not
limited by predefined visualization templates.

In summary, this project is driven by the following research
guestions: in terms of HAI prevention analyses, “What are the
critical data sources and elements,” “What is the most intuitive
and user-friendly visualization representation of each variable,”
and “How could multiple facets of the various data sets be
integrated into the same display systematically?’. By leveraging
the expertise of infection preventionists, these topics have been
explored in depth. In the following sections, we introduce our
preliminary responses for these research questions as well as
the methodology of our analyses process.

Methods

Overview of Development of NHSNViz

Statisticians, epidemiologists, data scientists, and other
stakeholders, including policy and communications staff, spurred
NHSNViz development (Figure 1). Their input was trand ated
into technical requirements for the system’'s design and
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functionality, which in turn were applied in an agile software
engineering life cycle characterized by a short feedback loop
and sequential improvements that incorporated stakeholder
feedback [10]. In particular, all requirements proposed by
stakeholders are decomposed, itemized, and documented

Zheng et a

systematically. Each featureisthen prioritized based on itsvalue
and the overall business strategy. Finally, the design and
implementation are reconfirmed via sketch, paper interface, or
prototype to guarantee transparent communication between
stakeholders and developers.

Figurel. NHSNViz development timeline. CAD: cumulative attributable difference, GI'S: geographic information system, NUM&DENOM : numerator

and denominator, SIR: standardized infection ratio.
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The project began in earnest in mid-2017 following an increase
in stakeholder requestsfor aready-to-use set of toolsthat would
facilitate geospatial analysis and visualization of NHSN data.
These requests prompted an initial round of brainstorming
conducted by nominal group techniques, formal requirements
gathering based on group interviews, rapid prototype
development followed by a user observation test, approval for
aproof-of-concept project, organization of adevel opment team,
and initiation of aproject aimed at producing abetatest version.
In October 2018, the beta test version was released and tested
by over 20 individuas, drawn from diverse disciplinary
backgrounds and avariety of programmatic unitswithin CDC's
Division of Healthcare Quality Promotion. All beta testers
completed training with a 1-hour online learning course. Most
users easily comprehended the operations of the system.
Afterward, user feedback was collected viaeither asurvey form
or astructureinterview. These suggestions are primarily related
to the choice of visualization representation, for example, how
to represent “null” value on the map and how to highlight an
increase or decrease on the timeline.

Beta test user experience and recommendations guided further
devel opment of the NHSNViz application, which waslaunched
forinitial production usein January 2019. Sincethen, user input
has led to additional NHSNViz enhancements, specifically the
addition of new analysis and visualization features and new
NHSN data sets.

NHSNViZ's continuous devel opment and rel ease cycle provides
opportunities for incremental improvements while retaining a
core set of maintenance processes and system features:

« Spatial locations of individual health care facilities are
gathered via geocoding, providing an aid to identifying

https://publichealth.jmir.org/2021/7/e23528

The application was
made available on
Jan 7 2019.

Development
continues, and the
application and data
sets are updated
quarterly.

participants were
selected across the
Division.

A project debrief was
performed at a
leadership meeting
on Feb 6 2019.

Phase 1: Oct-Nov

|
Phase 2: Dec More to come!

Built-in Analysis Demographic Resuits Export
Speed Factors Panel Color Schemes
Optimization Timeline Opts
User Experience State-Level
Improvement Performance
NUM&DENOM

facilities and geographic areas where HAI prevention
progress has been made or has yet to be achieved.

« Hospital characteristics, including hospital type (eg, major
teaching hospital), number of hospital beds, and hospital
network affiliation, enabling rapid assessments of individual
hospitals with high or low SIRs.

« Quarterly and yearly aggregations of granular HAI data
and summary statistics, such as numerator and denominator
data, SIRs, and 95% confidence intervals are displayed.
The availability of SIRsfor each facility and for individual
patient care locations/units within facilities promotes
in-depth understanding of where HAI prevention resources
are most needed.

« Demographic data acquired from external sources on
income and census statistics provide additional datalayers
to support policy- and population-related analysis.

All these requirements eventually spawned ahigh-dimensional,
high-complexity schema. To build such a big data application,
modeling the relation among multiple data elements and
constricting response time are the 2 major technical challenges
to be addressed.

Geocoding

Geocoding, which transforms physical |ocations such asmailing
addresses to latitude- and longitude-based geographic
coordinates, is an essential component for GIS applications.
We used the Geocoding web service of Google [11] to obtain
coordinates information for the NHSNViz project. As a part of
the data collection process, the health care facility address that
facilities report to NHSN in NHSN’s annual survey, including
street, city, and state and zip code, was used to invoke the
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Geocoding service, and then the coordinates were parsed out
from the JSON format response.

Data Format and Preparation

Indexing and merging multidimensional tabular data into a
single entity hel psto optimize querying performance. The JSON
format provides alight-weight semistructured norm for hosting
multidimensional data sources. The particular JSON format
specification, GeoJSON, is designed for encoding geographic
data, with flexible customization of attributes as needed. We
used the Point geometry type of GeoJSON to represent health
care facilities, which enables transformation of each facility’s
profile and measurement to subattributes under its “property”
field. Coordinates collected from the geocoding process are
inserted into the “geometry” field. This data transformation is
completed offline asapart of aprior processing step to optimize
the client-side performance.

Interactive Map

An interactive map serves as the background canvas for a GIS
system. Ledflet is a prevalent open-source JavaScript library
for visuaizing interactive maps. It is lightweight and yet
provides the most commonly used map features such as layers,
markers, and choropleth maps. Leaflet supports GeoJSON
format directly. We apply this framework to NHSNViz by
converting each JSON file entry (ie, a health care facility) to a
“dot” marker on the map. The color of each “dot” and the
corresponding legend are used to depict the level of a value,
such as SIR or CAD.

Visualization

The graphical form that users want to see when they visualize
data depends on specific analytic interests (eg, basic frequency
distributions, temporal trends, geographic comparisons, or other
data relationships). AnyChart is a JavaScript library for
rendering charts that takes into account a wide range of user
needs and preferences. It supports more than 70 flexible and
interactive chart types. We leveraged this versatility, in
conjunction with an analysisof NHSN datausers' requirements,
to enable NHSNViz users to render avariety of charts:

«  Stacked column chart: Thisis used to represent data with
multiple segments. It demonstrates how each segment
contributes to the overall number and displays the changes
overtime.

« Mosaic chart: Also known as the heatmap chart. It
represents adatamatrix while each cell uses different colors
to represent different values.

https://publichealth.jmir.org/2021/7/e23528
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-  Waterfall chart versus Column chart: Both represent
time-based data series. However, waterfall chart highlights
the change between data points using floating columns
while the column chart represents absolute value with the
length of columns. With markers showing the upper and
lower bounds, a column chart works as an error chart and
could be used to display variability details such as the
confidence interval of SIR.

« Treemap chart: This renders categorica data in a
hierarchical way. For comparison purpose, it displays the
proportion of every subcomponent and exhibits the value
of each simultaneoudly, in other words, 2 facets of the
entities could be visualized in parallel.

Use of these chart typesin NHSNVizisillustrated in the “User
Interface” section.

Results

System Architecture

NHSNViz's underlying architecture is a classic client—server
design with an HTML/JavaScript-based front end. When the
server isstarted, all dataand configuration filesareloaded from
a Windows shared drive with a JCIFS SMB connection. This
design isolates the relatively stable source code from the
regularly updated configuration parameters and data sets. To
optimize NHSNViz's client-side runtime performance, all
required data are downloaded in batch when the application is
opened in a web browser. Next, all querying and filtering
interactions with the application are completed on the client
side, which minimizesthe hardware and bandwidth requirements
for the server. Technical specification of the server are as
follows:

« OS System: Linux CentOS 7

« Server: Tomcat 9

«  JavaScript Libraries: Leaflet 1.5.1, AnyChart 7.4, DHTMLX
5.1

User Interface

The resulting user interface can represent complex analytic
results and consolidate multiple variables aswell asmultifaceted
relationships between them. NHSNViz's JavaScript-based
interface leverages state-of-the-art visualization libraries,
including Leaflet, AnyChart, and DHTMLX, which enables
integration of NHSN data sets and the supplementary
demographic data setsinto a single-page dashboard (Figure 2).
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Figure2. NHSNViz System Interface (Synthetic Data).
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This 1-dashboard, multiple-view design enables both
experienced users and beginners to navigate easily across
different geographic locations and periods. Users can
conveniently browse demographic characteristics for selected
geographic areas, clinica quality performance measures
previously calculated and made available through NHSNViz at
the health care facility, state, and national levels, and health
care facility attributes such as bed size and medica school
affiliation. These interactive features enable dynamic queries
based on user’s operations.

A user may choose panels of interest to customize the layout
of the interface for a specific task, and then navigate through
different HAI types, time points, locations, and facility aspects.

To configure the Filters Panel (1), the user can focuson facilities
displayed viaMap (2) and List (3). Selecting either adot on the
map or an entry on the list will render detailed profile
information and performance measures of the facility. One can
also export the data set displayed onthe List directly intoaCSV
file.

