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Abstract

Background: Asthma affects over 330 million people worldwide. Timing of an asthma event is extremely important and lack
of identification of asthmaincreasestherisk of death. A major challenge for health systemsisthelength of time between symptom
onset and care seeking, which could result in delayed treatment initiation and worsening of symptoms.

Objective: Thisstudy evaluatesthe utility of theinternet search query datafor the identification of the onset of asthmasymptoms.
Methods: Pearson correlation coefficients between the time series of hospital admissions and Google searches were computed
at lag times from 4 weeks before hospital admission to 4 weeks after hospital admission. An autoregressive integrated moving

average (ARIMAX) model with an autoregressive process at lags of 1 and 2 and Googl e searches at weeks—1 and —2 as exogenous
variables were conducted to validate our correlation results.

Results. Google search volume for asthma had the highest correlation at 2 weeks before hospital admission. The ARIMAX
model using an autoregressive process showed that the relative searches from Google about asthma were significant at lags 1
(P<.001) and 2 (P=.04).

Conclusions: Our findings demonstrate that internet search queries may provide areal-time signal for asthma events and may
be useful to measure the timing of symptom onset.

(JMIR Public Health Surveill 2021;7(5):€18593) doi:10.2196/18593

KEYWORDS
digital epidemiology; Google queries; asthma; symptoms; health information seeking

; have asthma, and it is also the most common chronic disease
Introduction of childhood. Avoidable asthma desths still occur due to lack
Asthmais a significant contributor to disease burden globally ~ ©f €arly identification and inappropriate management [5]. Date
[1]. It kills around 1000 people every day and affects over 330  ©f hospitalization has been used in the majority of time-series
million people worldwide, a number that continues to rise[2].  Studies because it is the only available administrative data on
A major challenge for health systems is the length of time thetimingof theasthmaevent. However, evidence has emerged
between symptom onset and care seeking, which could result  that assessment exposure based on hospitalization data may
in delayed treatment initiation and worsening of symptoms generate measurement biasand lead to mISC|BSS|fICf’iIIOn of time
[3,4]. Consequently, the World Hedth Organization has of event onset [4]. Thetrue onset of the symptomatic event may

prioritized reducing asthma burden, as over 330 million people  N@ve occurred days prior to hospital admission, leading to
underestimation of the strength of association between
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environmental exposures such asambient air pollution and acute
clinical asthma events[3,6,7]. Thisis of particular concern for
asthma because of its acute event onset and because it is
sensitive to short-term ambient air pollution fluctuations.

Web searching has become integral for finding health-related
information. Existing evidence showsthat individual s use search
enginesto understand their health symptoms, especially at earlier
stages of their illness, before making a medical visit or use the
web to decide whether to admit themselves to a health care
center [8,9]. Some individuals even use information gathered
from the internet to make decisions on how to treat their illness

Hswen et al

as opposed to visiting a provider [10]. Based on these
information-searching behaviors, researchers have utilized
internet search queriesfor early identification of disease onset,
which has shown to be effective for the detection of infectious
disease epidemics including influenza and Ebola [11-13].
However, research has yet to evaluate the potential utility of
search queries to identify the onset of asthma symptoms and
minimize measurement bias (Figure 1). This study examines
whether internet search queries could revea the lag time
between onset of asthma symptoms and hospital admissions
due to asthma events.

Figure 1. Potential difference in lag time between true time of onset and hospital admission. Diagrammatic representation of exposure measurement
error. Date of hospital admission isnot necessarily the date of symptom onset and may |lead to misclassification, as exposure measurement does not fall
within the period of hospital admission. Internet search queries may identify onset of symptomsin real time and earlier than administrative data and

reduce measurement error.

Date X Date Y Date Z
Environmental ~ Symptom Hospital
Exposure onset Admission
Search
query
L )
Y
Time window
used to measure
exposure
[ J
!
Measurement

error lag time

Methods

Overview

Toinvestigate the ability of internet search queriesto detect the
time of onset, we analyzed the lag time between internet search
activity and asthmarelated hospital visits in the
Provence-Alpes-Coted Azur (PACA) regionin France. France's
health care system givesthe rare opportunity to make acomplete
account of all admissions in a given territory (in both public
and private hospitals) [14]. PACA, France, was chosen to be
the focus for this study because of its high national emissions
of air pollution [15,16]. The number of asthma-related
hospitalizations (International Classification of Diseases
[ICD]-10 codes J5 and M6) was collected from
diagnosis-related group (DRG)-based Program for
Medicalization of Information Systems (PMSI) from al the
hospitals in the PACA region and aggregated at the weekly
level [17].

https://publichealth.jmir.org/2021/5/€18593

Google Relative Search Volumes

Time series of weekly Google relative search volumes (RSVs)
for the term topic “asthme” (asthma) restricted to the PACA
region were collected from January 1, 2017, to December 31,
2017, from Google Trends [18]. Google computes RSV's by
dividing the total search volume for a query in a given
geographical location by the total number of queries in that
region at a given point in time [19]. Therefore, these data are
normalized by the population density and search volume in a
given geographical area and account for temporal fluctuations.
Thismeansthat when welook at the search interest for the topic
of asthma, it will be proportional to all searches on al topics
on Google at that time and location. This function allowed us
to measure the overall interest in the topic related to asthmain
this study.

Because we were specifically interested in asthma hospital
admissions in the PACA region in France, other related terms,
such as “difficulty breathing,” were not used, as they are not
specific to asthmaand overlap with other respiratory conditions.
Search queriesrelated to the topic term * saignement” (bleeding)

JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 |e18593 | p.5
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were collected as a control, as bleeding has no direct medical
connection to asthma. Pearson correlation coefficients between
thetime series of hospital admissionsand Google searcheswere
computed at lag times from 4 weeks before hospital admission
to 4 weeks after hospital admission. We further tested the
Pearson correlation resultswith an autoregressive analysisusing
explanatory variables: autoregressiveintegrated moving average
(ARIMAX) with an autoregressive process at lags of 1 and 2
and Google searches at weeks —1 and —2 weeks as exogenous
variables (Table 1). This allowed us to assess how Google

Tablel. ARIMAX?regression.

Hswen et al

searches were associated with hospital admissions while
accounting for autocorrelation of the hospital admissions time
series. The data that support the findings of this study were
obtained from Google Trends that are available from [18] and
from the DRG-based PM S| under a license for this study and
are not publicly available; however, these can be obtained from
the authors upon reasonabl e request and with permission of the
DRG-based PMSI. All analyses were conducted using the
statsmodel s package in Python.

Variable Coefficient Standard error P value 95% CI

ARP-1 (hospital admissions 1 week ago) 083 115 <.001 04110126
AR-2 (hospital admissions 2 weeks ago) -0.31 1.05 .04 —0.59t0 -0.02
“asthme”’ Google searches 1 week ago 3.67 0.22 .001 1.42t05.92
“asthme” Google searches 2 weeks ago 3.59 0.15 .001 1.52105.65
Variance on error term 461.84 81.83 <.001 301.46 to 622.22

3ARIMAX: autoregressive integrated moving average.
PAR: autoregression.

Ethics and Consent

Public use data sets used in this study are in aggregate format
and not individualy identifiable such that their anaysis is
deemed nonhuman subject research.

Results

Google RSV sfor asthmahad the highest correlation at 2 weeks
before admission with a correlation of 0.491 (P<.001; Figure

2, Table 2). Searchesfor “ saignement” (bleeding) did not exhibit
significant positive correlations with asthma-related hospital
admissions at any lag time (Table 2). Our results of the Pearson
correlation were further validated with our ARIMAX model,
whereby the relative Google searches about asthma were
significant at 1 (P<.001) and 2 (P=.004) weeks lags before
hospital admissions, which were consistent with our correlation
results.

Figure 2. Lag correlation between searches and admissions for “asthme,” 2017.
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Table 2. Pearson correlations between Google search term and hospital admissions for asthma.

Lagtime “Asthme” (asthma) searches x asthma admissions “Saignement” (bleeding) searches x asthma admissions
Correlation P value Correlation P vaue
4 weeks before 0.327 .02 0.139 34
3 weeks before 0.452 .001 0.123 .39
2 weeks before 0.491 <.001 0.046 74
1 week before 0.483 <.001 —0.046 74
Same week 0.418 .002 -0.034 .80
1 week after 0.307 .02 -0.082 .56
2 weeks after 0.013 .93 -0.220 12
3 weeks after -0.261 .07 —0.248 .08
4 weeks after -0.426 .003 —-0.268 .06
Discussion measuring exposure and response should investigate the lag

Principal Findings

Resultsfrom our study suggest that internet search queries detect
asthma symptom onset earlier than hospital admissions. Delay
between time of symptom onset and time of hospital presentation
for acute clinical events has been shown to result in considerable
underestimation of the effects of ambient air pollution [4]. Our
results show the greatest correlation at alag of 2 weeks between
Google RSVs for asthma and asthma hospital visits. In
comparison to a recent study that tested the lag time between
Google RSVs for terms related to COVID-19 and COVID-19
cases in Taiwan, significant time-lag correlations ranged from
0.3310 0.72[20]. Resultsfrom our time-series correl ation were
in between the range of these correlations at 0.49 (P<.001) at
2 weeks. This effect size of 0.49 indicates a moderate
relationship as correlations over 0.3 are considered to indicate
an underlying relationship between 2 variables of interest
[21,22]. The 1- and 2-week lag we found between asthma
searches and asthma hospitalizationsis consistent with previous
studies that have on average a 2-week time lag between
internet-based and traditional surveillance systems for disease
surveillance [23]. In a study that looked at internet searches on
denguefever and local dengue occurrences, alag time of 1 week
was reported [24]. In a more recent study, the relationship
between chest pain search volume on Google and new
COVID-19 cases saw a lag time of 18 days (2-3 weeks) [25].
This consistent time lag of around 2 weeks may indicate the
amount of timethat el apsed between users devel oping symptoms
and seeking in-person medical care.

Our results highlight that online internet search queries about
symptoms may offer anovel approach to (1) identify thetiming
and the magnitude of future admissions, to prepare and manage
resources efficiently at the hospitals (as suggested for opioids
[10]) and (2) correct for measurement bias and misclassification
of time of asthmaonset. Thisfinding isimportant, as short-term
fluctuationsin ambient air pollution can have significant effects
on acute symptoms; therefore, hour-by-hour estimates are
important to understand the impact of these environmental
exposures on symptomatic changesin order to identify the onset
of larger more severe health events. Epidemiological studies

https://publichealth.jmir.org/2021/5/€18593

time between search queries and hospitalization to uncover
insights about the actual timing of onset. Recent evidence has
also indicated that the COVID-19 pandemic has led patientsto
use internet search on Google to seek out media information
and treatment in replacement of professional medical attention
[25]. For instance, compared with previous years, there have
been significant reductions in hospital presentations for acute
myocardial infarctions and concurrent increases in
out-of-hospital cardiac arrests during the COV1D-19 pandemic
and a marked spike in search volume for chest pain [26,27].
Therefore, internet search queries related to respiratory
symptomsmay offer insight into the trueincidence of respiratory
illnesses during COVID-19, as fear of contracting COVID-19
may prevent patients from seeking hospital care. Future studies
should use internet search queries to estimate the incidence of
disease, as hospital admissions may not be able to provide
accurate measurementsin the time of COVID-19.

Limitations

We recognize that the population on the search engine Google
may not be entirely representative of the French population.
However, statistics show that Google holds the largest market
share of al search engines in France (92% as of September
2020) [28]. The population of internet usersin Franceis 82.0%
and skewed toward younger age and higher education level
[29]. In this study, we validated that search strategies were
effective at identifying the onset of future emergency hospital
use. Despite the limitation that searches on Google might not
be generalizable to the entire French population, our results still
suggest that this methodol ogy may be applicableto other chronic
diseases as well. However, we acknowledge that this method
may not be applicableto al types of symptomsor hospital uses,
especialy when the disease to be treated is very specific to a
subpopulation.

We al so recognize that recent developmentsin time series such
as time-series forecasting were not used for our analysis.
However, in this study we sought to model trends in searches
as they related to external factors such as emergency visits,
whereas time-series forecasting seeks to forecast future values
of that series such as using historical hospital visits to predict
future hospital visits. We also chose to use the most standard
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and frequently used time-series model for consistency in the
research area related to environmental respiratory disease in
order to identify the time lag between symptom onset and
hospital admission [30-33].

Future Directions

Based on our study findings, we believe that earlier
identification of potential cases of asthma exacerbation through
internet searches could help improve the efficiency of resource
allocation within hospitals such as staff, beds, and respiratory
assistance. Future studies should test the ability of Google
searches in the hospital setting to predict cases and reduce the
burden on hospitals. In addition, sincethe COVID-19 pandemic,
it has been postulated that many patients are not seeking care
for their arising symptoms because of fears of COVID-19
transmission [27]. Therefore, the use of internet search could
help identify real-time and accurate onset of asthma during the

Acknowledgments
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time of the COVID-19 pandemic. Thisinformation can be used
to provide timely and correct patient education including
informing the public about the appropriate course of action.
Public health efforts should consider the utility of internet
searches for respiratory conditions such as asthma to measure
care-seeking behaviors and prevent severe long-term
consequences.

Conclusions

Asthmaisone of the most significant noncommunicable diseases
globally [34]. Improving surveillanceis crucia for the control
of asthma and the prevention of avoidable deaths due to this
disease. The use of online digital surveillance offersthe ability
to capture the onset of asthma more accurately and rapidly and
has the potential to reduce the burden and deaths caused by
asthma.
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Abstract

Background: Patients use Facebook as aresource for medical information. We analyzed posts on idiopathic pulmonary fibrosis
(IPF)-related Facebook groups and pages for the presence of guideline content, user engagement, and useful ness.

Objective: The objective of this study was to describe and analyze posts from Facebook groups and pages that primarily focus
on |PF-related content.

Methods: Cross-sectional analysis was performed on a single date, identifying Facebook groups and pages resulting from
separately searching “IPF" and “idiopathic pulmonary fibrosis” For inclusion, groups and pages needed to meet either search
term and be in English, publicly available, and relevant to IPF. Every 10th post was assessed for general characteristics, source,
focus, and user engagement metrics. Posts were analyzed for presence of | PF guideline content, useful scientific information (eg,
scientific publications), useful support information (eg, information about support groups), and potentially harmful information.

Results: Eligibility criteria were met by 12 groups and 27 pages, leading to analysis of 523 posts. Of these, 42% contained
guideline content, 24% provided useful support, 20% provided useful scientific information, and 5% contained potentially harmful
information. The most common post source was nonmedical users (85%). Posts most frequently focused on |PF-related news
(29%). Posts containing any guideline content had fewer likes or comments and a higher likelihood of containing potentially
harmful content. Posts containing useful supportive information had more likes, shares, and comments.

Conclusions: Facebook contains useful information about IPF, but posts with misinformation and less guideline content have
higher user engagement, making them more visible. Identifying ways to help patients with | PF discriminate between useful and
harmful information on Facebook and other social media platformsis an important task for health care professionals.

(JMIR Public Health Surveill 2021;7(5):€24199) doi:10.2196/24199
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrotic
interstitial lung disease (ILD) of unknown etiology characterized
by declining lung function, worsening dyspnea, and a poor
prognosis[1]. Prior surveysindicate that patientsand caregivers
perceive a lack of accessible resources and information
regarding |PF despite the availability of consensus guidelines
[2]. Many online resources provide information about | PF, but
these are frequently biased and inaccurate [3]. For example,
YouTube videos focused on IPF often contain incomplete,
inaccurate, and potentially harmful information, with highlevels
of user engagement in videos containing inaccurate information
[4]. Given recent controversy surrounding Facebook’s policies
on censorship of inaccurate or potentially harmful information,
it is an especially prescient time to investigate the accuracy of
information disseminated via Facebook as it relates to chronic
diseases such as | PF [5].

Social mediausage in US adults increased from 5% to 72% of
the population between 2005 and 2018 [6]. Social media was
initially limited to ayounger demographic; however, over 40%
of people above the age of 65 now use social media [6]. The
most widely used forms of socia media are YouTube and
Facebook, with 72% and 69% of US adults using these
platforms, respectively [6]. People frequently use social media
for health advice and support, emphasizing the importance of
evaluating content and quality of health-related information on
these platforms[7-9]. On Facebook, users can post text, pictures,
videos, or links, which can be commented on, reacted to, or
shared by other users. Facebook pages enable any individual or
organization to create public forums where people can interact.
Facebook groups are designed for small-group communication
where people can discuss topics of common interest, including
discussion of medical conditions[10]. Facebook pagesare often
created by public figures, organizations, industry, and
occasionally independent nonmedical users, but may have a
more product- or message-based focus than groups [10]. To
date, no study has evaluated the types of information available
about | PF on Facebook, and whether this represents a useful or
potentially harmful resource for patients with 1PF and their
families.