The Profile Panel (4) displays hospital bed sizes, including both
ICU and non-ICU locations, using a stacked column chart,
enabling data visualization for each subcategory segment.
Additionally, the status of hospitals' antimicrobial stewardship
programs is represented by a mosaic chart, which is usually
used to illustrate a categorical data matrix.

The Timeline Panel (5) at the bottom of the NHSNViz display
enablesaccessto clinical quality measuresfor calendar quarters
or years, presented via a column chart or waterfall chart,
highlighting the absolute or relative values, respectively. The
Right Panel (6) displays additional performance details such as
the Treemap chart representing patient care location groups
within a facility that has a tree structure hierarchy and allows
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drill-down; the color of each unit represents a performance
measure such as SIR while the size represents either the
denominator or numerator value. In addition, both the Timeline
and Treemap areinteractive. The user may update performance
measures displayed on the map and list to certaintime or clinical
unit by simply clicking on the corresponding data point.

The Demographic Factors Panel (7) supports aggregated
measures and external complementary data sets. These data
could be rendered as a Choropleth map to provide a resource
for advanced data analysis.

According to the feedback collected during the beta test, we
have polished the application further to optimize the user
experience. The enhancements include but are not limited to
adding different color themesto ease the interpretation of data,
enabling direct data and image export through the interface, as
well as providing extra tooltips and messages to smooth the
learning curve. All these updates have been reviewed by the
proposers and well received.

Example Use Cases

A typical NHSNViz use caseisidentification and prioritization
of health carefacilitiesin astate health department’sjurisdiction
for purposes of initiating or intensifying targeted HAI prevention
efforts (Figure 3). First, a user can select a single state and
specify arange of health carefacility clinical performance scores
from the Filters panel, which yields a subsetted list of the
facilities that meet that criteria for targeted prevention. Next,
the user can open the List panel, sort facilities in descending
order by SIR or CAD, and inspect them individually. In addition,
the user may browse the filtered results using the map, probing
the distribution of high incidence or regions of high
concentration.
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Figure 3. Example Use Cases (Synthetic Data).
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An additional use of NHSNViz is reviewing the performance
score distribution of a facility over a specific period. After
choosing afacility viaeither the Map or the List, the user may
configure view options of the Timeline panel to browse SIR
and CAD measures by quarter-year or year. To complement
this comparison, a user can view state- and national-level
performance over the same time units and period. Lastly, to
enrich the context for data analysis, demographic information
on the surrounding area, such as population, income, and nearby
airports, could be rendered on the map as well.

Discussion

NHSNViz achieved its primary goals of making NHSN data
more readily accessible for users, enabling easy data
visualization across an array of user-selected, graphical displays,
and providing ameansfor usersto gain new insights from data
displayed intemporal and geographical forms. In particular, the
application facilitates access to an extensive amount of
high-dimensional data across multiple complex metrics which
can be used for analysis and action at all geographical levels of
public health. In this study, we have explored a large amount
of data sourcesrelated to HAI prevention and selected the most
useful ones. For each data set, we picked the proper visualization
method to exhibit the pattern or highlight the trend, facilitating
user's interpretation of data. In addition, all the facets of the
various data sets have been indexed in a systematic way based
on the geographic and tempora information, which allowsusers
to navigate through different facilities and periods conveniently.
These experiences could serve as a reference for other
visualization applications and systems addressing the same
topic. HAI prevention is a joint effort made by the facilities,
regions, and nation. Visualizing HAIl data expedites data
analyses and benchmarksthe prevention advancement, therefore
drives infectious preventionists toward conquering HAI.

Launched in January 2019, NHSNViz serves as a key resource
for CDC data usersin assessing HAI prevention and aplatform
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for further enhancements and extension of the system’sfeatures
to additional external users. By the end of 2019, the users of
NHSNViz had invoked about 20,000 map tile requestsin total.
The 2-year development and maintenance experience also
established guidelines for future projects. An externa facing
version of the application has been discussed and is in the
planning stages, so the data could be shared with NHSN user
groups with access control. Although adding supplementary
data sets on the fly is not yet supported, additional requests for
application features and data sets are addressed carefully in an
agile way to enable continuous improvement. Currently the
NHSN data sets used by the application are updated on a
quarterly basis. Formal quality assurance process is performed
by acombination of validation script and manual review. During
each data preparation process, the raw data sets are scanned by
aprogram to ensure the completeness and consistency of data.
Whenever the application is popul ated with an updated data set,
the quality assurance team will manually review and test the
rendering of data to guarantee that the new data elements are
properly represented.

Careful evaluation of NHSN's different data types, in terms of
their specific characteristics and their uses for various
surveillance and prevention purposes, was a key consideration
and a vitally important design determinant throughout the
NHSNViz development process. This user-centered approach
governed decisions about which graphical displaysand interface
featureswould help reveal datain the most meaningful way and
optimize the application’s value [12].

A second overarching influence on the application’sdesign was
the goal of enabling NHSNViz to serve asaresource to inspire
knowledge discovery, hypothesis generation, analytic
exploration, and data presentations. The 1-page dashboard
design helps users to view and explore different data sources
simultaneously in an integrated way [13]. Promoting ease of
learning and inspiring user insights were top priorities and are
reflected in theintricately engineered yet easy to operate system
interface.
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Further, we have identified several additional directions for
future enhancements. GIS information resources can activate
accessto meaningful background data, prompt linkages between
the health care facility’s geographic location and contextual
social and economic factors, and support advanced analysis
such as cooccurrence and network [3]. Enriching built-in
geospatial mining functionalities could significantly automate
and reinforce dataanalysis. For example, athematic map, which
is aso known as a heatmap, could be created based on density
and severity of data points. Another example of this direction
isthe analysesrelated to COVID-19. Rendering the distribution
of COVID-19 cases asthe background information may support
the assessment of pandemic influenceson HAI prevention needs
or efforts. Such an artificial layer could expose geographic

Zheng et a

clustering of unexpected instances, which may be adopted to
target problem areas of HAI. Another potential enhancement
for analyticsisto enable outbreak detection, such asthe timely
hotspot analyses for COVID-19. This feature requires near
real-time datafeed, and then spatial—temporal information would
be assessed collectively using diagnostic algorithms[14]. Such
a predictive early warning model may portray threats even
before human’s cognition, which promotes timely information
dissemination for epidemiology surveillance.

In summary, as a ready-to-use application, NHSNViz enables
NHSN data usersto gain accessto awide array of surveillance
data with complex relationships beyond what is typically
available for purposes of analysis, visualization, and reporting.
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In “Global Changes and Factors of Increase in Caloric/Saty This paragraph has been corrected as follows:

Food Intake, Screen Use, and Substance Use During the Early . . . 0
COVID-19 Containment Phase in the General Population in Fmgll_y, regarding cannab_|suse, 620/.11'391 (5.44%)
participants reported using cannabis. Among the,

France: Survey Siudy” (MIR Public Hedlth Survelll 263/620 (39.49%) reported that they had not changed

2020;6(3):€19630), one error was noted.

Inthe originally published article, one paragraph in the Results
sectionincorrectly referred to “alcohol use” instead of “cannabis
use” The full paragraph was published as follows:

their average daily use of cannabis, whereas 162
(24.32%) declared having moderately increased their
cannabis use, 46 (6.91%) increased their cannabis
use in a difficult-to-control manner, 150 (22.52%)

Finally, regarding cannabis use, 620/11,391 (5.44%)
participants reported using cannabis. Among the,
263/620 (39.49%) reported that they had not changed
their average daily use of alcohol, whereas 162
(24.32%) declared having moderately increased their
alcohol use, 46 (6.91%) increased their alcohol use
in a difficult-to-control manner, 150 (22.52%)
reduced or stopped their alcohol use without
craving/withdrawal, and 45 (6.76%) reduced their
alcohol use with craving/withdrawal.

reduced or stopped their cannabis use without
craving/withdrawal, and 45 (6.76%) reduced their
cannabis use with craving/withdrawal .
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Abstract

Background: The COVID-19 pandemic has had enormous impacts on peopl€’s lives, including disruptions to their normal
ways of behaving, working, and interacting with others. Understanding and documenting these experiencesisimportant to inform
the ongoing response to COVID-19 and disaster preparedness efforts.

Objective: Theaim of this study was to examine the psychosocial impacts of COVID-19 on a sample of Australian adults.

Methods: The dataanalyzed were derived from alarger cross-sectional survey of Australian adults that was administered during
the month of May 2020. Participants (N=3483) were asked in which ways COVID-19 had most greatly impacted them; the
responses produced a text data set containing 1 COVID-19 impact story for each participant, totaling 86,642 words. Participants
also completed assessments of their sociodemographic characteristics (sex, age, financial stress), level of concern related to
COVID-19, personality trait profile, and satisfaction with life. Impact storieswere analyzed using sentiment analysis and compared
against the Theoretical Domains Framework to determine the most frequently impacted life domains. Finally, a multinomial
regression analysis, stratified by participant sex, was conducted to identify the associations of psychological and demographic
socializations with sentiment toward COVID-19.

Results: In total, 3483 participants completed the survey, the majority of whom were female (n=2793, 80.2%). Participants
impact stories were most commonly categorized as neutral (1544/3483, 44.3%), followed by negative (1136/3483, 32.6%) and
positive (802/3483, 23.1%). The most frequently impacted life domains included behavioral regulation, environmental context
and resources, social influences, and emotions, suggesting that the COV1D-19 pandemic wasimpacting these areas of participants
lives the most. Finaly, the regression results suggested that for women, lower satisfaction with life and higher financial stress
were associated with increased likelihood of negative, rather than positive, sentiment (P<.001); however, the proportion of
variance in the sentiment that was explained was very small (<5%).

Conclusions:  Participant sentiment toward COVID-19 varied. High rates of neutral and negative sentiment were identified.
Positive sentiment was identified but was not as common. Impacts to different areas of people's lives were identified, with a
major emphasis on behavioral regulation and related domains such as social influences, environmental context and resources,
and emotions. Findings may inform the development of mental health and social support resources and interventions to help
alleviate the psychosocial consequences of disaster response measures.

(JMIR Public Health Surveill 2021;7(7):€29213) doi:10.2196/29213

KEYWORDS

COVID-19; natura language processing; behavioural science; NLP; behavior; impact; Australia; community; sentiment; data
set; machine learning
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Introduction

The COVID-19 pandemic is among the most disruptive and
significant public health crisesin recent human history. At the
time of writing, nearly 3 million people had died from
COVID-19[1], while containment efforts had caused enormous
upheaval to lives and livelihoods worldwide. In countries such
as Australia, where viral spread has been relatively well
controlled, thelargest effects of the pandemic have been related
not to the virusitself and its high mortality and infection rates,
but to the containment measures needed to control outbreaks
and how these measures have affected the community. People’s
lives have changed dramatically, and adapting to the next phase
of the pandemic and postpandemic life will require adjustment
to a“new normal.” This means accepting a change of lifestyle
in which aternative working arrangements, social distancing,
and travel restrictions become the norm [2]. Adapting behavior
can be challenging at the best of times, and in this instance, it
is further complicated by feelings of loss related to letting go
of previous ways of life [3]. The process of grief has been well
documented, including nonlinear stages of disbelief, yearning,
anger, depression, and acceptance [4]; however, more needsto
be understood about the process and implications of the
psychosocial impacts of COVID-19.

The virus that causes COVID-19, SARS-CoV-2, was first
detected in Australia in January 2020. The Australian
government’s approach to the mitigation of disease spread was
strict and proactive, including significant restrictions on travel
and public gatherings, quarantine protocols, and social
distancing measures[5]. At the core of Australia’s public health
response was a national shutdown that occurred during the
months of March, April, and May 2020. This shutdown had the
objectives of (1) delaying the impending epidemic to allow for
resource planning to occur and (2) “flattening the curve” to
reduce case numbersin Australiaby minimizing the opportunity
for disease transmission [5]. Shutdown measures consisted of
a broad suite of restrictions, including the closure of gyms,
pools, cinemas, and other health and entertainment facilities, a
change to remote learning for universities and other higher
education venues, restrictions on freedom to leave the house
for nonessential reasons, restrictions on visitation to residential
aged carefacilities and hospitals, hygiene and social distancing
measures, and the cancellation of events such as Australian and
New Zealand Army Corp Day celebrations, arts, and sporting
events[6].

The Australian government’s response to the pandemic was
particularly strong compared to that of governments of other
countries[7], and containment measures were enforced by law.
In Western Australia, where the conditions are most stringent,
individual s can face fines of up to Aus $50,000 (approximately
US $38,000) or 12 months of imprisonment for breaching
COVID mitigation rules. In other states, fines of between Aus
$200 and $4000 (approximately US $152 and $3052) were
issued [8]. Economic stimulus was provided to balance the
effects of the containment measures. Stimulus efforts included
the JobSeeker and JobKeeper programs, which effectively
doubled income support payments and supplemented employees
wages for businesses that were affected [9]. An additional Aus
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$1.1 hillion (approximately US $841,313,000) was spent
expanding mental health and telehealth services, increasing
domestic violence services, and increasing food relief services

9.

Multicountry analyses suggest that Australia’s strict and
proactive COVID-19 containment measures contributed to the
delay and prevention of large infection outbreaks and to overall
optimal outcomes [7]. However, they also imposed substantial
limitations on Australians' personal freedoms, livelihoods, and
ability to maintain social connectivity. International travel
effectively ceased due to the pandemic, with the number of
citizenstravelling outside of Australia plummeting to just 5050
individuals in May 2020, a >99% drop from the 798,700
departures recorded in May 2019 [10]. Similarly, domestic
travel dropped from around 5 million tripsin May 2019 to about
200,000 in May 2020 [11]. The shutdown also transformed
ways of working, with only workers who were providing
essential services (eg, emergency services, utilities), food and
groceries, and health care permitted to travel to work. Australian
research has documented significant declinesin mental health,
psychological distress, and contagion anxiety during the
pandemic [12]; negative shiftsin behavioral indicators of health,
including physical activity, diet, sleep, alcohol consumption,
and tobacco smoking [13]; and increases in food insecurity,
with the strongest impacts felt by Australians with disabilities,
thoseinrural areas, and others who face economic disadvantage
or vulnerability [14,15]. COVID-19 is therefore a social crisis
in addition to apublic health crisis, and agreater understanding
of the nature and extent of itsimpactsis needed [16].

Natural language processing offersapromising strategy to help
understand the nature and impacts of complex health problems.
Natural language processing uses intelligent computer
algorithms to detect patterns and themes in unstructured data
sets commonly containing text data [17]. A key advantage of
this approach is the ability to automatically monitor or rapidly
analyze unstructured data to identify and comprehend
unanticipated or unforeseen health- and medical-related needs
in the community (sometimes called infoveillance), monitor
community sentiment toward health, and identify key
geopolitical and psychosocial drivers for heath-related
behaviors [18]. Natural language processing can aid
understanding of disease transmission and epidemic and
pandemic trajectories by shedding light on community attitudes,
behaviors, and experiences related to specific diseases. In
particular, a substantial body of research has used sentiment
analysis, which seeks to detect positive, negative, and neutral
sentiments within text data, to understand aspects of the
COVID-19 pandemic and in the context of other infectious
diseases [19]. Broadly speaking, the aim of sentiment analysis
is to classify words, sentences, or other units of text data
according to the positive or negative polarity of that text [20].
These sentiment scores can then be interpreted in terms of the
extent to which participant sentiment isfavorable toward afocal
issue, which can then inform more relevant and appealing
messaging or identify intervention needs.

Natural language processing has a key advantage of being able
to process large qualitative data sets rapidly and with greater
objectivity than manual analysis. For example, it can help to
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identify community emotions toward different COVID-19
containment  measures,  identify = geographical  or
sociodemographic correlates of vaccine hesitancy, and even
detect outbreaks based on rapid analysis of social media data.
In one example, researchers used machine learning to collect
and analyze 86 million tweets published on the web-based social
media platform Twitter in the United Statesto understand public
sentiment toward COVID-19 and how it changed as the
pandemic continued [21]. The results indicated an increasing
volume of tweets over time and overall negative sentiment on
the Twitter platform throughout the year.

Less explored is the potential application of natural language
processing and sentiment analysis of research datathat include
populations representing a variety of community groups and
that can be linked with demographic or other characteristics to
better inform data-driven public health decision-making. Few
studies have used this approach with purpose-collected research
data sets and with research samples other than Twitter users
[19]. Further effortsthat use robust natural |anguage processing
techniques to identify and document both the expected (eg,
shifts in health and travel behaviors, income streams) and
unexpected impacts of containment measures are needed, as
observational inferencesare critical to optimizing public health
response during the COVID-19 pandemic and in preparation
for future public health and natural disasters. The purpose of
this study isto use natural language processing to examine the
breadth and nature of the impacts of the national shutdown on
Augtraliansduring May 2020. More specificaly, the study aimed
to assess community sentiment toward the impacts of
COVID-19, explore the nature of the impacts of COVID-19
and which life domains are most commonly affected, and
identify psychological (personality traits, COVID-19—related
concerns, and satisfaction with life) and sociodemographic
characteristics (sex, age, and financial stress) that predict
sentiment toward the impacts of the COVID-19 pandemic.

Methods

Thedataanalyzed in this study were collected as part of alarger
cross-sectional survey of Australian adults that was conducted
inthe month of May 2020. Full details of the study methodol ogy
and primary findings have been published elsawhere [22]. The
study received ethics approval from the Commonwealth
Scientific and Industrial Research Organi zation Human Research
Ethics L ow-Risk Committee (LR2020/026), and all participants
provided informed consent prior to completing the survey.

Procedure

Convenience sampling methods were used in which aweb-based
survey wasdistributed to an email list of participantsin ahealth
and well-being program who had consented to being contacted
about future studies or other tools relating to health and diet. In
general, the list of contacts contained a higher proportion of
women, and the memberswere dightly older and more educated
in comparison with the general Australian population. Each
member on thislist was sent an email that included an invitation
to participate and alink to the web-based survey and informed
consent process.
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Materials

The web-based survey assessed the participants
sociodemographic characteristics (sex and age), COVID-19
impacts, personality traits, and subjective well-being. COVID-19
impact stories, which formed the basisfor the machinelearning
analysis, were collected via a single open-ended survey item.
This item asked participants to finish the following sentence:
“The COVID-19 outbreak has most greatly impacted...”