The objective of this study was to describe and analyze posts
from Facebook groups and pages that primarily focus on
IPF-related content. We assessed a variety of post
characteristics, user engagement metrics, |PF-related content,
and the presence of inaccurate information shared in Facebook
posts on these groups and pages. We hypothesized that these

https://publichealth.jmir.org/2021/5/€24199

posts would often be biased, and would frequently contain
inaccurate and potentially harmful information, similar to
YouTube and other internet resources (see Table S1 in
Multimedia Appendix 1 for a complete list of prespecified
hypotheses) [3,4].

Methods

Search Strategy and Page or Group Selection

A new Facebook account was created after removing all history
and cookies from theweb browser (Google Chrome). Theterms
“IPF” and “idiopathic pulmonary fibrosis® were separately
entered in Facebook’s search function on January 4, 2019 to
identify IPF-related groups and pages. Exclusion criteria
included primary language not English, being a “closed” or
“private” group, being a group or page with a focus other than
IPF, or being a duplicate result.

For al groups or pages that met eligibility criteria, a single
researcher recorded basic features, including group or page
name, URL, description of group or page, and number of group
members or page likes. Given the high number of individual
posts, the same basic features were recorded from every 10th
post in the group or page, including presence of an external link
and its URL, the posting of any image or video, date of posting,
and viewer engagement metrics. Three viewer engagement
metricswere recorded for each post: the number of likes, shares,
and comments.

Data Extraction

| PF-related datawere captured in duplicate by two authorswho
independently reviewed each group or page and post for specific
data as detailed in Figure 1. The primary source of the group
or page was categorized as scientific resources, medical
foundations or organizations, news programs or other media
sources, industry or for-profit organizations, private medical
professional—generated content, nonmedical user—generated
content, or other, as previously described [3]. Individua posts
were also separately assigned to one of these sources since the
source of apost is not necessarily the same as the source of the
group or page. Each post was coded according to the primary
focus, including guideline, advice (giving or requesting advice),
news (posts about new scientific studies and advances),
advertisement or fundraising, opinion (a persona opinion),
insurance or health care cost, other IPF content (posts about
IPF not falling into a prior category), or non-1PF content (no
relation to IPF). If alink was present, the link type was coded
as being related to a scientific source, foundation or advocacy,
news or media, industry or for profit, or personal blog.
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Figure 1. Dataextracted from groups, pages, and from individual posts within groups or pages.

Coding of Facebook Public Forums with IPF-related Focus

Recorded Data for Groups

*Group name

*Group URL

*Group description
*Number of group members
:Group source

Recorded Data for Pages

*Page name

*Page URL

*Page description
‘Number of page likes
-Page source

Recorded Data for Individual Posts within Groups or Pages

*Presence or absence of a picture

-Link type

*Post content (all recorded text for the post)

*Presence or absence of a video and associated URL
*Presence or absence of a link and associated URL

*Number of post likes, comments, and shares
*Post source (determined by checking individual profile of poster)
*Post focus (determined by text of the post)

_"Content score (based on content within post text or immediate link)

Two authorsindependently assigned posts a content score based
on 30 prespecified guideline-supported |PF-related content
itemswithin the categories of definition, symptoms, risk factors,
diagnosis, management, and prognosis (Figure 1, Table S2 in
Multimedia Appendix 1) [1,11,12]. To assign content scores,
authors also evaluated content on the immediate page accessed
via any post links. Posts were considered to contain useful
scientific information if the post or direct link quoted scientific
studies regarding the natural history, diagnosis, or treatment of
| PF. Postswere considered to contain useful support information
for | PF patients or caregiversif they provided recommendations
regarding | PF support networks, peer support, or other practical
adviceto caregiversor patientswith | PF (eg, traveling with I PF,
navigating the health care system, strategies for mitigating
symptoms). Postswere considered harmful if they recommended
pharmacologic or nonpharmacologic therapies (eg, stem cell
transplant, specific dietary modifications) not recommended by
current | PF guidelines (see Table S3 in Multimedia Appendix
1 for examples of nonrecommended therapies) [1,12].

Statistical Analysis

Unweighted k values were used to determine the level of
agreement between reviewersfor coding of the variables stated
above. A k cut-off value of 0.70 was deemed acceptable. In
situationswhere k waslessthan 0.70, athird independent author
served as an arbitrator. Descriptive statistics were calculated

https://publichealth.jmir.org/2021/5/€24199

RenderX

for overall group and page data, and general post information.
Further statistical analysis was performed on individual group
and page data as well as combined group and page data.
Wilcoxon rank-sum, Spearman correlation, Kruskal-Wallis, and

x? tests were performed as appropriate to analyze potential
associations of variableswith content score. Wil coxon rank-sum
testing and Fisher exact test were used to identify variables
associated with the presence of harmful content, useful scientific
information, and useful supportive content.

Zero-inflated negative binomial regression was used to test the
association of a higher content score with viewer engagement
metrics, post source of foundation or medical professional, and
guidelinefocus. Thisanaysiswas adjusted for clustering within
groups and pages using aclustered sandwich estimator approach,
as posts within individual pages or groups were considered to
be dependent on each other [13]. Theinitial model included all
variables considered to have a potential impact on content score
followed by elimination of variables with P>.05 to achieve a
model that met convergence [14]. Multivariable logistic
regression was used to identify variables associated with the
presence of potentially harmful information within apost. This
analysiswasalso adjusted for clustering within groups or pages
using a clustered sandwich estimator approach.
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Data are shown as mean (SD), median (IQR), or n (%).
Statistical significance was defined by a two-tailed P<.05 for
all analyses. Analyseswere performed using STATA/SE version
14 (StataCorp).

Results

Post Characteristics

The initial search yielded 126 groups and 191 pages, with 12
groups and 27 pages meeting the eligibility criteria (Figure 2).
From the 39 included groups and pages, 523 posts were
analyzed. Post source was most frequently from nonmedical
users (445/523, 85.1%), followed by foundations or medical
organizations (53/523, 10.1%), industry or for-profit
organizations (24/523, 4.6%), and private medical professionals
(1/523 0.2%). Of the 523 posts analyzed, 307 (58.7%) contained

Figure 2. Search results, and selection of groups and pages.

Kochan et al

URL links, 118 (22.6%) contained pictures, and 32 (6.1%)
contained videos. Median post age was 630 days (IQR
250-1381), with a range from O to 4271 days. Viewer
engagement, asindicated by the number of likes, comments, or
shares, was generaly low (Table 1). Post focus was on
IPF-related news in 152 posts (29.1%), other |PF-related
information in 131 (25.0%) posts, non-1PF commentary in 81
(15.5%) posts, adviceto | PF patients or caregiversin 80 (15.3%)
posts, advertisement in 65 (12.4%) posts, |PF guidelinesin 5
(1.0%) posts, opinion in 7 (1.3%) posts, and insurance in 2
(0.4%) posts. The most common type of external link was to
websites presenting | PF-related news (112/523 posts, 21.4%),
followed by websites with a foundation or advocacy focus
(96/523, 18.4%). Guideline-recommended content was present
in 221 (42.3%), useful support in 127 (24.3%), and useful
scientific information in 103 (19.7%) of the 523 posts (Figure
S1in Multimedia Appendix 1).

Facebook search for "idiopathic pulmonary fibrosis" and "IPF"

126 Groups

(8 duplicates excluded)

118 Unique Groups

44 private or closed excluded
62 not relevant excluded

12 Included Groups

191 Pages

4 duplicates excluded

187 Unique Pages

24 non-English excluded
135 not relevant excluded

27 Included Pages

o v v v v v
?‘T M . Nonmedical User Industry or .
] Medical Organization 11 Groups For Profit Scientific News
] ey 19 Pages 2 Pages U TS
&G 4 Pages
Table 1. Baseline characteristics of postsincluded in study.

Post characteristics Groups Pages Combined

Tota posts, N 220 303 523

Picture present, n (%) 32(14.5) 86 (28.4) 118 (22.6)

Video present (n, %) 5(2.3) 27 (8.9) 32(6.1)

Likes per post, mean (SD) 2(7) 7(13) 5(11)

Shares per post, mean (SD) 01 3(7) 2(5)

Comments per post, mean (SD) 1(3) 1(3) 1(3)

Post age (days), median (IQR) 1117 (192-1930) 888 (347-1337) 630 (259-1381)

Link present, n (%) 124 (56.4) 183 (60.4) 307 (58.7)
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Post Content

We hypothesized that post source of a foundation/medical
organization or medical professional, post with a guideline
focus, and a post with greater viewer engagement would be
associated with higher content scores. On unadjusted analysis,
posts from a foundation or medical organization had a
numerically higher content score, athough this was not
statistically significant (Table 2). Postsfrom an industry source
were associated with lower content scores on adjusted analysis
(Table 3). Postswith aguideline-related focus had asignificantly
higher content score (Table 2, Figure 3). On adjusted analysis,
post focus on IPF guidelines was associated with lower odds

Kochan et al

of having acontent score of zero, whereas anon-1PF post focus
was associated with higher odds of having a content score of
zero (Table 3).

With regard to viewer engagement, on unadjusted analyses,
there was a negative correlation between number of likes or
comments and content score, and posts with a higher number
of likes and comments were significantly less likely to contain
any guideline-recommended content (Figure 4). There was no
correlation between content score and number of shares.
Conversely, on adjusted analysis, the number of comments was
positively associated with a higher content score (Table 3).

Table 2. Mean post content scores broken down by post source and content category from groups and pages combined.

Post variable Content score® mean (SD) P value”
Source .78
Foundation or medical organization (n=53) 2.8(6.1)
Industry or for profit (n=24) 0.2 (0.5)
Medical professiona (n=1) 0.0 (0.0
Nonmedical user (n=445) 14 (2.9
Focus <.001
Guideline (n=5) 11.2 (10.0)
Advice (n=80) 1.3(2.1)
News (n=152) 23(31)
Advertisement (n=65) 0.7 (1.4
Opinion (n=7) 0.9 (0.9)
Insurance or health care cost (n=2) 15(2.1)
Other IPFC-related focus (n=131) 17(4.6)
Non-IPF—elated focus (n=81) 0.1(0.3)

3\laximum total score of 30.
bCalculated usi ng the )(2 test.
%I PF: idiopathic pulmonary fibrosis.
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Table 3. Variables associated with content score in individual posts on adjusted analysis.?

Variables Coefficient (95% ClI) OR® or IRR® (95% ClI) P value

Zero-inflation mode variables®

Post focus
Guideline -6.58 (~10.21 to —2.95) 0.00139 (0.0000368-0.0523) <.001
Non-IPF—related 25.68 (19.60, 31.77) 1.42x101 (3.25x108- 6.27x1013) <.001
Age of post (days) 0.00189 (0.000493 to 0.00329) 1.002 (1.0005-1.003) .008

Count model variables®

Number of comments 0.0496 (0.00738 to 0.0918) 1.05(1.01-1.10) .02
Industry post source —2.55 (—2.84 t0 —2.26) 0.0783 (0.0586-0.104) <.001
Post focus
Guideline Comparator Comparator N/A
Other |PF-related —1.41 (-1.92 to —0.89) 0.245 (0.146-0.411) <.001
Non-IPF-related -3.18 (4.44t0-1.93) 0.0415 (0.0118-0.146) <.001
Age of post (days) 0.000213 (0.0000392 to 0.000387)  1.0002 (1.00004-1.0004) 02
Presence of link 1.64 (1.09 to 2.20) 5.18 (2.96-9.04) <.001

8Clustered according to Facebook page or group that the post was made in.

POR: odds ratio (for zero-inflated model variables).

%IRR: incident rate ratio (for count variables).

dOriginal zero-inflated model included atrinomial variable for post source and atrinomial variable for post focus.

€Original count model included number of likes, number of shares, trinomial post source variable, and presence of video or picturein a post.
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Figure 3. Content score reflecting the number of guideline-recommended content contained in each post or immediate link from groups and pages
combined (maximum score=30). The width of the plot at each level corresponds to the number of posts within that group that had that score. Medians
with IQRs are presented as a box plot within the violin plot. Posts are delineated by source (A) and focus (B).
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Figure 4. Correlation between number of post likes (A) or number of post comments (B) and content score from groups and pages combined.
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Although not identified as a prespecified hypothesis, posts
containing an external link had a higher content score on both
unadjusted and adjusted analyses (Table 3). Posts containing
useful scientific information generally had lower viewer
engagement. By contrast, poststhat contained useful supportive
content had higher viewer engagement.

https://publichealth.jmir.org/2021/5/€24199
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Harmful Post Content

Only 5% of the posts contained potentially harmful information,
but 35% of all groups or pages contained such posts. Although
we hypothesized that posts with higher content scores would
be less likely to contain potentially harmful content, we found
that posts with higher content scores were actually more likely
to contain potentially harmful information on both unadjusted
and adjusted analyses (Table S4 in Multimedia Appendix 1).
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We aso hypothesized that post source other than a
foundation/medical organization or medical professional, post
with afocus other than IPF guidelines, and posts with greater
viewer engagement would be associated with higher odds of a
post containing potentially harmful content. On unadjusted
analysis, groups or pages with a nonmedical user source were
more likely to contain potentially harmful content compared to
other sources. On adjusted analysis, posts with an industry
source were less likely to contain potentially harmful content,
and no other sources had an association with posts containing
potentially harmful content. On adjusted analysis, posts with a
guideline focus were less likely to contain potentialy harmful
content (Table S4 in Multimedia Appendix 1).

With respect to viewer engagement, posts containing potentially
harmful content had significantly fewer likes on unadjusted
analysis. On adjusted analysis, posts with greater than 5 likes
or greater than 5 comments had alower likelihood of containing
potentially harmful content. Number of post shares was not
associated with potentially harmful content.

Discussion

Principal Findings

To our knowledge, this is the first study to assess the content
and quality of information about |PF on Facebook. Facebook
is the second most widely used social media platform in the
United States [6], emphasizing the importance of evaluating
the content of health-related information disseminated through
this platform. Prior studies have assessed content of Facebook
posts from groups or pages in other diseases [15-20], but few
have assessed post quality, instead focusing on descriptive
analyses. Assigning content scores to posts based on guideline
recommendationsisanovel method for analyzing health-rel ated
posts on Facebook.

Previous surveys have shown that patients with pulmonary
fibrosis perceive alack of available resources and information
about their disease [2]. Other studies demonstrate that social
media is perceived by patients as an important resource for
medical information and dialogue with health professionals
[15,21]. Wefound that most of the identified postsin our study
were made by nonmedical users, with very few posts coming
from foundations, industry, or medical professionals. The
relatively few posts from medical professionals highlights an
areafor futureinitiatives aimed at improving accessto reliable
health-rel ated information on social mediafor patientswith | PF
and their caregivers.

The most frequent foci of posts pertaining to IPF included
comments on | PF-related news (29%), asking for or receiving
advice (15%), and advertising (12%). The frequency of posts
with an advertisement focus was lower in our study than
reported in previous studies of other chronic diseases[16,18,19],
which may represent the smal number of commercialy
available treatments for IPF. We found that 20% of posts
presented useful scientific information and 24% provided other
useful forms of support (eg, providing information regarding
| PF support group meetings). The percentage of useful postsin
our study was higher than that reported in similar studies

https://publichealth.jmir.org/2021/5/€24199
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evaluating Facebook content for other chronic diseases[16,22].
Thismay berelated to atight-knit network of patients with I1PF
that engage on social mediaor could reflect our strict inclusion
criteria that excluded evaluation of pages or groups more
peripherally associated with | PF, although this requires further
study.

We found a negative correlation between number of likes or
commentsand content score. This suggeststhat Facebook posts
containing more useful content may generate less attention,
similar to findings seen in IPF-related YouTube videos [4].
Finding ways to make posts with useful content more visible
represents an important area for future research. Although
relatively few posts (5%) contained potentially harmful
information, one third of pages or groups contained posts with
potentially harmful content. Thisisalower rate of harmful IPF
content than observed on YouTube and other internet resources
[3,4].