Participants psychosocia and demographic characteristicswere
also captured via self-report survey items. COVID-19—related
financial stress was captured by a single item that asked
participants to consider any financial stress they might have
experienced during the COVD-19 pandemic and rate the extent
to which they were unsure how they would pay upcoming bills
on time. Responseswere recorded on a 7-point Likert-typescale
and ranged from 1, strongly disagree, to 7, strongly agree. The
14-item COVID-19 Concerns Scale was included to assess the
participants' concerns related to COVID-19. This scale asks
respondents to indicate the extent to which they are concerned
about different aspects of the pandemic, such as becoming
infected with COVID-19, losing ajob, or isolation from friends
and family members[23]. Responses are recorded on a 4-point
scale ranging from 1, to a great extent, to 4, not at al, with “I
don't know” also included as an option. The participants
personality traits were captured by the validated Big Five
Inventory-2-S [24], which assesses the “big five” personality
traits: openness to experience, conscientiousness, extraversion,
agreeableness, and neuroticism. Thisscale consistsof 30items,
with responses captured on a 5-point Likert scale ranging from
1, strongly disagree, to 5, strongly agree. Finadly, life satisfaction
was assessed by the Satisfaction With Life Scale [25], which
consists of 5 items that are measured on a 7-point Likert scale
ranging from 1, strongly disagree, to 7, strongly agree. Thescale
isavalidated measure that captures global life satisfaction and
has adequate psychometric properties[25].

Data Analysis

The survey was attempted by 4313 individuals; of these, 3483
answered the COVID-19 impact open-ended question (80.3%
completion rate) required for the current study. Qualitative data
were analyzed to detect sentiment and key themes using
advanced natural language processing tools. We used the
Stanford CoreNL P sentiment annotator [26], amachinelearning
model that usesrecursive neural networksto perform sentiment
analysis and classify input text on a 5-point scale of very
negative, negative, neutral, positive, and very positive (higher
scores indicate more positive sentiment). In addition, we
analyzed data using the Valence Aware Dictionary and
Sentiment Reasoner (VADER), a lexicon and rule-based
sentiment analysistool that produces a unidimensional measure
of sentiment for a given sentence that reflects a summed score
for each word in that text [27]. VADER and Stanford CoreNLP
rely on distinct mechanisms that enable each tool to provide a
different perspective on the data, with a core difference being
that Stanford CoreNL P uses discrete but more detail ed sentiment
categories (5 sentiment levels) and VADER uses continuous
numerical sentiment score values (continuous values that are
more suitable to plotting) [28]. VADER produces summed
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sentiment scoresthat are normalized between—1 (most extreme
negative) and +1 (most extreme positive). We used VADER
sentiment scores to produce a plot depicting the distribution of
sentiment and Stanford CoreNL P scoresin subsequent analysis
asaway to categorize the participants impact scoresfrom very
positive to very negative. The sentiment analysis results were
manually inspected, and overall, the classifications appeared to
be consistent with our expectations (see Multimedia Appendix
1).

Following text preprocessing, we automatically extracted the
most frequent termsto identify themesin the data set, consistent
with previous research [20]. The most frequently occurring
words impacted the themes used in further analysis, as content
themes and were manualy classified according to the
Theoretica Domains Framework [29]. Thismodel acknowledges
14 lifedomainsthat are relevant to understanding and changing
human behavior: knowledge, skills, social/professional role and
identity, beliefs about capabilities, optimism, beliefs about
consequences, reinforcement, intentions, goas, memory,
attention and decision processes, environmental context and
resources, social influences, emotions, and behavioral regulation.
The Theoretical Domains Framework comprises established
standardized terminology and organizing constructs for usein
exploration, prediction, and intervention of human behavior.
This framework is of particular value as a comprehensive
framework that allows for the contextualization of different
personal, interpersonal, and environmental influences on
behavior and mood. COVID-19 impacts are therefore presented
as frequencies with quotes provided as examples.

To test associations between participant characteristics and
sentiment scores, an ordinal regression procedure was
commenced. However, during the process, it became evident
that our data did not meet the assumption of proportional odds.
Therefore, multinomial logistic regression was undertaken to
examine whether age, financial stress, life satisfaction, and
personality traits (openness to experience, conscientiousness,
extraversion, agreeableness, and neuroticism) were predictive
of sentiment score. Analyseswere stratified by gender. Because
the very positive and very negative cells comprised fewer than
25 cases each, we merged them with the positive and negative
cells, respectively, to arrive at 3 categories of the dependent
variable: positive, neutral, and negative sentiment. The data
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were first examined to check that they met the model
assumptions of an absence of multicollinearity based on variance
inflation factors and tolerance, linearity to thelogit, and absence
of outliers [30,31]. These assumptions were met, and the
multinomial regression could be conducted.

Variables were selected for inclusion in the model based on
theoretical background knowledge [32]. There is a large body
of research that demonstrates significant associations between
individual differences in factors such as sociodemographic
characteristics, personality trait profiles, and subjective
well-being with psychosocial well-being outcomes [33].
Furthermore, insights into these associations have potential
health communication applications, as they can inform the
development of tailored public health interventions or identify
in-need target audience segmentswithin larger popul ations [34].
Asthiswas an exploratory analysiswith aprimary aim to deduce
novel insights from the data rather than to test a prespecified
hypothesis, we included all variables of interest in the final
regression model to determine each variable's strength of
association relative to the other variablesincluded in the model.
Continuous and ordinal variables of age, openness,
conscientiousness, extraversion, agreeableness, neuroticism,
satisfaction with life, and financial stress were entered as
covariates [30]. Positive sentiment scores were set as the
reference category such that the resultsreflect the likelihood of
obtaining a neutral or negative sentiment score in comparison
with a positive score. Statistical significance was deemed to be
reached when a<.05, and standardized beta weights with 95%
confidence intervals have been reported.

Results

The majority of the participants were female (see Table 1). The
participants mean age was 57.1 years (SD 12.2), and
participants reported an average COVID-19—related financial
stress score of 1.9 (SD 1.5) out of 7, with lower scores equating
to lessfinancial distress.

The qualitative data set contained 3483 COVID-19 impact
stories, comprising atotal of 86,642 words. The average length
of the impact stories was 25 words; however, men provided
shorter stories on average (mean 18.4, SD 24.8) compared to
women (mean 26.4, SD 27.3).
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Table 1. Participant characteristics among asample of Australian adultsin across-sectional study investigating the psychosocial impacts of COVID-19
in May 2020 (N=3483). For al variables, a higher score indicates a higher level of that variable.

Characteristic Value, mean (SD)

Male participants (n=417)

Female participants (n=2793) Overall sample (N=3483)

Age 61.8 (12.4)
Sentiment? 2.9(0.7)
Financial stress 1.9 (15)
Satisfaction with life 44(14)
COVID-19-related concerns® 2.5(0.5)
Openness to experience® 35(0.6)
Conscientiousness® 3.7(0.7)
Extraversion® 31(07)
Agreeableness® 3.7(0.6)
Neuroticism? 2.5(0.8)

56.2 (12.0) 57.1(12.2)
2.9(0.8) 2.9(0.8)
1.9 (1.5) 1.9 (15)
4.1(15) 42(15)
2.6 (0.5) 2.6 (0.5)
36(0.7) 3.6 (0.7)
3.8(0.7) 3.8(0.7)
30(0.7) 31(0.7)
4.0(06) 4.0(0.6)
2.7 (0.9) 2.7(0.9)

8Scores range from 1 to 5.
bScores rangefrom1to 7.
CScores range from 1to 4.

Sentiment Toward COVID-19 I mpacts

The average Stanford CoreNLP sentiment score fell into the
neutral category (mean 2.91, SD 0.76). Neutral classifications
were most common, representing 44.3% of impact stories
(n=1544/3483). Therewas also arelatively balanced prevalence
of negative (n=1136/3483, 32.6%) and positive (n=802/3483,
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RenderX

23.1%) sentiment scores. Approximately 1% (n=38/3483) of
all COVID-19 impact stories were categorized at the extreme
ends of the sentiment distribution (very negative or very
positive). The distribution of the VADER sentiment scores is
depicted in Figure 1. Representative quotes from the data that
exemplify each of the sentiment score categories are provided
in Multimedia Appendix 1.

JMIR Public Health Surveill 2021 | val. 7 |iss. 7| €29213 | p.109
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Ryanet a

Figure 1. Distribution of standardized Vaence Aware Dictionary and Sentiment Reasoner (VADER) sentiment scores in COVID-19 impact stories

reported by a sample of Australian adults during May 2020.
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Sentiment Score

Nature of COVID-19 I mpacts Across Different Life

Domains Based on Word Frequency Analysis

2. The impacts were most commonly located within the four
life domains of behavioral regulation, environmental context
and resources, emotion, and social influences.

The numbers and proportions of most frequently appearing
words and their respective life domains are displayed in Table

Table 2. Categorization of most frequently appearing words by theoretical life domain among impact stories from Australian adultsin a cross-sectional
study investigating the psychosocial impacts of COVID-19 in May 2020 (N=3483). Note: the theoretical life domains of skills, optimism, reinforcement,
intentions, goals, and memory, attention, and decision processes were not identified in this data set.