We found an associ ation between higher content score and posts
containing potentially harmful information. This indicates that
harmful information about IPF on Facebook is surrounded by
useful guideline information, which likely makes it more
challenging for patients to distinguish accurate from harmful
information. A possible explanation for this association is the
presence of old posts discussing historical management
approachesthat have more recently been disproven (eg, inhaled
N-acetylcysteine) [23]. Our findings suggested less frequent
harmful content from groups or pages with a nonmedical user
source and in posts from an industry source or with aguideline
focus. These findings could be used to help direct patients to
posts that are less likely to contain harmful information,
although more research in this area is required.

Strengths and Limitations

A strength of our study was not restricting our analysis to the
most recent posts; however, thisrequired evaluating every 10th
post for content to ensurefeasibility. Thisreduced our sampling
of less common post sources such as medical
professional—generated content, and we may have missed
encountering specific harmful interventionsthat are only rarely
discussed. We also only included open or public groupsin the
English language, as we were unable to access closed groups
or reliably translate posts made in other languages. It isunclear
if inclusion of these closed or non-English groups or pages
would haveled to significantly different findings. Additionally,
we only included pages or groups focused on IPF. If we
examined pages or groups about any form of ILD, our sample
size would have been greater, although less specific for |PFand
guideline-related content.

Conclusions

This study showsthat thereisuseful information about |1PF that
isavailableto patientsand their caregivers on Facebook. Despite
these findings, patients lack clear instruction on how to
distinguish between posts containing useful versus harmful
information. This is further complicated by the fact that
potentially harmful information is often paired alongside useful
guideline content. Moving forward, health care professionals
need to identify ways to help patients discriminate between
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useful and potentially harmful information presented on social | PF on Facebook. Additionally, encouraging posts that contain
media. Post focus or source may provide clues in thisregard. useful information to generate increased viewer engagement
Health care professionals should also strivetoincreasemedical  (likes, shares, and comments) will be critical to enhancing the
professional—generated content aimed at patient education about  dissemination of accurate medical information on Facebook.
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Abstract

Background: The COVID-19 epidemic and the related containment strategies may affect parental and pediatric health behaviors.

Objective: The goal of this study was to assess the change in children’s and adolescents' prevention and vaccination behaviors
amid China's COVID-19 epidemic.

Methods: We conducted a cross-sectional online survey in mid-March 2020 using proportional quota sampling in Wuhan (the
epidemic epicenter) and Shanghai (a nonepicenter). Data were collected from 1655 parents with children aged 3 to 17 years.
Children’sand adolescents’ prevention behaviors and regular vaccination behaviors before and during the epidemic were assessed.
Descriptive analyseswere used to investigate respondents’ characteristics, public health prevention behaviors, unproven protection
behaviors, and vaccination behaviors before and during the COV 1D-19 epidemic. Univariate analyses were performed to compare
differencesin outcome measures between cities and family characteristics, using chi-squaretests or Fisher exact tests (if expected
frequency was <5) and analyses of variance. Multivariate logistic regressions were used to identify the factors and disparities
associated with prevention and vaccination behaviors.

Results:  Parent-reported prevention behaviors increased among children and adolescents during the COVID-19 epidemic
compared with those before the epidemic. During the epidemic, 82.2% (638/776) of children or adolescents always wore masks
when going out compared with 31.5% (521/1655) before the epidemic; in addition, 25.0% (414/1655) and 79.8% (1321/1655)
had increased their frequency and duration of handwashing, respectively, although only 46.9% (776/1655) went out during the
epidemic. Meanwhile, 56.1% (928/1655) of the familiestook unproven remedies against COV1D-19. Parent-reported vaccination
behaviors showed mixed results, with 74.8% (468/626) delaying schedul ed vaccinations and 80.9% (1339/1655) planning to have
their children get the influenza vaccination after the epidemic. Regarding socioeconomic status, children and adolescents from
larger families and whose parents had lower education levels were less likely to improve prevention behaviors but more likely
to take unproven remedies. Girls were less likely than boys to always wear a mask when going out and wash their hands.

Conclusions: Prevention behaviors and attitudes toward influenza vaccination have improved during the COVID-19 epidemic.
Public health prevention measures should be continuously promoted, particularly among girls, parents with lower education
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levels, and larger families. Meanwhile, misinformation about COV1D-19 remains a serious challenge and needs to be addressed

by public health stakeholders.

(JMIR Public Health Surveill 2021;7(5):€26372) doi:10.2196/26372
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Introduction

On December 31, 2019, the government in Wuhan, China,
announced an outbreak of a new infectious disease, formally
named COVID-19. The COVID-19 outbreak spread quickly
across China and the world [1]. In order to control the severe
epidemic, the Chinese government launched a variety of
containment strategies between January and April 2020,
including lockdown policies, stay-at-home orders, school
closures, and suspension of mass gatherings. The city of Wuhan,
the epicenter of the COVID-19 outbreak, went through a
complete lockdown from January 23 [2] to April 8, 2020 [3],
whereasthe Shanghai municipality, acity significantly affected
by imported COVID-19 cases from Wuhan, activated the
highest-level public health emergency response on January 24,
2020 [4], and later loosened it on March 24, 2020 [5].
Vaccination clinics were closed and then reopened in both
Wuhan and Shanghai [6,7]. After the human-to-human
transmission was confirmed on January 20, 2020, the National
Health Commission of China issued the personal protection
guidelinesthat included respiratory protection and hand hygiene
[1], as well as health monitoring and social distancing [8].
Simultaneously, misinformation or rumors about COVID-19
started to spread on mass mediaand social media. The People’s
Daily, the largest newspaper group in China, reported that
Shuanghuanglian, an unproven herbal remedy, could inhibit
COVID-19; 2 dayslater, it clarified that Shuanghuanglian cannot
prevent COVID-19 [1]. The rumor that garlic can prevent
COVID-19 appeared on social media, and the People's Daily
refuted it again [1].

It is likely that the COVID-19 epidemic and subsequent
containment strategies could have influenced the prevention
and vaccination behaviors for adults and children [9]. Previous
studies assessed the effectiveness of personal protective
behaviors, indicating that behaviors such as mask-wearing,
social distancing, and handwashing can help prevent COVID-19
transmission [10-12]. Some studies reported the positive impact
of socia distancing strategies, like the stay-at-home order, on
the spread of the COVID-19 epidemic and health outcomes
[13,14]. The public's perception and compliance played an
important role in the practice of personal protective behaviors,
especialy for children and adol escentswho usually had alower
adherence to the recommended hygiene behaviors [15,16].
However, most studies focused on compliance with personal
protective behaviors among adults during the COVID-19
epidemic [10,11,16-19], and few investigated children and
adolescents. For Chinese adults, previous online surveysfound
that from February to March 2020, nearly 80% of adult residents
complied with personal protection strategies, such as
stay-at-home orders, mask-wearing, temperature self-monitoring,
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and hand sanitization, whereas adult migrant workers reported
ahigher compliance with mask-wearing in public places (95.7%)
but alower compliance with hand sanitization (70.9%) [20-22].
In addition, misinformation may bias the public’s perception
and mislead the behavioral response to the epidemic [23]. It is
plausible that these cognitive and behavioral challenges among
the adult population could also occur among minors; therefore,
assessing behavioral changes among children and adol escents
may help identify the challenges associated with their adherence
to containment strategies.

Public resources and services have long been unequaly
distributed among popul ation subgroupsin Chinaand worldwide
[24-28], which explained why the public responded to the
COVID-19 epidemic differently in different places [29]. This
epidemic may have led to various effects across population
subgroups, and the public’s behavioral responses may differ by
their demographic and socioeconomic status [30]. Previous
studies have investigated the factors influencing adults
behavioral responses to the COVID-19 epidemic and reported
differential behaviors by socioeconomic status and gender
[17,31-33]. Therefore, investigating the disparitiesin children’s
behavioral responses and influencing factors would assist in
identifying the subgroups with the highest needs, and could
help in developing tailored interventions for children and
adolescentsto cope with theimpacts of COVID-19. In addition,
the COVID-19 epidemic and containment strategies were
somehow different in the epicenter and nonepicenters, and
comparison of prevention behaviors between the epicenter and
nonepicenters could help us understand the influence of
containment strategies with different degrees of severity.

Our study aimed to assess children’s and adolescents’ prevention
behaviors and factorsinfluencing their behavioral change amid
the COVID-19 epidemic in China, and to further explore the
disparities of behaviora changes among children and
adol escents based on parent-reported records.

Methods

Study Design

From March 12to 17, 2020, across-sectional online survey was
conducted in Wuhan (the epicenter) and Shanghai (a
nonepicenter) among parents with children aged 3 to 17 years.
During our survey period, both Wuhan and Shanghai
implemented the highest level of public health emergency
response, including stay-at-home orders, closure of shops and
schools, as well as suspension of mass gatherings [34]; as a
result, the number of new COVID-19 cases reduced to 5 or
lower in both cities. This study included children and
adolescents at all stages of education, from kindergarten through
high school, who were affected most by the school closure
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policy during the epidemic. During our survey period, children
and adolescents spent most of their time staying at home with
their parents, and all the personal prevention behaviors that we
measured—qgoing out, wearing of face masks, or
handwashing—happened during the city lockdown. Although
some parents resumed work in mid-February 2020 in Shanghai
and in mid-March 2020 in Wuhan, most parents worked from
home. Therefore, parents were children’s primary caregivers,
and parents’ recall bias may not have been a big issue that
affected the reliability of the measurement.

Our survey was operationalized by the ePanel data company
[35], which maintains a national online survey panel with
individuals phone numbers, email addresses, and basic
information. This survey panel included millions of residents
from major cities in China, including Shanghai and Wuhan.
Residents in the two cities were randomly selected from this
survey panel, and familieswith children aged 3to 17 yearswere
eligible to access the full survey. After accepting the survey
invitation, one parent with children aged 3 to 17 years would
provide informed consent and complete the questionnaire. In
China, most households had a single child because of the
one-child policy, especially in megacities such as Wuhan and
Shanghai. Even if some households had multiple children, one
parent was required to complete the questionnaire for only one
of their children in our survey. The questionnaire (Multimedia
Appendix 1) was pilot-tested with 30 participants who were
excluded from this analysis. In addition, proportional quota
sampling [36,37] was employed to ensure that respondentswere
demographically representative of the population according to
local census data [38]. The final sample size—around 800 in
each city—provided asampling error of 3%. Once the numbers
of survey respondents across children’s gender and age groups
were reached in the same proportions of the Wuhan census and
the Shanghai census, the predefined quota was then met and no
more sampling was conducted. The study was approved by the
Ingtitutional Review Board (IRB) of the School of Public Health,
Fudan University (IRB No. 2020-01-0801-S).

Between March 12 and 17, 2020, the survey was emailed to
73,000 residents in Wuhan and Shanghai, and 2960 (4.1%)
residents accepted the survey invitation (Multimedia Appendix
2). Intotal, 2065 residents had children aged 3to 17 years and
were eligible to participate in the study, of whom 410 residents
either did not finish or had missing data in their responses,
leaving data from 1655 respondents (816 in Wuhan [49.3%]
and 839 in Shanghai [50.7%]) in the final analytic sample.

M easures

This study classified the behaviors of interest among children
or adolescentsinto three categories: (1) public health prevention
behaviors (ie, mask-wearing, handwashing, self-monitoring of
COVID-19 symptoms, and socia distancing), (2) unproven
protection behaviors (ie, use of unproven or potentially harmful
treatments), and (3) vaccination behaviors (ie, influenza
vaccination and regularly scheduled vaccinations, but not
COVID-19 vaccination). These behaviorswere measured twice:
once during the COVID-19 epidemic and once before the
epidemic. Prevention behaviorswere measured by the frequency
of children or adol escents wearing masks when going out before
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and during the epidemic, the frequency and duration of washing
hands after coming home before and during the epidemic, and
the frequency of monitoring body temperature and going out
during the epidemic. This study used the monitoring of body
temperature to represent the behavior of self-monitoring of
COVID-19 symptoms, since fever is one of the main symptoms
of COVID-19. Unproven protection behaviors were measured
by the instances of buying or taking unproven herbal remedies
or garlic during the epidemic, which were believed to prevent
COVID-19 through rumors. Vaccination behaviors included
the delay of scheduled vaccinations, whether the parent was
informed about alternative vaccination arrangements during the
epidemic, and the receipt of the influenza vaccination in the
past and their future intentions after the epidemic.

Data about the characteristics of parents and children or
adolescents were also collected, including parents’ education
level, household size (ie, number of family members living
together), children’s or adolescents’ gender and age, and whether
there were confirmed or suspected COVID-19 cases in their
neighborhood. The questionnaire is included in Multimedia
Appendix 1.

Statistical Analysis

Descriptive analysis was used to investigate respondents
characteristics, public health prevention behaviors, unproven
protection behaviors, and vaccination behaviors before and
during the COVID-19 epidemic. Univariate analyses were
performed to compare differencesin outcome measures between
citiesand family characteristics, using chi-squaretests or Fisher
exact tests (if expected frequency was <5) for categorical
measures and analyses of variance for continuous measures.
Multivariate logistic regressionswere used to identify the factors
and disparities associated with prevention and vaccination
behaviors during the epidemic. Each of the following eight
behavioral indicators during the epidemic was modeled as a
dependent variable separately: (1) frequency of mask-wearing
(always vs not dways), (2) frequency of handwashing (always
vs not always), (3) duration of hand washing (<40 seconds vs
=40 seconds), (4) frequency of monitoring body temperature
(>3 times/week vs <3 times/week), (5) whether they went
outside or not, (6) whether they took unproven remedies or not,
(7) whether they delayed scheduled vaccinations or not, and (8)
whether they planned to receive the influenza vaccination or
not after the epidemic. Independent variablesin each regression
model included all available characteristics of the parents and
children or adolescents. The proportions and odds ratios (ORs)
with 95% Cls were reported. All statistical analyses were
performed using Stata 14.0 (StataCorp LP).

Results

Characteristics of Respondents

The sample characteristics are presented in Table 1. The gender
and age distributions of sampled children and adol escents were
smilar to the two cities censuses, indicating the
representativeness of our sample. Of 1655 respondents, 1077
(65.1%) were mothers of children and 1225 (74.0%) reported
obtaining bachelor’'s degrees or above; in addition, there were
an average of 3.5 (SD 1.30) members in the sampled families.
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(277/816, 33.9%) reported that there were confirmed or

characteristics between Wuhan and Shanghai. Due to the more  suspected COVID-19 cases in their neighborhood, compared

severe epidemic in Wuhan, more respondents in Wuhan

to those in Shanghai (88/839, 10.5%).

Table 1. Characteristics of respondents in Wuhan and Shanghai during the COVID-19 epidemic, March 2020.

Characteristic Total (N=1655) Wuhan (n=816) Shanghai (n=839) P value
Gender of child or adolescent, n (%) 752
Male 830 (50.2) 406 (49.8) 424 (50.5)
Female 825 (49.9) 410 (50.3) 415 (49.5)
Age of child or adolescent (years), n (%) 842
35 321 (19.4) 160 (19.6) 161 (19.2)
6-9 432 (26.1) 217 (26.6) 215 (25.6)
10-14 359 (21.7) 180 (22.1) 179 (21.3)
15-17 543 (32.8) 259 (31.7) 284 (33.9)
Respondent , n (%) 102
Mother of child or adolescent 1077 (65.1) 547 (67.0) 530 (63.2)
Father of child or adolescent 578 (34.9) 269 (33.0) 309 (36.8)
Education level of parent , n (%) 308
High school or below 103 (6.2) 45 (5.5) 58 (6.9)
Some college 327 (19.8) 170 (20.8) 157 (18.7)
Bachelor’s degree or above 1225 (74.0) 601 (73.7) 624 (74.4)
Household size, mean (SD) 3.5(1.30) 3.5(1.26) 35(1.34) 3gb
COVID-19 casesin neighborhood , n (%) <.0012
Yes 365 (22.1) 277 (33.9) 88 (10.5)
No or unclear 1290 (78.0) 539 (66.1) 751 (89.5)

P value was calculated from a chi-square test.
bp value was calculated from an analysis of variance.