Theoretical life domain

Top 50 words categorized into each domain, n (%)

Behavioral regulation

Environmental context and resources
Social influences

Emotion

Social/professional role and identity
Beliefs about consequences
Knowledge

Beliefs about capabilities

16 (32)
13 (26)
6(12)
6(12)
4(8)
3(6)
12
1(2)
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Behavioral Regulation

Impacts occurred primarily in the life domain of behaviora
regulation, which considers ability and changes in ability to
perform different behaviors (see Table 2), including health
behaviors (eg, physical activity, eating vegetables), social
behaviors (eg, spending time with friends and family), and risk
behaviors (eg, drinking alcohol). Key themes within this
category related to how the COVID-19 pandemic influenced
participants’ abilitiesto fulfil their normal routines, with afocus
on health and social behaviors, visiting others and travel, and
use-of-time impacts. The closure of gyms and other health
facilities was a particularly prevalent theme impacting
participants' ability to maintain physica and social health
behaviors. This impact was compounded among respondents
who reported special needs for supervised exercise, pools, or
other equipment that was not easily substitutable with virtual
or home-based exercise, including older adults and people with
disabilities, injuries, and postoperative rehabilitation needs.
More generally, the health and fitness impacts of gym closures
were closely intertwined with loss of social opportunities and
isolation. Restrictions on travel was also a key theme within
this life domain; it was related to the ability to travel for work
and to visit and support friends and family. Positive impacts
related to increased flexibility for employees, such as ability to
work from home and reduced time commuting. Example quotes
from the data are provided below.

We have been unable to continue activities that are
important to our health and fitness because of the
closure of heated pools, massage clinics and other
facilities for exercise suitable for aged persons with
joint disabilities. [Female, 72 yearsold, 3/5 (neutral)
sentiment score]

It's massively affected my relationship with food. The
relationship was already bad, but social isolation and
gyms closing were just the LAST thing | needed. it
couldn't have come at aworsetime. [Female, 21 years
old, 2/5 (negative) sentiment score]

The COVID-19 outbreak has meant | am now working
from home, which has been incredible for my mental
health and wellbeing. | normally commute 2 hours
per day, 3 times a week, and this was really taxing
on me physically and emotionally. Working from home
is so much more peaceful and stress-free. | am also
the kind of person who benefits from working solo,
so not being in the office environment has also been
really positive for me. | was unable to get this
opportunity before COVID-19, and only had 2 days
a week approved to work closer to home. | now feel
more confident to ask my employer for more days
working from home. [Female, 34 years old, 4/5
(positive) sentiment score]

Environmental Context and Resources

The environmental context and resourceslife domain considers
external factors that facilitate or inhibit the development and
expression of abilities, independence, social competence, and
adaptive behavior. Common impacts falling under this theme
are related to changes in the home environment, lost
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opportunities to have contact with or care for loved ones and
friends, and difficulties acquiring groceries. The shutdown
restrictions served as a major source of psychological distress
and boredom for participants, particularly in relation to alack
of variation in environment, with work, socializing, and
education of children now occurring primarily within the home
location. Environmental constraints were also linked to
behavioral outcomes (eg, changesin ability to eat healthily and
exercise) aswell asemotional outcomes such as stress, boredom,
and anxiety. Some positive impacts were also noted as a result
of fewer social obligations and reduced face-to-face contact.

Mental health has been an issue as| feel we at home
are just getting through the weekly routine of trying
to get some work done while helping our son to home
school and then planning the next grocery shop. No
real fun aswelivein a dull routine. [Male, 43 years
old, 2/5 (negative) sentiment score]

My husband has dementia and isin a Nursing Home
which isin total lockdown and | have not been able
to have any contact with him since March 20th. | am
devastated by this. Prior to lockdown | visited him
daily. He continues to ask for me each morning and
has no understanding asto why | no longer visit him.
[Female, 77 yearsold, 2/5 (negative) sentiment score]

| enjoy people social distancing from me when | am
out and like that shops are clean. | prefer catching
up with people onlinerather thanin person. [Female,
41 yearsold, 4/5 (positive) sentiment score]

Emotion

The third most commonly impacted life domain was emation,
which relates to individuals cognitive and psychological
reactions and ways of coping with events and circumstances.
Salient themeswithin thisdomain included stress, mental hedlth,
and anxiety, with the descriptors of “loss’ and “hard” featuring
prominently. Positive impacts included increased feelings of
neighborhood cohesion and reductionsin stressrelated to shorter
commutes and greater hygiene and social distancing. Positive
impacts tended to relate to reduced life “busyness’ and amore
relaxed pace.

My aunty past [sic] away. She was 84 and in a
nursing home. Even though we (and the nursing
home) knew she would pass away soon we were not
allowed to visit in the last 2 weeks as the nursing
home was in lock down. The funeral was limited to
10 people and we had to social distance. It was not
the way we wanted to celebrate her life. | have had
a 20% pay cut which is nothing compared to the
sadness | feel with regard to not being able to see my
aunty and say goodbye. [Female, 47 years old, 2/5
(negative) sentiment score]

It has greatly reduced thetraffic in my street. So many
more neighboursare out and about, riding their bikes,
walking with family, working in their gardens, with
time to stop and chat (properly socially distanced of
course). We all make way for others on the footpaths,
and say hello or wave as we pass. | feel we have a
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more cohesive community spirit in our
neighbourhood. [Female, 68 years old, 4/5 (positive)
sentiment score]

Cancelled holidays. Limited socialisation with friends.
Worry about maintaining health and well-being (i.e.
not getting infected with Covid-19). [Male, 60 years
old, 2/5 (negative) sentiment score]

Life has been less hectic and more relaxed. | have
enjoyed not having any outside of my house
responsibilities. [Female, 61 years old, 3/5 (neutral)
sentiment score]

Social I nfluences

The fourth life domain that was commonly impacted for the
participants was socia influences, referring to how people’'s
relationships with others affect their own thoughts, feelings,
and behaviors. Themes within this category primarily related
to friends and family members, particularly children.

Life is unrecognisable. Husband stood down from
Qantas, children bored and under stimulated by home
schooling, children's sport was a big part of all our
lives. Depressed. [Female, 47 years old, sentiment
score 2/5 (negative)]

The pandemic had had more effect on my children
and husband than me. My five year old has started
experiencing anxiety in the night and sometimes
cannot sleep. My other child has also become much
more emotional. [Female, 42 yearsold, 2/5 (negative)
sentiment score]

https://publichealth.jmir.org/2021/7/e29213
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With children aged 4 & 2, | have enjoyed being home
with them. No pressure for play dates, outings etc.
[Female, 37 yearsold, 4/5 (positive) sentiment score]

Psychosocial and Demographic Characteristics That
Predict Sentiment Toward COVID-19

Associations between participant characteristicsand COVID-19
sentiment were analyzed using regression models (stratified by
sex). Model 1, which tested the association between female
participants’ characteristics and sentiment scores, was

statistically significant (x%5=75.8, P<.001) (see Table 3). The

model explained 3.2% (Nagelkerke R?) of the variance in
sentiment (very small effect size). Of the variablesincluded in
the model, satisfaction with life, openness to experience, and
financial stress were statisticaly significant predictors of
sentiment. More specifically, for each 1-unit increase in
satisfaction with life, there was adecrease in the odds of having
anegative sentiment score rather than a positive sentiment score.
Furthermore, for each 1-unit increase in opennessto experience,
the risk of reporting a negative relative to a positive sentiment
score decreased by a factor of 0.832. Finaly, for each 1-unit
increase in financial stress, the odds of having a neutral rather
than positive sentiment score increased by 1.128, and the odds
of have anegative rather than positive sentiment scoreincreased
by 1.194.

Model 2, evaluating the association between participant
characteristics and sentiment scoresfor men, wasnot statistically

significant (x,5=19.5, P=.36).
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Table 3. Multinomial logistic regression identifying significant associations with COVI1D-19 sentiment among a sample of Australian adults reported

in May 2020.