Prevention and Vaccination Behaviors Among
Children and Adolescents During the Epidemic

Figure 1 and Table 2 describe prevention behaviors, unproven
protection measures, and vaccination behaviorsamong children
and adolescents before and during the COVID-19 epidemic.
Only 46.9% (776/1655) of children or adolescents went out
sincethe beginning of the epidemic (Table 2). Therewere 82.2%
(638/776) of children or adolescents who aways wore masks
when going out during the epidemic compared with 31.5%
(521/1655) before the epidemic (Figure 1). Primary reasonsfor
not always wearing masks during the epidemic included having
no masks (61/144, 42.4%), children and adolescents thinking

https://publichealth.jmir.org/2021/5/€26372

mask-wearing was unattractive or uncomfortable (41/144,
28.5%), and parents thinking mask-wearing had limited
protective effect (37/144, 25.7%) (Table 2). During the
epidemic, both the frequency and duration of handwashing after
coming home increased significantly among children or
adolescents (Figure 1), with 25.0% (414/1655) and 79.8%
(1321/1655) having increased the frequency and duration of
handwashing, respectively. During the epidemic, 57.5%
(952/1655) of families monitored children’s or adolescents
body temperature more than 3 times each week (Table 2). There
were 56.1% (928/1655) of families who bought or took
unproven herbal remedies, and 30.3% (501/1655) took garlic,
asaresult of arumor that it was protective (Table 2).
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Figure 1. Comparison of prevention behaviors among children and adolescents in Wuhan and Shanghai before and during the COVID-19 epidemic,

March 2020.
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Among 626 children or adolescentswith schedul ed vaccinations,
468 (74.8%) delayed vaccination, of whom 70.1% (328/468)
delayed more than 2 weeks and 55.6% (260/468) were worried
about vaccination delay (Table 2). A total of 90.9% (569/626)
of parentsreported being informed about alternative vaccination
arrangements during the epidemic. During the 2019 flu season,
54.7% (905/1655) of families had taken their children or
adolescents to receive the influenza vaccination, and 80.9%
(1339/1655) of parents intended to vaccinate their children or
adolescents against influenza in the future after the epidemic,
arate much higher than that before the epidemic (Table 2).

Findings of univariate analysis between Wuhan and Shanghai
are shown in Table 2 and by respondents’ characteristics in

https://publichealth.jmir.org/2021/5/€26372
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Multimedia Appendix 3. In comparison with the Shanghai
sample, parents in Wuhan were significantly more likely to
monitor body temperature of their children or adolescents, and
their children were less likely to go out during the epidemic.
Therewas no significant differencein taking unproven remedies
or garlic to prevent COVID-19 between the two cities. More
children and adol escentsin Wuhan had delayed their scheduled
vaccinations and delayed for a longer time than those in
Shanghai, but a similar proportion of parents in the two cities
expressed concerns about the delay and were informed of
alternative vaccination arrangements. In addition, there were
no significant differences in parents future intentions to
vaccinate their children against influenza after the epidemic
between the two cities.
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Table 2. Prevention, unproven protection, and vaccination behaviors among children and adolescents in Wuhan and Shanghai during the COVID-19
epidemic, March 2020.

Prevention, unproven protection, and vaccination behavior Total (N=1655),n  Wuhan (n=816), n Shanghai (n=839), P value
(%) (%) n (%)

Public health prevention behavior

Frequency of child or adolescent going out during the epidemic <0012
Never 879 (53.1) 479 (58.7) 400 (47.7)
<1 time/week 505 (30.5) 229 (28.1) 276 (32.9)
1-2 times/week 220 (13.3) 93 (11.4) 127 (15.1)
3-5 times/week 47 (2.8) 13(1.6) 34 (4.1)
Nearly everyday 4(0.2) 2(0.3 2(0.2)
Reasons for child or adolescent not always wearing a mask when going out during the epidemic (n=l44)b 642
They had no masks 61 (42.4) 21(39.6) 40 (44.0)
Child or adolescent thought mask-wearing was unattractive 26 (18.1) 10 (18.9) 16 (17.6)
Child or adolescent thought mask-wearing was uncomfortable 15 (10.4) 4 (7.6) 11 (12.1)
Parent thought masks had limited protective effects 37 (25.7) 17 (32.1) 20 (22.0)
Parent thought the epidemic was not severe 5(3.5) 1(1.9) 4(4.4)
Frequency of monitoring body temperature of child or adolescent during the epidemic <.001¢
Never 120 (7.3) 27(3.3) 93 (11.1)
<1 time/week 264 (16.0) 106 (13.0) 158 (18.8)
2-3 times/week 319 (19.3) 125 (15.3) 194 (23.1)
4-5 times/week 366 (22.1) 209 (25.6) 157 (18.7)
6-7 times/week 586 (35.4) 349 (42.8) 237(28.3)
Unproven protection behavior
Family members bought or took unproven herbal remediesto prevent 928 (56.1) 451 (55.3) 477 (56.9) 52C
COVID-19
Family members took unproven garlic remedy to prevent COVID-19 501 (30.3) 252 (30.9) 249 (29.7) 50°

Vaccination behavior

Delayed the scheduled vaccinations for child or adolescent during the 468 (74.8) 239 (78.6) 229 (71.1) 03¢
epidemic (n=626)°

How long child or adolescent vaccination was delayed during the epidemic (n=468)b .03°
<2 weeks 140 (30.0) 68 (28.5) 72 (3L4)
2 weeksto 1 month 143 (30.6) 86 (36.0) 57 (24.9)
>1 month 185 (39.5) 85 (35.6) 100 (43.7)
Parent was worried about the delay of child or adolescent vaccination 260 (55.6) 140 (58.6) 120 (52.4) 18°
(n=468)°
Parent was informed of aternative vaccination arrangementsduring 569 (90.9) 282 (92.8) 287 (89.1) 11°
the epidemic (n=626)°
Child or adolescent had received influenza vaccination in 2019 flu 905 (54.7) 467 (57.2) 438 (52.2) 04°
season
Planned to vaccinate child or adolescent against influenza after the 1339 (80.9) 655 (80.3) 684 (81.5) 52¢
epidemic

3P value was calculated from a Fisher exact test.
P These questions were only asked based on the response to a prior question, and the total number of respondents was marked separately.
P value was calculated from a chi-square test.
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Factors Associated With Prevention and Vaccination
Behaviors Among Children and Adolescents During
the Epidemic

Table 3 presents the factors associated with children’s
prevention and vaccination behaviors during the epidemic using
multivariate logistic regressions. This analysis showed that
during the epidemic, children or adolescents in Shanghai,
compared to Wuhan, were more likely to go outside (OR 1.56,
95% Cl 1.26-1.92), less likely to monitor body temperature
more than 3 times per week (OR 0.42, 95% CI 0.34-0.52), and
less likely to delay scheduled vaccinations (OR 0.60, 95% Cl
0.40-0.88). The education level of parents was significantly
associated with prevention, unproven protection, and vaccination
behaviors, with negative associations with the prevalence of
going outside and taking unproven remedies and positive
associations with other behaviors. Specifically, children and
adolescents whose parents had lower education levels were
more likely to go outside and take unproven remedies, and they
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were less likely to wear masks, wash hands, and monitor body
temperature during the epidemic. Their parents were also less
likely to delay scheduled vaccinations during the epidemic and
had lower intentions of having their children receive the
influenza vaccination after the epidemic, compared to children
and adolescents whose parents had higher levels of education.
During the epidemic, children and adolescents from larger
families were more likely to go outside and take unproven
remediesaswell, whilethey werelesslikely to wash their hands
for 40 seconds or more or take their body temperature more
than 3 times per week. Girlswerelesslikely to wear masks (OR
0.61, 95% CI 0.41-0.91) or wash their hands (OR 0.64, 95% ClI
0.45-0.90) than boys during the epidemic. Children's and
adolescents' ages were significantly and negatively associated
with the taking of unproven remedies and intentions to receive
the influenzavaccination after the epidemic. Having afather or
mother as their caregiver and COVID-19 prevalence in their
neighborhood also influenced some preventive behaviors of
children and adol escents.

JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 [e26372 | p.28
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Hou et al

Table 3. Factors associated with prevention, unproven protection, and vaccination behaviors among respondents in Wuhan and Shanghai during the

COVID-19 epidemic by multivariate logistic regression, March 2020.

Characteristic Public health prevention behavior, OR? (95% CI) Unprovenpro-  Vaccination behavior, OR
tection behav-  (95% ClI)
ior, OR (95%
Cl)
Alwayswear Always Wash hands Monitor body  Gooutside Take un- Delay sched- Plan influenza
amask washhands 240 seconds temperature>3 (N=1655) provenreme- uledvaccina vaccination af-
(n=776) (n=774) (N=1655) times/week dies(N=1655) tion (n=626) ter epidemic
(N=1655) (N=1655)
Shanghai (ref® Wuhan) 0-69 1.09 0.84 0.42+* 1.56** 116 0.60%* 122
(0.46-1.04)  (0.77-1.55) (0.68-1.04)  (0.34-0.52) (1.26-1.92) (0.94-1.43)  (0.40-0.88)  (0.93-1.59)
Education of parent (ref: bachelor’s degree or above)
Some college 0.42** 0.37+* 0.75* 0.55** 146+ 1.30* 0.75 0.51+*
(0.27-0.64)  (0.26-0.55) (0.58-0.98)  (0.42-0.71) (1.13-1.88) (1.01-1.69)  (0.46-1.21)  (0.37-0.69)
High school or be-  0.30%* 0.19** 0.93 0.47** 1.66* 112 0.30** 0.63
low (0.17-055)  (0.11-0.33) (0.60-1.42)  (0.30-0.71) (1.08-2.53) (0.73-1.70) (0.15-059) (0.38-1.05)
Household size 0.96 1.01 0.89* 0.83+* 127+ 119+ 1.10 1.02
(0.87-1.06) (0.91-1.11) (0.80-0.99) (0.75-0.93) (1.13-143) (1.06-1.34)  (0.96-1.26)  (0.92-1.13)
Femalechild or adoles-  0.61* 0.64* 123 122 1.01 0.96 110 0.79
cent (ref: male) (0.41-091) (0.45-0.90) (0.99-151) (0.99-1.51) (0.82-124) (0.78-1.18)  (0.75-1.63) (0.61-1.04)
Age of child or adolescent (years) (ref: 3-5 years)
6-9 1.02 161 0.56** 0.89 112 0.71* 1.90** 0.87
(0.60-1.74)  (0.98-2.67) (0.41-0.76)  (0.65-1.21) (0.83-151) (0.52-0.97)  (1.19-3.05) (0.55-1.37)
10-14 121 1.37 1.00 0.72* 0.81 0.63** 1.92* 0.56*
(0.65-2.24)  (0.79-2.37) (0.74-1.37)  (0.52-0.99) (0.59-1.12) (0.46-0.87)  (1.04-355) (0.36-0.87)
15-17 1.65 1.15 1.10 1.03 1.28 0.49** 1.32 0.33**
(0.96-2.82) (0.72-1.82) (0.83-1.46) (0.77-1.38) (0.96-1.70) (0.37-0.66) (0.80-2.19)  (0.22-0.50)
Father respondent (ref:  0.92 0.78 1.40* 0.75* 192+ 119 115 0.56**
mother) (0.61-1.37)  (055-1.12) (1.12-1.74)  (0.60-0.94) (1.55-2.39) (0.96-1.48)  (0.76-1.75)  (0.43-0.73)
COVID-19casesin 127 2.16** 122 119 1.09 1.46** 0.74 131
neighborhood (0.77-210)  (1.35-3.44) (0.95-157) (0.92-1.55) (0.84-1.40) (1.13-1.89)  (0.48-1.15)  (0.94-1.83)
Receivedinfluenza  pyAC N/A N/A N/A N/A N/A N/A 2.05+*
vaccination in 2019 (1.57-2.67)
Season
30R: odds ratio.

bref: reference.

°N/A: not applicable; this item was only applicable to the vaccination behavior plan influenza vaccination after epidemic.

*P<.05.
**P<.01.

Discussion

Principal Findings

This study provides evidence regarding the change of public
health prevention behaviors, unproven protection behaviors,
and vaccination behaviors among children and adolescents amid
the COVID-19 epidemic in China. Inthisonline survey of 1655
parentswith children aged 3to 17 yearsin Wuhan and Shanghai,
there was an increase in the frequency of prevention behaviors
and unproven protection behaviors, as compared with the
pre-epidemic time. We documented the parent-reported delay
of scheduled vaccinations and their intention to receive the
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influenza vaccination after the epidemic. This study also
observed disparitiesin prevention behaviors, unproven remedies
taken, and vaccination behaviors by child gender, parental
education attainment, and family size.

This study found prevention behavior changes among children
and adolescents (ie, increasing frequencies of mask-wearing
and self-monitoring of COVID-19 symptoms, an increasing
frequency and duration of handwashing, and a decrease in the
frequency of going outside during the COVID-19 epidemic).
The increasing frequency of washing hands and mask use was
consistent with previous studies in Europe and North America
[17,39]. On the other hand, few previous studies compared the
prevalence of mask use, symptom self-monitoring, and going
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outside during and before the epidemic. The mask-wearing
mandate has been proven to be associated with mitigating the
spread of COVID-19 [10,11]. Previous studies aso provided
evidence that the shutdown policy was associated with delaying
the COVID-19 epidemic in other cities and with reductionsin
total incidence [34,40]. Thus, it is of great importance to
maintain the recommendation of prevention behaviors, which
will warrant maintenance of the existing strategies to protect
children and adolescents from the transmission of COVID-19.
It is worth noting that this study was conducted in mid-March
2020, when China was going through a period of critical
shortages of personal protective equipment; thus, the observed
insufficient protection for children and adolescents may be
closely related to the limited supply of personal protective
equipment. Additionally, for theimplementation of the mandate,
we need to be aware that children’s adherenceis usually lower
than that of adults, and their willingness should be taken into
consideration, specificaly [15]. As reported in this study,
besidesthe primary reason of lack of accessto masks, the other
reason for children and adolescents’ lack of compliance with
the mask mandate could betheir reluctance. Thus, it is necessary
to abtain children’s cooperation with the help of their parents
and to adopt other measures simultaneoudly, such as staying at
home and keeping social distance, if children’scompliancewith
the mask mandate is too difficult to achieve [15].

Our findings about unproven protection behaviors showed that
over half of the families bought or took unproven herbal
remedies. Since disease incidence and mortality are increasing
globally during the COVID-19 epidemic, using unproven
remedies is an understandable temptation [41]. VYet,
misinformation related to these therapies has spread online at
a surprising rate during the epidemic, which has a negative
impact on controlling the transmission of COVID-19 [20] and
could ultimately result in poor health outcomes among
individuals[42]. Thus, to detect and debunk misinformation or
anecdotal information, multisectoral efforts are needed from
public health stakeholders, such as social media, health care
professionals, or experts. Decision makers should also help
regulate relevant law enforcement to ensure that accurate
information on COVID-19 is provided.

This study also found a delay in the use of vaccines during the
epidemic but an increase in the demand for influenza
vaccination, which might be an indirect consequence of the
shutdown policy. All vaccinations were expected to be delayed
due to the closure of vaccination clinics and risk of COVID-19
infection, regardless of whether they were covered by the
National Immunization Program in China, aprogram that aims
to provide free immunization services for Chinese children. A
notable decline in childhood vaccination was also observed in
the United Kingdom, Ireland, the United States, and globally
[43-45]. Delaying vaccination appears to signal that there may
be a spike in demand for vaccines immediately after the
COVID-19 epidemic [12]. Parents may still worry about the
risk of getting COVID-19 when going out or in a crowded
vaccination clinic, and are hesitant to get their children
vaccinated. In addition, COVID-19 aso increased people’s
attention toward influenza vaccination, and, as reported in the
Results section, 80.9% of parents planned to have their child

https://publichealth.jmir.org/2021/5/€26372

Hou et al

receive the influenza vaccination after the epidemic. In China,
wheretheinfluenzavaccination rate has been |ow—29.4% among
the general population—compared with other countries [46],
thisincreasein demand for influenza vaccinations could be one
of the unexpected beneficial consequences of the COVID-19
epidemic. This means that, at least in Shanghai and Wuhan,
there will be a dramatic increase in the utilization of influenza
vaccination, which reminds the vaccination providersto prepare
for and store more vaccine doses. Since September 2020, China
has seen a great demand for, and a shortage of, influenza
vaccination. In the long run, since the increase in demand for
vaccinations may be sustained beyond the COV ID-19 epidemic,
the government should devel op a sustainable and effective plan
for pediatric vaccine schedules.

The disparitiesin prevention and vaccination behaviors existed
among children and adolescents by child gender, parental
education attainment, and family size. Girls wore masks and
washed hands at significantly lower frequencies than boys
during the epidemic, but no significant differences by gender
were found for other prevention behaviors. The children and
adolescents who had parents with lower education levels and
who came from larger families were more likely to have used
unproven remedies and less likely to have exhibited the
recommended prevention behaviors. First, it is worth noting
that the findings of lessfrequent mask-wearing and handwashing
among girlswere oppositeto the findings among adults, wherein
female adults wore masks and washed hands at higher
frequencies[16,18,19]. Girlsat those ages might have concerns
about how they are looked at by others and their body size,
shape, or weight [47,48]. Hence, the low frequency of
mask-wearing among girls may be due to their concerns about
appearance. Second, the findings regarding behavior disparities
as afunction of parental education attainment were consistent
with previous studies, which explained thisresult as an increased
awareness of perceived susceptibility and severity of disease
[33]. Parents with higher educational attainment may have a
better understanding of the effectiveness, perception, and
guidance of public health prevention behaviors[49]. Third, the
behavior disparity regarding unproven remedy use asafunction
of household size may have resulted from a higher risk of
exposure to misinformation, as people living in larger
households could experience a higher probability of exposure
to misinformation and spread it to other family members. In
addition, given that the average number of family membersin
the recruited families in this study was 3.5, our study sample
may include children who live with grandparents. Since the
elderly have been more inclined to share misinformation
compared to younger adults [50], larger families with
grandparents have been more likely to take unproven remedies.
Thus, more attention is needed regarding health education for
girls under the context of an epidemic, and public health
stakeholders should tailor expanded multisectoral efforts to
children and adolescentsliving in larger familieswhose parents
have lower educational levels.

Limitations

Thisstudy is subject to several limitations. First, the results may
be affected by selection bias from an online survey. While
almost all families have accessto the internet or atelephonein
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Wuhan and Shanghai [51], and quota sampling enhanced the
representativeness of our sampleto minimize selection bias, we
are aware that our sampleis not a probabilistic random sample
of residents from the two cities. Similar to other online surveys
[52], the response rate was below 10% in our study. Second,
there may be recall bias due to the self-reported data. Since we
conducted the survey while most children and adolescentswere
still staying at home with their parents, recall bias might be
limited as we were measuring ongoing behavioral patterns.
Meanwhile, while the anonymous survey addressed the concern
of reporting bias regarding sensitive information, social
desirability bias could dtill exist to affect the reporting of
behaviorsthat have been mandated by the government. Finally,
since our survey took place in mid-March 2020, the results of
thisstudy may be applicableto the early phase of the COVID-19
outbreak. As the COVID-19 pandemic was initialy under
control in China at that time, this study may have limited
significance for current prevention. In addition, the behaviors
performed and measures taken by parents were not reflected in

Hou et al

this paper. As the epidemic evolves, we plan to conduct
follow-up surveys to study the long-term behavioral changes
among children and their parents. A better understanding of
how the epidemic affects the behaviors of children and their
parents can help guide future prevention strategies.

Conclusions

During the COVID-19 epidemic, children and adolescents
improved in their prevention behaviors and attitudes toward
influenza vaccination. Public health prevention measures should
be continuously promoted, particularly among girls, parents
with lower educational attainment, and larger families.
Misinformation about COVID-19 remains a serious challenge
and needs to be addressed by public health stakeholders. In
addition, the epidemic led to a serious delay of regular
vaccination services yet increased the willingness to get the
influenza vaccination; thus, it is vital to ensure a sufficient
supply of different kinds of vaccines to meet the surging
vaccination need after the pandemic [53].
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Abstract

Background: Beekeeping and honey gathering are traditional forms of agricultural farming in China. However, only few studies
have focused on the nutritional status and health level of this special occupational group.

Objective: By comparing the health status of apiculturists (beekeepers) and vegetable farmersin plain areas of Hubei Province,
and analyzing the influence of dietary structure and intake on their nutritional level, this paper provides a scientific theoretical
basis for the further development of health education and disease prevention for beekeepers.

Methods: From February to April 2016, 191/236 beekeepers (80.9% of the total beekeepers) with large-scal e breeding (300-500
colonies) and 182 vegetable farmersin the same area were sampled by the cluster sampling method. Their nutrient composition
was analyzed using a human body composition analyzer, dietary structure information was collected using the dietary frequency
guery method, and cognitive function was investigated. In addition, blood samples of both groups were collected.

Results: A total of 362 valid questionnaires (beekeepers/vegetable farmers: 185/177) were collected, with an effective response
rate of 97.1% (362/373). Both beekeepers and vegetable farmers were overweight, and the beekeepers’ grip strength was much
stronger than that of the vegetable farmers' regardiess of gender. The dietary structure of beekeepers is very unique: 29.7%
(55/185) of beekeepersindicated consuming royal jelly regularly for more than 10 years. Their main foods are grain, cereals, and
fresh vegetables; 68.1% (126/185) of the beekeepers never drank milk and other dairy products, and their overall nutrient intake
isunbalanced. The average intake of cellulose in this group was also significantly higher than that in the epidemiological survey
in the same sex and age group. The intake of vitamin A and selenium in the beekeepers group was significantly higher than that
in the vegetable-farmers group (all P<.001). The blood indices of creatinine (P=.03) and blood copper (P<.001) in the beekeepers
group were significantly higher than those in the vegetable-farmers group, and the total protein, albumin, calcium, sodium,
potassium, phosphorus, folic acid, and vitamin B12 in the beekeepers group were significantly lower than those in the
vegetable-farmers group (P<.03 for potassium and P<.001 for others). The total Mini-Mental State Examination (MM SE) score
of the beekeepers group was 28.1, significantly higher (P=.006) than that of the vegetable-farmers group (23.3).

Conclusions: The beekeepers in this area have their specia dietary structure, body nutrient level, and disease characteristics.
The cognitivelevel of the beekeeperswho regularly consumeroyal jelly issignificantly higher than that of their peers. The chronic
diseases of thisspecial occupational group are closely related to their lifestyle and nutritional status, so more attention and in-depth
studies are needed to improve the quality of life of this population.
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Introduction

Chinaisatraditional beekeeping country, and hasalong history
of beekeeping. According to the statistics of the World Food
and Agriculture Organization, in 2011, China was ranked
number 1 in the world in terms of the number of bee colonies
and the number of apiculturist practitioners. The country isalso
ranked number 1 in the production and export of bee products
[1]. Bee products can be divided into 3 categories according to
their formation and source: (1) products from bees (eg, honey,
propolis, bee pollen); (2) bee secretions (eg, royal jelly, beeswax,
bee venom); and (3) bodies of various insect states grown and
developed by bees, such as bee pupae and bee larva, which are
used as food accompaniment, bubble liquor, or processed into
dry powder (capsules) [2]. Honey is produced by bees in
honeycomb from nectar acquired from flowering plants. It is
produced by worker bees through the action of amylase in
sdlivary glands, and its main components are carbohydrates,
proteins, minerals, vitamins, and phenols [3]. Royal jelly isa
honey bee secretion used in the nutrition of larvae and adult
queens. It is secreted by the hypopharyngeal glands and
mandible glands of worker bees. Its activeingredients are more
complex, among which 10-hydroxy-2-decenoic acid (10-HDA)
isaunigque unsaturated fatty acid, also known asroyal jelly acid,
which plays an immunosuppressive role by inhibiting the
proliferation of splenic T cells and reducing the production of
interleukin (1L)-12 by splenic dendritic cells[4].

Royal jelly protein is one of the important biologically active
components during the development of queen bees, which can
in vitro promote the expression of superoxide dismutase-1
(SOD1), and has an antiaging effect on human embryonic lung
fibroblast (HFL-I) [5]. In addition, 3,10-dihydroxy decanoic
acid, afatty acid isolated from royal jelly, promotes I1L-12 and
IL-18, and inhibits1L-10, affecting the maturation and function
of human monocyte—derived dendritic cells, contributing to the
imbalance of antitumor and antiviral immune responses [6].
Other active ingredients, such as polypeptides, vitamins,
flavonoids, and phytochemicals, can not only affect the cell
metabolism process, but also provide important raw materials
for the brain to synthesize glial cells, and also play a certain
rolein tissue damagerepair [ 7]. However, most of the aforesaid
studies are either animal experiments or in vitro cell
experiments, and thereisno clear medical evidence on whether
royal jelly has an antidisease role after ingestion and how it is
absorbed and utilized by the human body.

Hubei Provinceislocated in the south of Central Chinaand its
middle region expands up to the Yangtze River. It is mainly
distributed in the western mountainous area and the central and
eastern plains. The climate is subtropical monsoon, with
abundant heat and rainfall, sufficient illumination, distinct 4
seasons, and along frost-free period [8]. In the plains, rapeseed
and other cropsare planted in alarge area, and there are seasonal
plantsthat provide aplentiful source of nectar, whichiscollected

https://publichealth.jmir.org/2021/5/€28726

by honeybees [9]. The region has along history of beekeeping
which is handed down from one generation to another. It isa
typical beekeeping province. In 2019, the total number of
beekeeping coloniesin Hubel Province was nearly 768,000. It
is also the main province for processing and exporting bee
products, with the intensive processing enterprises of bee
products in Wuhan as the center, forming a sound production,
processing, and marketing management system [9]. Huangpi
District belongs to 1 of the 6 remote urban districts of Wuhan
City, Hubel Province. Sanligiao Street islocated in the southern
lakeside area of the district, where the cultivated land is deep,
the soil isfertile, and the drainage and irrigation conditions are
favorable. A number of farmers are converting the land to grow
vegetables, which hasbecomethe “ vegetable basket” of Wuhan
citizens [10].

The author’steam found in the preliminary survey that because
of the easy accessibility of work, more than half of the
population regularly consumeroyal jelly. To explore the effects
that differences in lifestyle and dietary structures have on the
health status, this study compares beekeepersin Huangpi district
with other regional vegetable farmers. Variables such asdietary
structure, body composition, hematology indices, cognitive
factors, and nutrition levelswere compared and analyzed. This
study provides the theoretical basis for health education and
disease prevention for beekeepers’ community.

Methods

Survey Participants

This study adoptsthe method of cluster sampling, from February
to April 2016. The study site is Huangpi district in Wuhan. A
total of 191/236 beekeepers (80.9% of the total beekeepers)
with large-scal e breeding (300-500 colonies) and 182 vegetable
farmersin the same areawere sampled by the cluster sampling
method. All participants were administered different
guestionnaires to collect demographic and nutritional
information and underwent aphysical examination to understand
their current health status. A total of 362 questionnaires were
collected (beekeepers group: 185; vegetable-farmers group:
177). The effective response rate is 97.1% (beekeepers group:
185/191, 96.9%; vegetable farmers group: 177/182, 97.3%).
The criteria for inclusion were large-scale beekeeping with at
least five years of practice, and no serious illness or
communication problems. Informed consent wasreceived from
all participantsin this study, and the consent form was signed.

Survey Contents and M ethods

Demographic | nformation

Data on age, gender, education level, years of roya jelly
consumption, disease history (including self-reported disease
history of respondents and diagnosis records of community
health service centers/township health centers or medical and
health institutions), and activities were collected.
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Body Composition Analysis

The analysis was performed using the Eco [-BCA10 body
composition analyzer (Beijing Siha Huachen Science and
Technology Co., Ltd.), and included physical examination of
the participants (measurement of height, weight, waist
circumference, hip circumference, grip strength, fatlessweight,
body fat percentage, bone mass, and muscle mass). Because of
gender differences in body composition and grip strength, an
intergroup comparison was conducted on the physical
examination results of the beekeepers group and the
vegetable-farmers group after adjusting gender factors.

Blood | ndex Test

For this purpose, whole blood samples from both groups were
collected and stored at 4°C, and samples were sent to the
Laboratory of Peking University People's Hospital for unified
testing within 1 week. Indicators included biochemical whole
items (blood lipid, liver and kidney function, blood glucose,
electrolytes, etc.), trace elements (iron, magnesium, copper,
zinc), ferritin, folic acid, vitamin B12, and homocysteine.
Ferritin, folic acid, and vitamin B12 were detected by a Roche
E601 immunoanalyzer; trace elements by a Beckman AU5800
biochemical analyzer, and other indices by a Hitachi LST008
biochemical analyzer. The reagents were all tested using the
original detection reagents by matching with the corresponding
model.

Dietary Survey
The respondents were interviewed face to face by using a
simplified version of the Food Frequency Inquiry questionnaire.

The content of the questionnaire included the frequency and
amount of food consumed (Multimedia Appendix 1).

Cognitive State | nvestigation

The Mini-Mental State Examination (MM SE) was devel oped
in 1975, and isastandardized tool to rapidly screen individuals
for cognitive dysfunction [11]. It includes 11 questionsinvolving
orientation, attention, immediate and short-term recall, language,
and the ability to follow simple verbal and written commands.
Thetotal scoreis30 points, and it takes only about 5-10 minutes
to administer.

Data Collection and Statistical M ethods

Data Types

Descriptive  epidemiological  analysis methods include
calculation rate, mean, etc. A P value of less than .05 indicates
statistically significant differences. Among them, quantitative
data such aswaist circumference, bone mass, and grip strength
(part of the physical examination index) after gender
discrimination met the normal distribution and homogeneity of
variance. Two independent samplest test (unpaired) were used
to compare the differencesin continuous variabl es between the
beekeepers group and the vegetabl e-farmers group, whereasthe
chi-square test was used to compare the dichotomous variabl es.
Blood index results (biochemical wholeitems, serum vitamins,
and minerals, etc.) and cognitive function survey results were
also compared using 2 independent samples t test (unpaired)
without gender discrimination, and cognitive function
differences were compared using regular intake of royal jelly
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asagrouping variable. To estimate food consumption frequency
and intake, the recommended amount based on the Chinese
balanced diet pagodawastaken asthe standard [12] and itslevel
was compared with the corresponding reference value. The data
were statistically analyzed using SPSS software (version 26.0;
IBM), and EpiData software (version 3.2; Pascal) was used to
establish adatabase for all the collected questionnaire responses
and a parallel double entry was performed. MATLAB R2021
(MathWorks) was used to produce the volcano plot. The
dimension reduction method principal component analysiswas
applied to reduce the dimensionality of the blood index data
set, while retaining most of the information.

Calculation of Daily Food I ntake

The average daily intake of various kinds of food for each
respondent in the past year was calculated according to the
intake frequency and the amount of each intake. The basic
formulais given asfollows:

Food intake (g/day) = { intake frequency [times]/week
x intake amount (g)}/7 days.

Calculation of Daily Nutrient Intake

Based on the Chinese Food Composition List 2009 (2nd Edition)
compiled by the Nutrition and Food Safety of Chinese Center
for Disease Control and Prevention [13], the average value of
nutrients contained in the same category of food was taken to
compile a food composition table, based on which the daily
nutrient intake of each survey participant could be cal culated.
The formulais asfollows:

Daily nutrient intake (g/day) = (food intake [g/day]
x nutrient content in the cluster food composition
table)/100 g.

Ethical Statement

This study passed the ethical review of the Medical Ethics
Committee of Peking University People's Hospital (Approval
Number: 2016PHB111-01). Theresearch participants have been
compensated with all tests free of charge and there were also
gift compensations for daily supplies.

Results

General Results

There were 185 dligible individuals in the beekeepers group
and 177 eligible individuals in the vegetable-farmers group.
The smoking and drinking rates in the beekeepers group were
higher than those in the vegetable-farmers group. More than
half of the beekeepers have been consuming royal jelly for a
long time or intermittently (55/185 beekeepers [29.7%]
consumed royal jelly at least once aday for morethan 10 years).

The prevalence of hyperlipidemia, stroke, and cardiovascular
disease in the vegetable-farmers group was higher than that in
the beekeepers group, and the prevalence of cardiovascular
diseasein the vegetable-farmers group (22/177, 12.4%) was 2.1
times higher than that in the beekeepers group (11/185, 6.0%).
By contrast, the prevalence of hypertension and chronic gastritis
was higher in the beekeepers group than that in the beekeepers
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group. Table 1 compares genera results and the disease
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preval ence between the 2 groups.

Table 1. General results and disease prevalence rate between the beekeepers group and the vegetable-farmers group, sampled from Wuhan, China,

between February and April 2016.