Positive senti- Neutral sentiment

ment, mean (SD)

Characteristic

Negative sentiment

Mean (SD) B 95% ClI 95% Cl Mean B 95% ClI 95% Cl
(lower) (upper) (SD) (lower) (upper)
Model 1 (female participants)

Age 56.8 (11.7) 56.1(12.2) 0.998  0.990 1.007 560 0.998  0.989 1.007
(1L.9)

Financial stress 1.65(1.2) 19(15)  qqpga 1.039 1.224 21 1194 1100 1.297
(1.6)

Satisfaction with life 32(11) 3.0(1.0) 0.923 0.832 1.024 29 0.832 0.747 0.927
(1.1)

COVID-19-related concerns 2.6 (0.5) 26(05 0931 0.753 1.152 2.6 1.019 0815 1.274
(0.5)

Openness to experience 3.6(0.7) 35(0.7) 0.823 0.710 0.953 37 1.039 0.889 1.213
0.7)

Conscientiousness 3.9(0.7) 3.8(0.7) 0.977 0.838 1.139 38 0939  0.800 1.103
0.7)

Extraversion 3.1(0.7) 3.0(0.7) 0915 0.791 1.059 3.0 0902 0.774 1.051
(0.8)

Agreeableness 4.0 (0.6) 40(06) 0981  0.824 1.168 40 1101 0915 1.324
(0.6)

Neuroticism 2.6(0.9) 2.7(0.9) 0.982 0.856 1127 2.7 0991  0.858 1.145
(0.9)

Model 2 (male participants)

Age 61.8 (14.5) 63.1(11.0) 1.007 0.983 1.032 59.6 0.985 0.960 1.011
(13.2)

Financial stress 1.8(1.4) 1.8(15) 1.015 0.821 1254 21 1.044 0.832 1311
(1.6)

Satisfaction with life 3.2(1.0) 3.2(1.0 0.933 0.677 1.287 3.0 0.760 0.533 1.084
(€

COVID-19—+eated concerns 2.6 (0.5) 25(0.5) 0.680 0.388 1.189 2.6 0.975 0.518 1.833
(05)

Openness to experience 3.4(0.6) 35(06) 1244 0781 1.983 34 1141 0674 1.932
(0.6)

Conscientiousness 3.7(0.7) 3.7(0.7) 0.915 0.572 1461 3.6 0.852 0.504 1441
(0.7)

Extraversion 3.0(0.8) 3.1(0.7) 1.281 0.825 1.988 31 1.072 0.653 1.757
(0.6)

Agreeableness 3.6(0.7) 3.7(0.6) 1.227 0.755 1.993 38 1.387 0.803 2.396
(0.6)

Neuroticism 25(0.8) 2.4(0.8) 1.055 0.678 1641 25 0.825 0.505 1.346
(0.9)

3 talic text indicates a statistically significant variable.

Discussion

Principal Findings

This study sought to examine the psychosocial impact of
COVID-19 on asample of Australian adults. Natural language
processing was applied to COVID-19 impact storiesfrom more
than 3000 Australian adults during the height of a national
shutdown that was a core tenet of Australia's COVID-19
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containment strategy. The majority of participants impact
stories (76.9%) were classified as having either neutral or
negative sentiment. More than 70% of the main impacts detected
through word frequency analysis fell into the life domains of
behavioral regulation, environmental context and resources,
and sociad influences. Statistically significant  but
small-magnitude associations of negative sentiment scores
relativeto positive scoreswith greater financial stressand lower
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satisfaction with life were identified for female, but not male,
participants.

Knowledge of community sentiment during public health events
can inform better health outcomes by providing insights into
the psychosocial and environmental drivers of human behavior
and in detecting unanticipated events or trends within the
community [35]. Similar to previous research [36-38], our
findings suggest an overall trend toward neutral and negative
sentiment toward COV1D-19. Neutral sentiment tendstoindicate
lower levels of concern about COVID-19 or minimal
experiences of personal impact. It can aso be the case that
negative impacts are balanced out by positive onesto arrive at
a net neutral result, which is common during the course of
disruptive events [36]. This principle of sentiment balance was
reflected in the data, whereby many participants reported that
some aspects of their lives, such as homeschooling children,
had become more stressful but that other life pressures, such as
work commutes and social obligations or overall life busyness,
had eased.

Approximately one-third of the impact stories were classified
as reflecting negative sentiment. Among female participants,
negative sentiment was associated with financial stress and
subjective well-being. This finding is consistent with previous
research, particularly evidence that COVID-19 isan independent
source of psychological distress among Australian adults [12]
and demonstration of the association between economic
indicators (eg, financial distress, unemployment) and negative
psychological outcomes, including increased prevalence of
psychological disorders and suicide rates [39]. These findings
bolster previous calls to increase mental health support,
including evidence-based prevention programs, during national
disasters [39]. Our findings suggest that initiatives are
particularly needed that target individualswho are experiencing
financia stress (eg, who have lost their job or are seeking
income support) as atargetabl e correlate of negative sentiment
and, potentially, mental health. However, it should be noted
that the magnitude of these associations was small, which
suggests that another confounder that was not measured may
be influencing sentiment levels.

A further 23% of participants expressed a positive sentiment
toward COVID-19. Local factorssuch asrelatively low numbers
of casesin Australia as well as the composition of the current
research sample are potential explanations. From a global
perspective, Australia's COVID-19 response bore similarities
with that of Thailand, South Korea, and Japan, including early
and widespread intervention and very low rates of infection
(<1000 cases per million) during 2020 [7]. This differs from
countriesin which responses were more anticipatory or reactive
and that experienced high rates of infection (>4500 cases per
million) as well as worse mortality outcomes during a similar
time period [7]. It islikely that the proactiveness of Australia’s
response, combined with a general tendency of Australians to
trust health and science authorities [40], contributed to higher
confidence and optimism for Australia’ srecovery and therefore
to the prevalence of neutral and positive sentiment.
Epidemiological outcomes related to infection or mortality did
not emerge as significant themes in the current data set,
providing further indication that the main impacts were tied to
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the consequences of containment measuresrather than the virus
itself.

In terms of the nature of COVID-19 impacts, the life domain
that was by far the most affected was behavioral regulation.
Behavioral regulationisacritical psychological determinant of
positive adaptation to change [39,41,42]; however, during the
COVI1D-19 pandemic, these abilitiesareinhibited. Gym closures
and the subsequent lost opportunities to exercise and socialize
was a salient example in this data set, particularly for older
respondents or those with injury or disability who require
specialized equipment (eg, pools) or supervision. Similarly, our
data suggest profound social and emotional implications
associated with restrictions on movement within and between
communities. For example, many individuals were restricted
from providing their usual informal support and careto members
of their social and familial networks. In some cases, the content
of the COVID-19 impact stories reflects experiences of highly
emotional and potentially traumatic individual experiencesthat
reflect isolation, boredom, and frustration with the situation.
Some pertinent examplesincluded individualswho were unable
to visit patients with dementia, individuals unable to support
loved oneswho were dying, and ongoing worry about the safety,
security, and health of others.

Public health measures designed to counteract limitations on
behavioral regulation during health crisesare key to minimizing
the psychosocial burdens of disaster response strategies. Across
the board, COVID-19 has accelerated the digitization of
services, with examples including the transition toward
mixed-modality health care provision including telehealth
appointments and other forms of remote communication and
care and the growth of virtual gyms and coaching. These shifts
have not only served as integral measures to cope with the
COVID-19 pandemic but also increased access to services for
all inthe Australian community [43]. However, thedigital divide
should also be acknowledged, and face-to-face and assisted
services should be maintained for those with limited access or
capacity to use web-based services [44,45]. Evidence suggests
that multisystem-level support programs are effective, including
interventions targeted at individuals in the community, health
care providers, and indirect interventionsthat address predictors
of mental health programs [39].

Looking to the future, public sentiment toward the impact of
COVID-19 will continue to play an important role in how we
adapt to changing conditions and new public health measures,
including, for example, the rollout of vaccines, localized
self-isolation orders and outbreak containment measures, and
digital contact tracing. The value of natural language processing
is well known; however, the sources of data used in these
applications have traditionally been limited to existing data
sources, particularly social media (eg, Twitter tweets) and
electronic health record data. Our findings highlight the
feasibility and value of natural language processing with
purpose-collected research data to answer unique research
guestions. Future studies are al so needed that apply and compare
different natural language processing techniques with research
data. Topic modeling isone examplethat identifies|atent topics
based on the clustering of similar termswithin adataset. These
more advanced techniques, which take into account not only
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word frequency but also indications of proximity and other
latent semantic patterns, may help to provide richer insights
into the texts at hand.

Strengths and Limitations

Thisisthefirst study to our knowledge to apply natural language
processing to understand the psychosocia impacts of Australians
during the COVID-19 pandemic using linked research data.
Where possible, we used validated outcome measurement and
analytical tools, including the robust Stanford CoreNL P analysis
tool [26], to strengthen findings and allow comparisons with
other studies. Limitations of the study included that the sample
was biased toward women and relied upon sel f-report measures,
which can be subject to social desirability bias. However, this
can also be viewed as an advantage because the vast majority
of natural language processing research draws upon social media
data, such as tweets (from Twitter), as this is a common
application of natural language processing. The demography of
Twitter (and other social media platforms) is also biased and
tends to overrepresent demographics such as urban residents,
men, and people with specific interests in sports and politics
[46,47]. Our sample, in comparison, islargely characterized by
older women, who are not well represented in these platforms;
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this enabled us to capture a different angle on the same topic.
Still, findings may have limited generalizability outside of this
sample, and they therefore provide asnapshot of the experiences,
and their potential implications, of one moderately sized sample
of Australian adults. In future, it would be pertinent to repeat
this process with different population segmentsto build amore
complete picture of the psychosocial impacts of COVID-19.

Conclusions

Our study identified alarge prevalence of negative and neutral
sentiment toward COVID-19 among a sample of Australian
adults. The most common impacts of COVID-19 were in the
life domains of behavioral regulation, environmental contexts
and resources, socia influences, and emotions. Our findings
shed somelight on the profound disruptionsthat the COVID-19
pandemic has created and continues to create in people’'s
routines and relationships, aswell as some of the potential social
and emotional consequences of these disruptions. Sentiment
analysis as adeductive way to understand people’s experiences
isof critical importance during significant public health events.
Ongoing analysis of community sentiment is needed to inform
optimum disaster response and preparedness measures.