Characteristic Beekeepers group (n=185)  Vegetable-farmersgroup (n=177) P value
Male, n (%) 124 (67.0) 85 (48.0) <.001
Female, n (%) 61(33.0) 92 (52.0) <.001
Mean (SD) age (years) 63.7 (7.9) 61.1(9.8) .39
Mean (SD) years of education 6.5(0.8) 6.2(0.8) .28
Smoking, n (%) 62 (33.5) 45 (25.4) .09
Drinking, n (%) 36 (19.5) 17 (9.6) .008
Royal jelly consumption, n (%) 101 (54.6) 5(2.8) <.001
Hypertension, n (%) 80 (43.2) 70 (39.5) 48
Hyperlipidemia, n (%) 11 (5.9) 20(11.3) .07
Cardiovascular disease, n (%) 11 (5.9) 22 (12.4) .03
Stroke, n (%) 15(8.1) 21 (11.9) 23
Chronic gastritis, n (%) 40 (21.6) 25(14.1) .06

Physical Examination Results

The hand grip strength of the beekeepers was much stronger
than that of the vegetable farmers in both genders. Other
physical examination indicators, such as height, weight, waist

circumference, hip circumference, body fat percentage, and
bone mass, were not significantly different between the 2 groups
(Table 2). The P values have been adjusted by false-discovery
rate (FDR).

Table 2. Physical examination results of the beekeepers group and the vegetable-farmers group, sampled from Wuhan, China, between February and

April 2016.
Characteristic Male Female
Beekeepers Vegetable-farmers  p 4 ,e? Beekeepers Vegetable-farmers  p 4 ,e?
group (n=124)  group (n=85) group (n=61) group (n=92)
Height (cm), mean (SD) 166.1 (5.0) 165.4 (6.4) 76 154.9 (5.0) 154.4 (5.8) 84
Weight (kg), mean (SD) 67.9 (8.7) 65.2 (9.3) 76 59.4 (8.2) 59.1 (9.4) 84
BMI (kg/m?), mean (SD) 24.6(27) 23.8(27) 76 247 (3.3) 24.7 (3.5) 54
Hip circumference (cm), mean (SD) 95.6 (4.7) 94.4 (9.5) .48 95.7 (6.0) 97.1(7.0) .64
Fat-free mass (kg), mean (SD) 52.5 (5.6) 50.8 (9.3) 70 39.4 (5.4) 39.7 (5.9) 78
Waist circumference (cm), mean (SD) 85.7 (7.7) 86.2 (9.3) .86 84.3(8.5) 88.3(8.1) .84
Body fat rate (%), mean (SD) 21.4(6.0) 19.7 (7.0) 48 32.4(6.6) 32.3(6.8) 78
Bone mass (kg), mean (SD) 2.8(0.3) 2.8(0.8) .86 2.1(0.3) 2.2(0.3) .84
Muscle mass (kg), mean (SD) 49.8 (5.4) 492 (5.7) 86 37.3(5.2) 37.4(4.5) 84
Grip strength (kg)
Dominant hand, mean (SD) 24.2 (2.6) 10.6 (4.8) <.001 20.9 (3.8) 10.2 (4.0) <.001
Nondominant hand, mean (SD) 23.6 (2.7) 10.3 (4.8) <.001 19.1 (4.4) 9.5(3.7) <.001

8Fal se-discovery-rate adjusted P values; P values were obtained from t test.

Blood Index Results

The main biochemical indices of the 2 groups were normal.
Among them, the creatinine (P=.03) and uric acid (P=.02) levels
of the beekeepers group were significantly higher than those of
the vegetable-farmers group, and the total protein (P=.001) and
albumin (P<.001) levels of the beekeepers group were
significantly lower than those of the vegetable-farmers group.

https://publichealth.jmir.org/2021/5/€28726

The results of serum vitamins and mineralstest showed that al
indices of the 2 groups were normal. Among them, the blood
copper level in the beekeepers group was higher than that inthe
vegetable-farmers group, whereas cal cium, sodium, potassium,
phosphorus, folic acid, and vitamin B12 were lower than those
in the vegetable-farmers group, and the differences were
statistically significant (P<.03 for potassium and P<.001 for all
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others). Table 3 lists the main blood index results from both
groups. Figure 1 isthe volcano plot of the comparative results,
showing the relative difference of each index between the 2
groups. We obtained the spread of points (beekeepers vs
vegetable farmers) along the first 3 principal componentsin a

Table 3. Main blood indices of beekeepers and vegetable farmers, sampled from Wuhan, China, between February and April 2016.

Wang et al

principal component analysis plot (Figure 2). Thisresult shows
that beekeepers have a much closer spread of points compared
with vegetable farmers, which indicates that the blood indices
of beekeepers are similar, whereas those of vegetable farmers
have bigger variation in value.

Characteristic Reference value, Beekeepers, mean  Vegetablefarmers,  p g e?
range (SEM) mean (SEM)
Glucose (mmol/L) 336.1 5.7(0.1) 5.7 (0.1) 90
Total cholesterol (mmol/L) 2.9-6.2 5.1(0.7) 5(0.7) .90
Total triglyceride (mmol/L) 0.45-1.7 1.6(0.1) 15(0.2) 90
Creatinine (mmol/L) 59-104 72.7 (1.4) 66.5 (1.3) .03
Uric acid (umol/L) 208-428 358.7 (6.5) 334.3(7.2) .02
High-density lipoprotein cholesterol (mmol/L) 1.03-1.55 1.46 (0.03) 1.54 (0.03) .90
Low-density lipoprotein cholesterol (mmol/L) 1941 2.82 (0.06) 2.71 (0.06) .90
Homocysteine (umol/L) 0.0-15 14.4 (0.4) 13.8(0.6) .90
Potassium (mmol/L) 35-5.3 4.1(0.03) 4.3(0.03) .03
Sodium (mmol/L) 137-147 137.1(0.4) 143.4(0.1) <.001
Calcium (mmol/L) 2.2-2.65 2.27(0.01) 2.35(0.01) <.001
Phosphorous (mmol/L) 0.81-1.45 1.02 (0.1) 1.01 (0.01) <.001
Iron (Lmol/L) 7.9-34.4 20.0 (0.5) 20.1(0.5) 90
Magnesium (mmol/L) 0.7-1.05 0.93 (0.01) 0.93(0.01) .90
Copper (Hmol/L) 11-24 14.8(0.3) 11.7 (0.3) .001
Zinc (umol/L) 10.7-17.7 14.5(0.2) 14.8 (0.2) .90
Serum ferritin (ng/mL) 30-400 137 (8) 157 (9) .90
Total protein (g/L) 65-85 71.8 (0.4) 74.1(0.4) .001
Albumin (g/L) 40-55 44.0(0.2) 452 (0.2) <.001
Folic acid (ng/mL) 4.2-19.8 9.7 (0.3) 12.3(0.3) <.001
Vitamin B12 (pg/mL) 197-771 290 (11) 467 (22) <.001

Fal se-discovery rate-adjusted values.
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Figure 1. Volcano plot of blood index results, comparing between beekeepers group and vegetable-farmers group, sampled from Wuhan, China,
between February and April 2016. Relative differenceis positive if beekeepers group has higher value than vegetable-farmers group.
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Figure 2. The first 3 principal components of blood index result, using PCA to compare between beekeepers group and vegetable-farmers group,
sampled from Wuhan, China, between February and April 2016. Shaded areas represent two standard deviations of each population.
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Freguency of Distribution of Various Food I ntake

Among the surveyed beekeepers and vegetable farmers, the
daily diet included grain cereals (185/185 [100%)] and 177/177
[100%], respectively) and fresh vegetables (178/185 [96.2%]
and 167/177 [94.4%)], respectively). The frequency of intake of
beef, mutton, and chicken was very low. About 63.2% (117/185)
of beekeepers and 93.8% (166/177) of vegetable farmers never
ate beef and mutton. At the same time, 68.1% (126/185) of
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beekeepers and 72.3% (128/177) of vegetable farmers never
drank milk.

Daily Intake Results of Various Foods

The intake of meat, fish, shrimp, eggs, milk, fruit, and bean
products was lower than the recommended dietary pagoda for
more than 50% of the individuals in both groups (92/185
beekeepers and 88/177 vegetable-farmers). About 70.3%
(130/185) of the beekeepers and 82.5% (146/177) of the
vegetable farmers consumed too much cooking oil (mean [SD]):
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44.8 (25.0 g/day) in the beekeepersgroup and 55.2 (28.0 g/day)  beekeepers had areasonable proportion of the 3 heat-producing
in the vegetable-farmers group. nutrients, whereas the vegetable farmers had a low calorific

. . . proportion of protein and carbohydrate (the percentage of
Daily Energy and Thermogenic Nutrient Intake Results calories provided by protein and carbohydrate to total calories),

Thedaily energy and proteinintake of beekeepersand vegetable  and a high calorific proportion of fat.
farmers was low for both men and women (Table 4). The

Table4. Mean daily energy and intake of 3 mgjor heat-producing nutrients of beekeepers and vegetable farmers from Wuhan, China (sampled period
February-April 2016).

Sex and characteristic Energy (kilocaorie) Protein (g) Fat (g) Carbohydrate (g)
Beekeepers Vegetable Beekeepers Vegetable Beekeepers Vegetable Beekeepers Vegetable
farmers farmers farmers farmers
Male
Intake, mean (SD) 1567 (23) 1516(39) 62(1) 57 (2) 63 (1) 64 (3) 193 (4) 183 (5)
Calorific proportion (%) N/A2 N/A 159 14.9 36 37.9 49.3 484
Female
Intake, mean (SD) 1396 (25) 1754 (40) 53(1) 56 (5) 60 (1) 85 (6) 166 (4) 196 (15)
Calorific proportion (%) N/A N/A 15.2 12.8 29.9 33.9 47.7 448
Reference calorific proportion (%) N/A N/A 15-20 N/A 25-30 N/A 50-60 N/A

aN/A: Not applicable

group, and the difference was statistically significant, whereas

Intake of Other Nutrients there was no significant difference in other nutrients between
Theintake of vitamin A (P<.001) and selenium (P<.001) inthe  the 2 groups (Table 5).

beekeepers group was higher than that in the vegetable-farmers
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Table 5. Comparing average daily intakes for other nutrients between beekeepers and vegetable farmers from Wuhan, China (sampled period

February-April 2016).

Nutrient Beekeeper male Beekeeper female Vegetable farmer male Vegetable farmer female P value
Intake (g/day),  Dietary  Intake Dietary  Intake(g/day), Dietary refer- Intake Dietary
mean (SD) reference  (g/day), reference  mean (SD) enceintakes, (g/day), reference
intakes, mean (SD)  intakes, % mean (SD)  intakes,
% % %
Cellulose (g) 18.2 (5.7) 72.8 17552 70 18.4 (7.4) 74 204(21.9) 82 .96
Vitamin A (ug) 249.2 (181.4) 445 165.6 284 194.8(201.2) 24.2 127.3 18.1 <.001
(136.4) (208.5)
Vitamin B1 (mg) 0.8(0.2) 57.1 0.7 (0.2) 58.3 0.7 (0.2 54.2 0.7 (0.8) 65.8 .39
Vitamin B2 (mg) 1.1(0.3) 78.6 1.0(0.3) 83.3 1.1(04) 81 11(1.2) 98.3 14
Vitamin C (mg) 190.5(90.1) 190.5 197.1(80.8) 197.1 209.7 (107.0) 210 238.6 238 77
(258.5)
Total vitamin E 32.1(9.1) N/A2 31.7(7.7) N/A 32.3(15.3) N/A 439(41.6) N/A .96
(mg)
Folic acid (ug) 634.2 (237.7) 158.6 623.4 155.9 666.9 (305.3) 167 7375 184.2 42
(215.9) (787.9)
Potassium (mg) 2093.2 (649.4) 104.7 1988.4 99.4 2101.2(889.2) 105 2265.6 1132 .53
(620.9) (2432.6)
Calcium (mg) 704.3 (255.2) 70.4 692.3 69.2 730.5(339.6) 73 807.6 80.7 .68
(237.2) (860.5)
Magnesium (mg) 348.9 (89.0) 105.7 319.3(86.0) 96.7 341.8 (127.6) 103.3 368.1 1115 .65
(379.9)
Iron (mg) 27.3(7.4) 2275 24.8 (6.7) 206.7 26.6 (10.0) 222 28.1(29.4) 2333 .66
Manganese (mg) 6.3 (1.6) 140 5.7 (1.5) 126.7 6.1(2.2) 135.5 6.7 (6.7) 148.8 .88
Zinc (mg) 11.0(2.5) 88 9.8 (2.5) 130.7 10.5(3.7) 84 11.2(115) 1493 .39
Copper (mg) 1.9(0.5) 2375 1.7 (0.5) 2125 1.7 (0.6) 221.2 1.6 (2.0) 2375 .93
Phosphorus (mg) 904.1 (218.0) 125.6 791.6 109.9 860.1(332.2) 1194 887.0 1231 ik
(224.2) (942.0)
Selenium (ug) 41.8(13.3) 69.7 35.0(12.3) 583 38.8 (18.4) 64.6 38.3(429) 633 <.001

3N/A: Not applicable.

Results of Cognitive Function Survey

Aspresented in Table 6, thetotal MM SE score of the beekeepers
group was 28.1, which was significantly higher (P<.001) than
that of the vegetable-farmers group (23.3). Among them, the
beekeepers group showed significantly better cognitive
performance in Auditory Verbal Learning Test (P=.01), Clock

Drawing Test (P=.005), and Verbal Fluency Test (P=.005). The
2 groups of people were further divided into 2 subgroups
according to whether they regularly consumed royal jelly or
not. It was concluded that the total MM SE score of the subgroup
consuming royal jelly for several yearswas significantly higher
than that of the subgroup not consuming royal jelly (P=.006).

Table 6. Results of cognitive function survey in beekeepers and vegetable farmers from Wuhan, China (sampled between February and April 2016).

Test Beekeepers Vegetablefarmers Pvalue  Roya jelly group Noroyal jelly group P vaue

N Score, mean N Score, N Score, N Score,

(SD) mean (SD) mean (SD) mean (SD)

Total Mini-Mental State Examination 180 28.1(35) 165 233(55) <.001 100 255(34) 245  237(5.0) .006
Rey Auditory Verbal Learning Test 185 30.7(134) 177 26.1(136) .01 106  30.0(145) 256  27.1(134) .07
Delayed word recall test 185 53(3.8) 177 41(36) .15 106 49(38 256  5.0(3.6) 66
Clock drawing test 180 3.8(15) 158 31(19) .005 99 3.9(15) 239 3.3(1.8) <.001
Verbal fluency test 182 141(47) 160 120(39 .005 101 145(52) 241 125(40) <001
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Discussion

Principal Findings

This study is the first to carry out a comprehensive
epidemiological investigation on beekeepers. This population
has a unique dietary structure, living habits, and disease
distribution characteristics; additionaly, its overall cognitive
level issignificantly higher than that of vegetable farmersfrom
the same area. It is worth noting that the average age of the
beekeepersand vegetable farmersinvestigated in this study was
over 60, indicating the aging population of beekeepers, which
is consistent with the research results of the Nationa Bee
Industry Technology System [14].

It is difficult to attract young labor force into the beekeeping
industry, possibly due to poor beekeeping conditions, the need
to chaseflowersin thewild for honey, beekeeping facilitiesthat
are relatively backward, alow degree of mechanization, and a
high physical consumption. The results showed that the rates
of smoking and drinking were higher among beekeepers than
those among vegetable farmers, which may be related to the
higher proportion of malesin the beekeepers group, compared
with that in the vegetable-farmers group. A large number of
studies have shown that overweight and obesity arerisk factors
for hypertension and cardiovascular diseasesin the elderly. The
Chinese Hypertension Survey [15] showed that the prevalence
of hypertension in people aged 55-64 was 44.3%, and other
scholars have concluded through meta-analysis that the
prevalence of hypertensionin rural areasin southern Chinawas
20.2% [16]. According to the BMI classification standard of
adults in China, the BMI of the beekeepers group and that of
the vegetable-farmers group was in the “ overweight” category.
Waist circumference and body fat rate also exceeded the
standard of normal adultsin China[17], but these did not reach
the diagnostic standard of obesity. Thus, it is not difficult to
understand the prevalence of hypertension in both groups, which
was significantly higher than 20.2% (identified in 80/185
[43.2%)] beekeepers and 70/177 [39.5%)] vegetable farmers).
As hypertension is an independent risk factor of stroke, the
prevalence of stroke (identified in 15/185 [8.1%)] beekeepers
and 21/177 [11.9%)] vegetable farmers) is aso significantly
higher than the national average (2.06%) [18]. At the sametime,
the physical examination results showed that both men and
women in the beekeepers group had a much stronger hand grip
than those in the vegetable-farmers group. This significant
differencein grip strengthislikely dueto the differencein labor
intensity between the 2 groups: beekeepers need to follow the
blooming period al year round, with trucks used to carry
beehives from one flower field to the next. This kind of work
characteristic is also common among the beekeepers in other
areas of China. As a result of convenient transportation and
rapid devel opment of agricultural mechanization modernization,
the labor intensity of vegetable farmers in the flat terrains of
Huangpi District isfar lower than that of the beekeepers.