Multimedia Appendix 1
Example quotations from COVID-19 impact stories.
[DOCX File, 14 KB - publichealth v7i7e29213 appl.docx |
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Abstract

Background: The national severe acute respiratory illness (SARI) surveillance system in Yemen was established in 2010 to
monitor SARI occurrence in humans and provide afoundation for detecting SARI outbreaks.

Objective: To ensurethat the objectives of national surveillance are being met, this study aimed to examinethelevel of usefulness
and the performance of the SARI surveillance systemin Yemen.

Methods: The updated Centers for Disease Control and Prevention guidelines were used for the purposes of our evaluation.
Related documents and reports were reviewed. Data were collected from 4 central-level managers and stakeholders and from 10
focal points at 4 sentinel sites by using a semistructured questionnaire. For each attribute, percent scores were calculated and
ranked as follows: very poor (<£20%), poor (20%-40%), average (40%-60%), good (60%-80%), and excellent (>80%).

Results. Asrated by the evaluators, the SARI surveillance system achieved its objectives. The system’s flexibility (percent
score: 86%) and acceptability (percent score: 82%) were rated as “excellent,” and simplicity (percent score: 74%) and stability
(percent score: 75%) were rated as “good.” The percent score for timeliness was 23% in 2018, which indicated poor timeliness.
The overal data quality percent score of the SARI system was 98.5%. Despite its many strengths, the SARI system has some
weaknesses. For example, it depends on irregular external financial support.

Conclusions: The SARI surveillance system was useful in estimating morbidity and mortality, monitoring the trends of the
disease, and promoting research for informing prevention and control measures. The overall performance of the SARI surveillance
system was good. We recommend expanding the system by promoting private health facilities (eg, private hospitals and private
health centers) engagement in SARI surveillance, establishing an electronic database at central and peripheral sites, and providing
the National Central Public Health Laboratory with the reagents needed for disease confirmation.

(JMIR Public Health Surveill 2021;7(7):€27621) doi:10.2196/27621

KEYWORDS
evaluation; surveillance; Centers for Disease Control and Prevention guidelines; severe acute respiratory illness; Yemen

theglobal burden of acutelower respiratory infection, especially
in children and older adults, is attributable to influenza and

Worldwide, acute lower respiratory infection is the second Tespiratory syncytial viruses.
commonest cause of morbidity and the-.thi.rq commonest cause  The World Heath Organization (WHO) estimated that
of mortality in all age groups [1]. A significant proportion of  worldwide annual influenzaepidemicsresult in about 3 million
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to 5 million cases of severeillness and about 250,000 to 500,000
deaths. In early 2019, the Global Burden of Disease study
estimated that 99,000 to 200,000 annual deaths resulting from
lower respiratory tract infections are directly attributable to
influenza[1,2].

Estimates arerare in many countries, including countriesin the
Eastern Mediterranean Region. The influenza A (H1N1)
pandemic highlighted the necessity of reliable estimatesfor the
disease burden of severe acute respiratory illness (SARI) and
influenza-associated SARI (F-SARI) inal countriesand regions
of theworld [3].

Many countries have established sentinel sites for influenza
epidemiological surveillance. The data captured from sentinel
sites have been used by WHO member statesto estimate disease
burden at the national level and to compare data between
countries.

Due to the fact that many emerging and reemerging diseases
classified under the International Health Regulations are of an
acute respiratory nature (eg, SARS [severe acute respiratory
syndrome], MERS-CoV [Middle East respiratory syndrome
coronavirug], and novel influenza pathogens such asH5N1 and
H7N7), it is necessary to strengthen surveillance systems for
acute respiratory infections and influenzain all WHO member
states. This will enable countries to produce more accurate
estimations of SARI and F-SARI burden [1,2].

Based on the Worldometer elaboration of the latest United
Nations data in 2020, the current population size of Yemen is
29,771,764 [4]. Yemen has 4 seasons, but it is likely that the
influenza virus is being circulated throughout the year. Thus,
there is a great probability that different patterns of influenza
virus circulation occur throughout the year [5]. Yemen is one
of the countries that experience a high number of deaths
resulting from acute and chronic respiratory infections. In 2008,
the Ministry of Public Health and Population initiated the
National Influenza Control Program to enhance the country’s
capacity in monitoring influenza diseases among community,
guide the country in reducing morbidity and mortality from
influenza diseases through the early detection of emerging novel
influenza subtypes, provide a timely response for influenza
prevention and control, and provide recommendations for
improving influenza surveillance.

In 2013, more than 250 cases of influenza and 10 deaths were
reported. A total of 1811 patients with SARI were admitted
from 2011 to 2016. Of these patients, 1413 (78%) were aged
<15 years, 89 (4.9%) patients had influenza viruses, and 655
(36.2%) had noninfluenzaviruses. Further, the casefatality rate
was 8% [6].

The Surveillance Department of the Ministry of Public Health
proposed theinclusion of influenzain the Joint Program Review
and Planning Mission [6]. The Central Public Health Laboratory
was recognized as a national influenza center where facilities
for carrying out polymerase chain reaction and serology tests
are available and functional [6,7].

The WHO recommends that countries should perform
surveillancefor SARI and F-SARI and that surveillance systems
should undergo periodic comprehensive evaluations. To ensure
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that the objectives of national surveillance are being met, this
study aimed to examine the level of usefulness and the
performance of the SARI surveillance system.

Methods

Study Design

A descriptive study was conducted to evaluate the SARI
surveillance system from October to December 2018 based on
the updated Centers for Disease Control and Prevention
guidelines for the evaluation of a public health surveillance
system [8]. Mixed methods with quantitative and qualitative
components were used for the evaluation. SARI sentinel sites
at four public hospitals—Al Joumhouri, Al Wahda, Al Swaide,
and Al Thawra—in four governorates (Sand acity, Aden, Taiz,
and Al Hodeida) were studied. All possible stakeholders,
including National Influenza Control Program managers, data
entry staff, Ministry of Public Health and Population staff, and
members of focal pointsin sentinel sites, were enrolled in this
study.

Data Collection

A desk review of al documents, guidelines, strategies, and
pertinent scientific literature on influenza programs was
conducted. Data were collected via in-depth interviews and
semistructured questionnaires (Multimedia Appendix 1) with
stakeholders and members of focal points at the sentinel sites,
respectively. In addition, areview of the SARI system database
was conducted.

System Attributes

A total of 9 surveillance system attributes that can affect
usefulness were assessed. Quantitative analysis was used to
assess data quality, timeliness, sensitivity, and positive
predictive values. Qualitative analysis was used to assess
representativeness, simplicity, flexibility, acceptability, and
stahility.

Analysis M ethods

To determinethelevel of usefulness, the system was considered
useful if it met at least one of its objectives and one of its
planned uses. With regard to qualitative attributes, stakeholders
were asked to rate the degree to which they agreed with
attributes’ specific indicators by using a 5-point Likert scale
(1=strongly disagree; 2=disagree; 3=neutral; 4=agree,
5=strongly agree). Higher scores indicated better performance
interms of the studied attribute. The scores of all indicatorsfor
each attribute were summed and divided by the maximum scores
to produce a percent score. The percent score was used to rank
each attribute. Thefinal rank of each attribute was classified as
follows: excellent (attribute score: >80%), good (attribute score:
60%-80%), average (attribute score: 40%-60%), poor (attribute
score: 20%-40%), and very poor (attribute score: <20%).

With regard to quantitative attributes, data quality was assessed
by measuring the completeness of patient interview forms, form
transmission data, and respiratory specimen collection and
testing data and by checking signs and symptoms records and
primary diagnoses to determine whether surveillance case
definitions had been adhered to properly. The data collected by
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the system were compared against the minimum data collection
standards for SARI surveillance. Timeliness was assessed by
calculating the percentage of specimensthat were collected and
sent to the laboratory within 72 hours.

Results

Findings From the Desk Review for Describing the
SARI System

The Main Purpose and Objectives of the SARI System

The National Influenza Sentinel Surveillance system was
established in 2010. The main purpose and objectives of the
SARI system are to monitor influenza occurrence in humans
and to provide a foundation for detecting outbreaks of novel
strains of influenza.

SARI Case Definition

A case of SARI was defined as a person meeting the case
definition of influenza-like illness (ie, the sudden onset of a
fever of >38 °C and at least 1 of the following respiratory
symptoms. dry cough, sore throat in the absence of another
diagnosis, and shortness of breath or difficulty in breathing
requiring hospital admission).

Sources of Data for the SARI System

Surveillance for influenza-like illness and SARI was carried
out in 4 sentinel sites. Aggregated datawere collected from and
reported by each sentinel site. The dataincluded the following:

Alkholidy et a

« the number of new SARI cases during the reported week

« the number of new SARI cases in which specimens were
collected during the reported week

« the total number of new hospital admissions to wards in
which SARI surveillance is being conducted

- gpecimen and epidemiological data

Specimens and epidemiological data are collected from the
sentinel sites and transported to national public health
laboratories. At the laboratory, specimens are tested for the
influenza A and B viruses and are further subtyped if they test
positive for the influenza A virus. Epidemiological and
virological data collected from the sentinel sites should be
collected and reported regularly to the national health authorities
on aweekly basis throughout the year.

Data Flow and Feedback in the SARI Surveillance
System

The system was designed so that each sentinel site could send
its reportsto central siteswithin 1 week. Further, samples sent
to Nationa Central Public Health laboratories within 72 hours
are sent to US Naval Medica Research Unit Number 3 for
confirmation, as shown in Figure 1. At the central sites, data
are reviewed, organized, and analyzed, as required. Feedback
isthen sent to sentinel sites.

Figurel. Thisfigureillustratesthe dataflow and feedback in theinfluenza-likeillness and SARI surveillance program of the Ministry of Public Health

and Population in Yemen. SARI: severe acute respiratory illness.

Sentine] sites

SARI program of the ministry

of health

|

National central public
health laboratories

Naval medical research unit number 3

Demographic Characteristics of the Participants

A total of 3 persons at the central sites and 10 persons at the
peripheral sites (3 pediatricians, 3 nurses, 2 laboratorian
specidists, 3 health system directors, and 2 medical specialists)
eval uated the system. The mean age of the participantswas 44.5
years.

https://publichealth.jmir.org/2021/7/e27621

Feedback mmp

Collected data  p—
[ 2

Findings From In-depth Interviews at Central and
Peripheral Sites

Usefulness

Of the 4 SARI stakeholders at the central sites, 3 (75%) agreed
that the SARI surveillance system met its objectives. The
useful ness percent score was 75%, indicating that the usefulness
of the SARI system was good.

Collected samples
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Flexibility costs. The overall percent score for flexibility was 86%, which
All 13 respondents agreed that the system could easily adapt to indicated excellent perfqrmance (Table1). At sentinel sites, the
changesin the SARI case definition, include other diseases, and ~ Percent score, as determined by 10 stakehol ders, was 71%. This

accommodate any changesin datawith less effort and minimal  Indicated that the system had good performance at the peripheral
sites.

Table 1. Flexibility of the severe acute respiratory illness (SARI) surveillance system (N=13).2

Indicator Total score Percent score Rank

The system could adapt easily to changesin the SARI case definition 34 83 Excellent
The system can adapt to the integration of other surveillance systems 35 84 Excellent
The system adapted to accommodate new, additional information (eg, variation in resources) 41 90 Excellent

3The total score, percent score, and rank of the system were 120, 86, and excellent, respectively.

Stabilit (2/4, 50%) stated that the system mainly depends on external
1ty funds. With regard to the scoring system, the overall stability

All 4 stakeholders at the central sites agreed that the system  percent scorewas 75% (Table 2). Thisindicated that the stability
could adapt to changesin resources, but half of the stakeholders  of the SARI system was good.

Table 2. Stability of the severe acute respiratory illness system (n=4).2

Indicator Total score Percent score  Rank
The system can adapt to changes in resources 4 100 Excellent
The system can adapt to funding withdrawal 2 50 Average

3The total score, percent score, and rank of the system were 6, 75, and good, respectively.

simplicity percent score of the system was 74% (Table 3),

Findings From the Self-Administered Semistructured indicating that the SARI system’ssimplicity attribute was good.

Questionnaire for Sentinel Site Focal Points
Simplicity

In total, 2 indicators of simplicity were ranked as excellent, 3
were ranked as good, and 1 was ranked as average. The

Table 3. Simplicity of the severe acute respiratory illness (SARI) system based on total scores, percent scores, and rank.?

Indicator Total score Percent score Rank
There isthe existence of a SARI case definition 30 60 Average
Using the SARI case definition is easy 37 74 Good
The SARI system uses an easy and understandable format 37 74 Good
Writing a SARI report does not take much time 40 80 Excellent
The trainees had training 42 80 Excellent

#Thetotal score, percent score, and rank of the system were 186, 74, and good, respectively.

A tabilit with the SARI surveillance system) were ranked as excellent.
ceeptability The acceptability percent score of the SARI system was 82%

The two indicators of acceptability (ie, the willingness to (ig, the SARI system had excellent performance; Table 4).
participate among people within the system and satisfaction

Table 4. Acceptability of the severe acute respiratory illness (SARI) surveillance system among sentinel sites (n=10).2

Indicator Total score Percent score Rank
Areyou willing to participate within the system? 40 80 Excellent
Areyou satisfied with the SARI surveillance system? 42 84 Excellent

#Thetotal score, percent score, and rank of the system were 82, 82, and excellent, respectively.
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Findings From the Review of the SARI System
Database

Data Quality

Data quality was evaluated by assessing the percentage of
complete forms and the missing variable datain the forms. All
of the patients included in the central sites’ database (N=245)
had complete forms (245 forms; 100% completeness). With
regard to missing data, 22 case report forms from 2018 were
selected randomly and reviewed. No missing variables were
found, and the variables in these forms were in line with those
of the database (completeness: 100%; accuracy: 97%). The
overall data quality percent score was 98.5% (excellent).

Alkholidy et a

Timeliness

The percentage of collected specimens at the health facilities
that sent samplesto the laboratory within 72 hours was used as
an indicator of timeliness. Of the 182 collected samples, 42
(23.1%) samples were sent to the laboratory within 72 hours.
The percent score for timeliness was 23% in 2018, indicating
that the system’s timeliness was poor.

Over all Perfor manceof the SARI Surveillance System

The overall performance of the SARI surveillance system had
a percent score of 79% (ie, the SARI system had good
performance; Table 5).

Table 5. The overall performance of the severe acute respiratory illness systemin Yemen.

Indicators Score Percent score Rank
Usefulness 15 75 Good
Flexibility 120 86 Excellent
Stability 6 75 Good
Simplicity 186 74 Good
Acceptability 82 82 Excellent
Timeliness 23 23 Poor
Data quality 99 99 Excellent
Overadl performance 394 79 Good

Strengths and Weaknesses of the SARI Surveillance
System

Despite its many strengths, the SARI system has some
weaknesses. For example, it depends on irregular externa
financial support. To act as a platform for the surveillance of
other respiratory illnesses, the SARI surveillance system
integrates an influenza-likeillness surveillance system with the
electronic Disease Early Warning System. This has several
benefits. First, it allows for efficient laboratory data collection
and transportation. Second, the SARI system uses resources
more efficiently than other systems. These widespread benefits
enhance the usefulness of the system and alow the system to
meet its own surveillance objectives and address broader
national priorities.

Discussion

Principal Findings

The surveillance systems at sentinel sitesaretoolsfor the early
detection of disease, the monitoring of trends in the burden of
diseases, and the generation of recommendations for the
prevention and control of diseases. The evaluation of
surveillance systems hel ps decision makers to set priorities for
future planning, resource allocation, and future interventions
for preventing the spread of diseases.

Overdll, this study showed that the performance of the SARI
surveillance system was good. Studiesfrom Zambia[9] and the
Democratic Republic of Congo [10] have reported similar
findings. The SARI system was found to be useful in detecting
trendsand signal changesin the occurrence of SARI, estimating

https://publichealth.jmir.org/2021/7/e27621

the magnitude of morbidity and mortality related to SARI, and
promoting research for informing prevention and control
measures for SARI. Similarly, aprevious evaluation in Zambia
demonstrated the usefulness of the system [9].

The SARI surveillance system was shown to be simple. The
case definition and case report forms were available and easy
touse. Similarly, the simplicity of the SARI surveillance system
was documented in previous evaluations conducted in the
Democratic Republic of Congo [10] and Zambia[10].

The SARI surveillance system’s flexibility was excellent. The
system appeared to be able to adapt easily to changes in the
SARI case definition and accommodate changes in data with
less effort and minimal costs. This finding is consistent with
the findings of a study from South Africa[11]. However, it is
not consistent with the findings of studiesfrom Zambia[9] and
the Democratic Republic of Congo [10], which reported that
the flexibility of the evaluated systems ranged from moderate
to good. The acceptability of the SARI system was excellent,
asreflected by the willingness of stakeholdersto participatein
the system and their satisfaction with the SARI surveillance
system.

The stahility of the SARI surveillance system was good. It was
found that the system was stable and could adapt to changesin
resources (eg, donors withdrawing their support). This finding
isinlinewith thefindings of previous studiesfrom South Africa
[11], the Democratic Republic of Congo [10], and Zambia[9].
However, it is not in line with the findings of a study from
Pakistan [12], which reported average stability.
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Our findings showed that the timeliness of the SARI system
was very poor. This might be due to the lack of laboratory
componentsthat are essential for sampling. Previous evaluations
in South Africa [11], China [13], Zambia [9], and the
Democratic Republic of Congo [10] reported moderate to good
timeliness. The quality and completeness of SARI surveillance
system data were excellent.

Limitations

We could not calculate positive predictive values and assess
sensitivity because the samples have not been tested since 2016
due to alack of reagents.

Alkholidy et a

Conclusion

Overdll, the SARI surveillance system was useful in estimating
morbidity and mortality, monitoring the trends of the disease,
and promoting research for informing prevention and control
measures. The overall performance of the SARI surveillance
system was good. We recommended expanding the system by
promoting private health facilities' (eg, private hospitals and
private health centers) engagement in SARI surveillance,
establishing an electronic database at central and peripheral
sites, and providing the National Centra Public Hedlth
Laboratory with the reagents needed for disease confirmation.
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