Nearly 29.7% (5/185) of beekeepers reported consuming royal
jelly regularly for more than 10 years, which is significantly
higher than the proportion consumed by the common popul ation
and vegetable farmers in the same area. Thisis no surprise, as
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it is easier to obtain royal jelly due to the easy accessibility of
work. Compared with vegetable farmers, beekeepers had higher
intake of fish food, which mainly included preserved and dried
fish. This might be mainly related to the special occupational
requirements, whether fixed or transfer operations, of
beekeepers, who need to work continuously in the rare natural
environment for 5-8 months and keep up with the changein the
flowering period [9]. The hard-working conditions in different
provinces and regions might have resulted in the difficulty to
obtain meat, soy products, eggs, milk, and other foods, while
pickled vegetables, dried fish, cooking oil, and other food are
easier to carry and eat over longer distances. This directly led
to the insufficient intake of protein, most vitamins, calcium,
zinc, and other nutrients in the beekeepers group. Moreover,
sat in such preserved foods is well over standard limits.
Long-term consumption of salted foods remains a risk factor
for hypertension and chronic gastritis [19]. Whether this |eads
to a higher incidence of these 2 diseases among beekeepers
remains to be further studied. In addition, the dietary structure
has certain regional characteristics. Hubei isaland of fish and
rice. Pickled fish, meat, rice, and other foods are popular in the
province; however, seafood and dairy products are not popular
enough [10,14]. Therefore, 68.1% (126/185) of the beekeepers
and 72.3% (128/177) of the vegetable farmersin the study never
drank milk. Although the average intake of cellulose in both
groups were lower than the recommended amount (25 @) in
China [12], it was significantly higher than the results of the
epidemiological survey inthe same gender and age group, which
may berelated to the fact that the vegetable supply is sufficient,
and the daily diet of the residents mainly includes fresh
vegetables and cereals[8].

The results of this study showed that the main biochemical
indices of the 2 groups are normal, but the uric acid level of the
beekeepers group was significantly higher than that of the
vegetable-farmers group, and was close to the high uric acid
level (360 umol/L), which was speculated to be related to the
long-term administration of royal jelly. In general, fructose and
glucose account for 90% of total sugar in royal jelly. High
consumption of fructose-containing products can lead to the
accumulation of phosphorylated products and continuous
consumption causes liver ATP (adenosine triphosphate) to
produce alarge amount of uric acid through metabolism. At the
same time, the serum levels of folic acid (vitamin B9) and
vitamin B12 in the beekeepers group were lower than those in
the vegetable-farmers group, possibly because the B vitamins
inroyal jelliesweremainly B5 (52.8 mg/100 g) and niacin (42.4
mg/100g), whereas the contents of folic acid (0.4 mg/100 g)
and vitamin B12 (0.2 mg/100 g) were very low [20]. Although
the mineral content in honey varies depending on plant sources,
themineral content inroyal jelly isrelatively stable, accounting
for about 1.5% [21]. Royal jelly is considered to be a
homeostasis-regulated larval lactation form that is generally
harvested commercially after 4 daysof agefor queen beelarvae
[22]. The blood indices of beekeepers were more concentrated
than those of vegetable farmers, and the number of people
exceeding the normal value was|ess, indicating that beekeepers
were healthier than vegetable farmers. Possible reasonsfor this
are the small lifestyle differences as well as more similar and
healthier dietary structure and eating habits among beekeepers.
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Whether it isrelated to the long-term consumption of royal jelly
needs further study and verification. Al-Kahtani and Taha [23]
found that, due to different harvesting times, roya jellies
harvested 24 hours after the hatching of larvae had the highest
contents of phosphorus and zinc; 48 hours later, the contents of
calcium, potassium, and sodium were the highest; 96 hours
later, the content of copper was higher. Combined with the
findings of this study, we suggest that the levels of different
mineral nutrients in the body can be improved by consuming
royal jelly at different harvest times.

In addition, the intake of vitamin C and folic acid was
significantly higher than that of dietary reference intakes, and
the intake of vitamin A and selenium was significantly higher
than that of vegetable farmers. The worker bees must use honey
and pollen as raw materials to produce royal jelly. The nectar
source and powder source plants (ie, plants that provide pollen,
such asrape and locust flowers) vary based on regions and soil
composition; consequently, the mineral types and contents in
theroyal jelly produced are also different [24]. There are many
selenium-rich zones in Hubei Province [25], and oilseed rape,
as a cruciferous plant, has a strong ability to enrich selenium
[26]. Therefore, we speculated that the royal jelly eaten by
beekeepers in this study may have a higher selenium content.
Selenium plays a certain role in the nutritional value of royal
jelly, but as a micronutrient, some scholars believe that
compared with potassium (K), sodium (Na), calcium (Ca),
magnesium (Mg), and other elements, the content of selenium
inroyal jelly isvery low [27]. Therefore, with the development
of instrumental analysis technology, it is necessary to further
compare the selenium content of royal jelly produced in different
regionsin future studies.

When screening for cognitive function, the total MM SE score
of the beekeepers group was significantly higher than that of
the vegetable-farmers group, and the cognitive performance of
the beekeepers who regularly consumed royal jelly on auditory
word learning, clock drawing test, and language fluency was

Wang et al

better than that of the beekeepers and vegetable farmers who
did not consume royal jelly. Studies have shown that
brain-derived neurotrophic factor (BDNF), especially BDNF
inthe hippocampus, can regul ate learning and memory processes
through interaction with TrkB receptors, such as long-term
enhancement, synaptic plasticity, axonal budding, and dendritic
proliferation [28]. As a small unsaturated fatty acid, 10-HDA
in royal jellies can pass through the blood—brain barrier and
have effectssimilar to BDNF [29]. Alzheimer disease (AD) has
complex causes, including nerve fiber tangles, amyloid beta
deposition, inflammatory response, and oxidative stress
response. In many animal experiments at home and abroad and
invitro cell experiments, it has been proved that royal jelly can
improve the spatia learning and memory ability of AD model
rats [30] by effectively alleviating the toxicity of 3-amyloid in
AD and significantly reducing [3-amyloid species[31]. However,
whether royal jelly and itsfunctional components have apositive
effect on the prevention and delaying of human AD and their
possible mechanism of action remain to be further studied.

Study Limitation

A limitation of thisstudy isthat only the beekeepersinacertain
areaof Central Chinaweretaken asthe research subject, which
has certain regiona limitations and needs to be further
investigated and studied in more areas. Moreover, the
participants' recollections of how much they ate could be
skewed.

Conclusions

To sum up, combined with the results of this survey, beekeepers
in Hubel Province have their special dietary structure, human
body composition, and disease characteristics. Thelifestyleand
nutritional status of beekeepers, a special occupational group,
are closely related to their chronic diseases, which need more
attention and in-depth study. The role of royal jelly in the
prevention and treatment of dementiaand itsrelated mechanisms
will become the focus of our future research.
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Abstract

Background: Aedes aegypti is a vector for the transmission of diseases such as dengue fever, chikungunya, Zika fever, and
yellow fever. In 2016, over 1 million cases of these diseases were reported in Brazil, which is an alarming public health issue.
One of theways of controlling this diseaseis by inspecting and neutralizing the placeswhere A. aegypti laysitseggs. The Ministry
of Planning, Development, and Administration of Brazil maintains the inspection statistics.

Objective: We propose a multi-criteria analysis to create an index for A. aegypti inspections reported through the Ministry of
Planning, Development, and Administration system of Brazil.

Methods: Based on the repository from urban cleaning services combined with data on inspections conducted by government
agencies in several Brazilian cities and municipalities, we selected and combined metrics, which we further ranked using the
analytic hierarchy process methodology. We also developed risk maps based on the analytic hierarchy process ranking of the A.
aegypti breeding sites.

Results. Based on our analysis and the available data, the priority for inspections should consider the number of sick people
(weight 0.350), medical evaluations (weight 0.239), inspections (weight 0.201), mosquito breeding sites (weight 0.126), and days
of absence from work (weight 0.096).

Conclusions: The proposed index could aid public health practitionersin preventing the appearance of new A. aegypti breeding
sites. Thisinformation technology application can help solve such public health challenges.

(JMIR Public Health Surveill 2021;7(5):€19502) doi:10.2196/19502

KEYWORDS
multi-criteria analysis, public health; human sensors; vector surveillance; tropical diseases

: hard-to-find mosquito breeding places (eg, empty bottles, plant
Introduction vases, car tires) that can be found at any abandoned lot or in
Background any house. In Brazil, A. aegypti is the main vector for dengue

fever. However, Aedes albopictus is also a vector of such
arboviruses[1] and have been reported in Brazil since 1986 [2].
A. aegypti and A. albopictus tend to breed in similar sites, and
researchers have documented competition between these species.

Aedes aegypti is a vector for many diseases such as
chikungunya, dengue fever, yellow fever, and Zika virus. The
control of these diseases is difficult as there are severd

https://publichealth.jmir.org/2021/5/€19502 JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 [e19502 | p.47
(page number not for citation purposes)

RenderX


mailto:yuriodelima@cos.ufrj.br
http://dx.doi.org/10.2196/19502
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

A. aegypti is more prevalent in densely populated highly
urbanized areas, while A. albopictusis more prevalent in rural,
suburban, and forested urban areas[2].

Although A. albopictus is still regarded as the potential vector
of arbovirusesin most countries of the Americas [3], our work
focused mostly in urban areas, and the objective of this study
is the control of the breeding of A. aegypti. Nevertheless, our
work can be applied with minor modifications to the control of
breeding of A. albopictus. The challenge in controlling this
vector is one of the reasons for the significant numbers
associated with the outbreaks of the diseases, which shows how
important it isasapublic health issue. There are approximately
390 million cases estimated each year for dengue alone [4]. In
Brazil, in 2016, there were over 1 million cases of diseases
caused by A. aegypti [5].

There are currently several methods to control the breeding of
A. aegypti, which has led to areduction in the cases of disease
related to it. These methods are usually combined and include
contaminating the female mosquitoes with Woblbachia strains
so that they cannot spread diseases|6,7], €liminating mosguitoes
using poison, controlling breeding sites through inspections and
simple measures (eg, putting sand in vases, covering water
recipients, storing empty bottles upside down), and neutralizing
the breeding sites found.

In Brazil, the A. aegypti infestation index rapid survey
(Levantamento Rapido de indices para Aedes aegypti) is a
simplified entomologica surveillance method adopted by the
Ministry of Health to determine the infestation rates of A.
aegypti. Municipalities perform larval surveys through
systematic sampling of buildingsto calculate the Breteau index
and the building infestation index. The sample depends on the
population density and the number of buildings. The indexes
predominantly identify breeding sitesand are used asindicators
to initiate actions to neutralize these sites and reduce the use of
larvicides[8].

Controlling A. aegypti is a transdisciplinary effort, and
information technology plays arole, mainly in the creation of
a data repository to support analysis and decision making. An
example of information technology isthe Sigelu Aedes software
developed by the Brazilian company Lemobs as commissioned
by the Brazilian Ministry of Planning, Development, and
Administration. This software helps public workers to inspect
government buildings reporting Aedes breeding sites and the
actions taken to control them.

Goal of This Study

Given this context, the goal of our work is to contribute to the
effort of controlling A. aegypti breeding sites by proposing a
georeferenced index that helps decision makersto identify places
where mosquitoes could breed. We used amulti-criteriaanalysis,
more specifically the analytic hierarchy process (AHP), to
develop such an index. We tested our index by using real data
fromtheMinistry of Planning, Devel opment, and Administration
of Brazil to produce arisk map layer inamultidimensional data
model.

https://publichealth.jmir.org/2021/5/€19502

Limaetd

Multi-criteria Analysisin Disease Vector Surveillance

Multi-criteriaanalysis has been used previously in disease vector
surveillance literature for supporting decision making. We
review such related literature with a special focus on the
methodology and outcomes of each study. Aenishaenslin et al
[9] identified, evaluated, and ranked different strategies for
Lyme disease management in Quebec. They identified 3
intervention areas (preventive communication strategies,
surveillance strategies, and control strategies) but focused on
the latter two. They defined a multi-criteria decision analysis
(MCDA) process with 10 steps—the first 7 focus on problem
structuring and the last 3 on the decision analysis. Stakehol ders
were involved in the identification of issues, definition of
criteria, selection of interventions, and individual weighting of
the criteria defined. The authors used DSight software to
perform the Preference Ranking Organization Method for
Enrichment of Evauations (PROMETHEE) and produce a
visual model (geometrical analysisfor interactive aid [GAIA])
to display the analysis results. Finally, they produced group
rankings analysis and assessed the performance of the selected
interventions.

In asecond study, Aenishaendlin et a [ 10] adapted and evaluated
the decision model, which had been constructed to rank
interventions for Lyme disease prevention in Quebec [9] for a
different epidemiological context in Switzerland, where Lyme
disease has been endemic for over 30 years. They used agroup
of Swiss stakeholdersto define a new set of criteriato evaluate
the problem. The stakeholders kept the original criteria from
Quebec but added 4 new criteria. They subsequently performed
the analysis by comparing the resulting criteria sets; however,
the original criteria had their weights normalized so that their
relative importance was in line with the Swiss stakehol ders.

Cox et a [11] designed a standardized method to prioritize
infectious diseases of humans and animalsthat may emerge due
to the climate change in Canada. They devel oped user-friendly
toolsto aid pathogen prioritization, which provided a structure
for the study and enabled the decision-making process to be
recorded. They identified 40 criteria (from the published
literature and experts) that might be used to prioritize potential
emerging pathogens in Canada and divided them into 5
groups—3 criterion groups measure the likelihood of pathogen
emergence in Canada and 2 criterion groups measure the
pathogen impact. Expert opinion was used in the criterion
selection and weighting. The weights of al the criteria were
standardized. Cox et al [11] then used 2 tools. a spreadsheet
developed in Microsoft Excel and the MACBETH tool present
intheM-MACBETH software[12]. Santoset al [13] devel oped
a knowledge-driven spatial model to identify risk areas for
foot-and-mouth disease (FM D) occurrence—this disease affects
cloven-hoofed livestock and wildlife. They evaluated the FMD
surveillance performance in the southern Brazilian state of Rio
Grande do Sul by using MCDA.. Thirteen experts analyzed 18
variables associated with FM D introduction and dissemination
pathways. For each pathway, experts defined severa risk
factors—variables associated with FMD introduction and
dissemination. In the next step, the authors requested the experts
to weigh each risk factor and pathway following the AHP
methodology. The introduction risk and the dissemination risk
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were calculated separately, and they were then combined
multiplicatively, thereby providing the likelihood of FMD
occurrence. Finaly, the authors built the spatial model using
Idrisi 17.0 Selva GIS and Image Processing Software, with
raster layers of 1 km x 1 km resolution.

Fruean and East [14] assessed Australia’ stargeted surveillance
for detecting incursions of the screw-worm fly. Screw-worm
fly abundance and survival are affected by—among various
criteria—the vegetation type and moisture levels. The authors
made a grid of the territory in a map, and to each square, they
assigned numeric values for each criterion. They used the
multi-criteriaanalysis shell for spatia decision support package
[15], which includes raster maps for feral animal distribution,
land use, land cover, and climate data. The authors invited 20
experts to answer a questionnaire in order to assess the relative
importance of the potential pathwaysfor theintroduction of the
screw-worm fly into Australia. Finally, they produced maps of
the relative likelihood for the introduction and establishment
of the screw-worm fly and considered the seasonal effect of
climate. Gosselin et al [16] discussed theimplementation of the
Integrated System for Public Health Monitoring of West Nile
Virus, a real-time geographic information system for public
health surveillance of the West Nile virus, in Quebec, Canada.
This system gathers information on Corvidae, mosquitoes,
humans, horses, climate, and larvicide interventions. It was
designed to support the collection, localization, management,
and analysis of monitoring data, and presents the results of
analyses on maps, tables, and statistical diagrams. Ho et al [17]
used a raster-based model to map heat health risks, and they
compared this to the traditional vector-based model. Among
their goals was the use of the proposed framework to predict
and map the heat risk hotspots at multiple spatial scalesfor the
Vancouver area. Heat exposure was estimated using land surface
temperature. They used MCDA with 2 different dataresampling
approaches to visualize the influence of the modifiable areal
unit problem (MAUP) issue on heat health risk maps. MAUP
isacommon source of biasin theresults of statistical hypothesis
tests in the aggregation of point-based measures. Ho et a [17]
used 2 groups of layers: vulnerability layers and heat exposure
layers. All vulnerability layers were associated with values
ranging from 1 (lowest) to 9 (highest). Each group of layers
was combined into acomposite layer by assigning equal weights
to each layer and normalizing the result. Finally, the composite
heat exposure layer was combined with the composite
vulnerability layer using the same process. After the modeling,
they used the Getis-Ord Gi index [18] to mitigate the problems
caused by the MAUP problem.

Hongoh et a [19] ranked possible risk reduction measures for
the management of the West Nile virus in Quebec. This study
used the methodology presented by Aenishaendlin et a [9];
however, they produced 6 scenarios of increasing potential risk,
from low risk (current state) to high risk (epidemics). Hongoh
et al [19] elaborated a preliminary list of 15 evaluation criteria
in 5 categories. Hongoh et a [19] also used the D-Sight
software, the PROM ETHEE method, and GAIA maps, and they
analyzed interventions at the individual and regional level.
Finally, sensitivity analyses were performed on all criteria and
for al stakeholders. Sarkar et al [20] performed a five-stage
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risk assessment for Chagas diseasein Texas. First, using Maxent
software, they built distribution models for the triatomine
species. The environmental layers used were composed of 4
topographical variablesand 15 bioclimatic variables. The output
of this step was the likelihood of the presence of triatomine.
They then did a risk assessment, defining sets of ecological
risks and incidence-based risks, which were analyzed using
multi-criteria analysis to generate a composite risk. Finaly,
they combined the composite risk and the popul ation that would
be exposed to Chagas disease to produce a relative expected
exposure rate.

Thanapongtharm et a [21] characterized the spatial habitat of
the flying fox bat, which is a vector of the Nipah virus, in
populations along Thailand’s central plain and the mapping
zones for potential contact between flying fox bat habitats, pig
farms, and human settlements. They collected geographic
information about flying fox colonies—generally located in
areas such as Buddhist temples, surrounded by bodies of water
and vegetation—and combined them with the following layers:
water bodies, human population density, elevation, and land
cover. Thanapongtharm et al [21] used 7 species distribution
modelsto map the ecological suitability for flying fox colonies.
Their modelswere subject to 10 bootstrapsto prevent overfitting
and due to their very low proportion of positive samplesin the
data set. Finally, they applied potential surface analysisto map
therisk areafor the Nipah virus, assuming 2 potential scenarios
for human infections: humans directly infected from the bats
and humans infected through an intermediate pig host.

Vinhaes et al [22] analyzed data on the occurrence of domiciled
triatomines—vectors of Chagas disease—in non-Amazonian
regions of Brazil. MCDA was used to assess municipalities
vulnerability based on socioeconomic, demographic,
entomological, and environmental indicators. The program to
support decision making based on indicators (PRADIN) software
[23], which implements the PROMETHEE |1 agorithm, was
used for MCDA. The authors conducted 6 simulations using
PRADIN, inwhich the municipalitieswere ranked and classified
into quintiles, and their geographic coordinates were then used
in the TerraView [24] software to produce vulnerability maps
for the occurrence of Chagas disease transmission viadomiciled
triatomines that were compared to acute vector-borne Chagas
disease cases between 2001 and 2012.

Methods

Our proposed approach involves performing an analysisto create
an index of the inspectionsto find places where A. aegypti lays
their eggs. The data source for this study is the Ministry of
Planning, Development, and Administration of Brazil through
the Sigelu Aedes software. Like Santos et a [13], we adopted
MCDA because such methods are widely used in the literature.
Among MCDA methodologies, we chose to specifically use
the AHP methodology. Similar to many other related works
[3,6-9,11-14], we produced risk maps, which are useful for
disease surveillance and prevention. The proposed approach
does not use environmental variablesthat affect the density and
distribution of the mosquito, such astemperature, precipitation,
air humidity, and availability of water tanks. Instead, we used
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indirect indicators, that is, number of inspections, number of
sick people, number of medical evaluations, number of days of
sickness absence, and number of mosguito breeding sitesfound.
Although the use of nontraditional data sources to trace
arbovirus transmission can be found in the literature [25], our
approach provides anovel paradigm, since these governmental
data can provide an independent indi cator, which may be applied
in conjunction with the current methodol ogies. The proposed
approach al so takesinto account that mosquitoes can repopul ate
sitesthat have been inspected. We a so consider that information
about inspections may indicate regions where it is more likely
to find mosquitoes. A new index based on thisinformation may
help to plan actionsto fight against this vector of many diseases
in cities. We created the new index using some metrics extracted
from the repository.

Managers of urban cleaning services provide data to form a
repository. Given that the main breeding sites of A. aegypti are
abandoned sites that can be used as garbage dumps, the
developers of this software decided to integrate resources to
combat this mosguito species. Thus, this system contains data
on inspections conducted by government agencies in several
Brazilian cities and municipalities. However, the metrics used

Limaetd

do not indicate possible future mosquito breeding sites —they
only record the work done by government agentsin the field.

Our proposed solution is presented in Figure 1. We compared
each of the following alternatives. number of inspections,
number of sick people, number of medical evaluations, number
of days of sickness absence, and number of mosquito breeding
sites. In our comparison, we selected the following criteria to
usein the AHP: cost to obtain and use the data, time to acquire
the metric, precision of the data, refresh rate of the data, and
value of the data for predicting future mosquito breeding sites.
For gathering the opinions of specialists about criteria and
metrics (alternatives), in accordance with the AHP method, we
used the AHP Excel template, with multipleinputs from Goepel
[26]. To calculate the matrix for the criteriametrics and matrices
for aternatives, we adapted a solution from Griffith [27]. The
other calculations are shown in this paper. All inconsistencies
related to coherence werelessthan 0.10, in accordance with the
level suggested by Saaty [28]. After determining the final
priorities, we assembled the new index, considering the data
model that was populated using the repository presented in
Figure 1. This set of metricsis used to calculate the new index
of aninspection. Itiscrucia to notethat only the metricsrelated
to inspections were used as georeferenced metrics.

Figure 1. Proposed approach to assist in the prediction of Aedes aegypti breeding sites.
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Results

The AHP criteriamatrix is shown in Table 1. The prioritization
of the criteria is shown in the last column (AHP values are
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of analyzing each metric according to its value. The
inconsistency was 0.093.

The matrix for the alternatives with respect to each criterion is
presented in Table 2. In the “cost” section, lower values
correspond to higher costs. The last column of “priority” shows
the ranking of the alternatives. “Number of inspections’ was
considered the least important, while the “number of sick
people” was the most important alternative for costs. In the
“time” section, lower values correspond to a longer time. The
least important criterion was “number of sick people” and the
most important was “number of inspections’ (we note that the
least and most important criteria are inverted when compared
to section “cost”). In the “precision” section, lower values
correspond to lower precision. “Number of inspections’
occupied the first position again, “number of medical

Table 1. The analytic hierarchy process criteria matrix.?

Limaetd

evaluations’ was second, and “sick people” was third. In the
“value” section, lower values correspond to lower value. The
“value” section is the most relevant, because the “value”
criterion has higher priority according to Table 2. “Number of
sick people” was the most important alternative followed by
the “number of medical evaluations” Finally, in the “refresh
rate” section, lower values correspond to lower refresh rates.
The alternative “number of days absent” is the most relevant
metric.

At thispoint, it is possible to calculate the final priorities of the
alternatives. Firstly, we must multiply the criterion values by
the values for the alternatives, as shown in Table 3.

We then obtained the final priorities, which are shown in Table
4. We ended up calculating the weighted arithmetic mean by
considering the priorities of the alternatives.

Criteria Cost Time Precision Vaue Refresh rate Priority (AHPb)
Cost 1 1 0.16 0.11 0.27 5 (0.042)
Time 1 1 0.24 0.17 0.52 4 (0.056)
Precision 1/0.16° 1/0.24 1 0.26 7 2(0.292)
Value 1/0.11 1/0.17 1/0.26 1 4.72 1(0.516)
Refresh rate 1/0.27 1/0.52 7 1472 1 3(0.094)

#The values in this table are the results of a pairwise comparison between each one of the criteria to determine the relative priority of each one.

BAHP: anal ytic hierarchy process value.

®Thefractions in this table are the result of the pairwise comparisons, which generates a triangular matrix.
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Table 2. Matrix for alternatives with respect to cost, time, precision, value, and refresh rate.2

Alternatives for I nspections Sick people Medical evaluations Daysof absence Mosquito breeding Priority(AHPb) Inconsistency®

Cost 0.055
Inspections 1 y79 7 7 15 5(0.034)
Sick people 1 1 3 3 5 1(0.459)
Medical 7 1/3 1 1 3 2(0.207)
evaluations
Days of 7 3 1 1 3 3(0.207)
absence
Mosquito 5 15 13 13 1 4 (0.094)
breeding

Time 0.090
Inspections 1 7 3 5 3 1(0.472)
Sick people 7 1 13 13 13 5(0.051)
Medical U3 3 1 1 3 2(0.235)
evaluations
Days of 15 3 3 1 3 3(0.142)
absence
Mosquito 13 3 13 13 1 4 (0.099)
breeding

Precision 0.095
Inspections 1 5 3 3 5 1(0.454)
Sick people 1/5 1 15 3 1 3(0.102)
Medical U3 5 1 5 3 2(0.288)
evaluations
Days of 3 3 15 1 1 5(0.074)
absence
Mosquito 15 1 13 1 1 4 (0.082)
breeding

Value 0.084
Inspections 1 19 7 15 7 5 (0.029)
Sick people 9 1 3 5 5 1(0.494)
Medical 7 3 1 3 3 2(0.244)
evaluations
Days of 5 15 3 1 3 4(0.086)
absence
Mosquito 7 15 13 3 1 3(0.147)
breeding

Refresh rate 0.055
Inspections 1 3 7 3 7 5(0.042)
Sick people 1/3 1 13 13 13 4 (0.056)
Medical 1 3 1 3 3 2(0.292)
evaluations
Days of 3 3 3 1 1 1(0.516)
absence
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Alternatives for I nspections Sick people Medical evaluations Daysof absence Mosquito breeding  Priority (AHPb) Inconsistency®

Mosquito 1 3 13 1 1 3(0.094)
breeding

#The values in this table are the results of a pairwise comparison between each one of the criteria to determine the relative priority of each one.
BAHP: anal ytic hierarchy process value.

®The inconsistency value refers to how consistent the opinion of the AHP participants is. If the value is lower than 0.1 or 10%, the inconsistency is
acceptable.

%The fractions in this table are the reslts of the pairwise comparisons, which generate a triangular matrix.

Table 3. Candidates considering the criteria?

Criterion (A), aternative (B) AxB Total
Cost (0.042) 0.042
Inspections (0.034) 0.042 x 0.034 = 0.001
Sick people (0.459) 0.042 x 0.459 = 0.019
Medical evaluations (0.207) 0.042 x 0.207 = 0.009
Days of absence (0.207) 0.042 x 0.207 = 0.009
Mosquito breeding (0.094) 0.042 x 0.094 = 0.004
Time (0.056) 0.056
Inspections (0.472) 0.056 x 0.472 = 0.026
Sick people (0.051) 0.056 x 0.051 = 0.003
Medical evaluations (0.235) 0.056 x 0.235 = 0.013
Days of absence (0.142) 0.056 x 0.142 = 0.008
Mosquito breeding (0.099) 0.056 x 0.099 = 0.006
Precision (0.292) 0.293
Inspections (0.454) 0.292 x 0.454 = 0.133
Sick people (0.102) 0.292 x 0.102 = 0.030
Medical evaluations (0.288) 0.292 x 0.288 = 0.084
Days of absence (0.074) 0.292 x 0.074 = 0.022
Mosquito breeding (0.082) 0.292 x 0.082 = 0.024
Value (0.516) 0.516
I nspections (0.029) 0.516 x 0.029 = 0.015
Sick people (0.494) 0.516 x 0.494 = 0.255
Medical evaluations (0.244) 0.516 x 0.244 = 0.126
Days of absence (0.086) 0.516 x 0.086 = 0.044
Mosquito breeding (0.147) 0.516 x 0.147 = 0.076
Refresh rate (0.094) 0.105

Inspections (0.272) 0.094 x 0.272 = 0.026
Sick people (0.459) 0.094 x 0.459 = 0.043
Medical evaluations (0.073) 0.094 x 0.073 = 0.007
Days of absence (0.141) 0.094 x 0.141 = 0.013
Mosquito breeding (0.175) 0.094 x 0.175 = 0.016

#The final priorities of each alternative in terms of the chosen criteria. We multiply the value of the priority column from Table 2 by the value of the
priority of the criteriain Table 1.

https://publichealth.jmir.org/2021/5/€19502 JMIR Public Health Surveill 2021 | vol. 7 |iss. 5 [€19502 | p.53

(page number not for citation purposes)

RenderX


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Table 4. Thefinal ranks of the alternatives.a

Limaetd

Alternatives Criteria

Cost Time Precision Vaue Refresh rate Priority (AH pb)
Inspections 0.001 0.026 0.133 0.015 0.026 3(0.201)
Sick people 0.019 0.003 0.030 0.255 0.043 1(0.350)
Medical evaluations 0.009 0.013 0.084 0.126 0.007 2(0.239)
Days of absence 0.009 0.008 0.022 0.044 0.013 5 (0.096)
Mosquito breeding 0.004 0.006 0.024 0.076 0.016 4(0.126)

#The values for each alternative are repeated and the final priority of each oneis calculated by the total sum for each row.

BAHP: anal ytic hierarchy process value.

This new index is georeferenced by the inspection places
retrieved from the data source, as seen in Figure 1. We used the
results of inspections to indicate the future risk of mosqguito
breeding. The map of risks, considering the new index for 2016,
2017, and 2018, is presented in Figure 2. The visualization
component lets specific regions be selected. The risk map
considering only the number of mosquito breeding sitesfor the
same period is shown in Figure 3. We note that the relevant
regions in the graphs are strikingly different when comparing
the maps. In both figures, the size of the bubble (the greater the
risk, thelarger the bubble) and its color (red indicates the highest
risk) refer to the risk. The new index shows that the risk is not
only concentrated in the southeast region (aricher region, where
the number of inspectionsishigher) of Brazil but also iswidely

M

Sam Miguel
dn Tucumn

https://publichealth.jmir.org/2021/5/€19502

RenderX

distributed across the country. However, the new index gives
higher priority to the central region of Brazil, near Brasilia. The
extradata show that mosquito-breeding sitesmay beinsufficient
to provide areliable index, and extra data may improve the risk
prediction accuracy.

Another interesting result isthat amap elaborated with the new
index can be more useful than the current map used by the
decision makers (Figure 3) in predicting where the number of
infectionswill be higher. This can be seen by analyzing Figure
4, which shows our proposed index considering datafrom 2016
and 2017, as well as Figure 5, which presents the number of
casesin 2018. Theregionswhere our index showed higher risks
for 2016 and 2017 were mostly the same areas with the highest
concentration of sick peoplein 2018.
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Figure 3. Risk map, considering only the number of mosquito breeding sites, for 2016, 2017, and 2018.
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Figure 4. Risk map, considering the proposed index, for 2016 and 2017.
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Discussion

Contributions of This Study

In thiswork, we proposed a georeferenced index to help in the
identification of likely risk areas for the proliferation of A.
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aegypti breeding sites in Brazil. We applied multi-criteria
analysis, specifically AHP, to prioritize the metric alternatives
based on 5 criteria. By using this methodology, we were able
to produce risk maps for A. aegypti disease control. Thisisa
well-stablished approach as shown by the related works
[3,6-9,11-14]. We then compared the map currently produced
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for the Ministry of Planning, Development, and Administration
of Brazil with the one created by our proposed index. The
information shown by these maps was entirely different, given
that we sought to indicate which areas have a higher risk of A.
aegypti breeding sites, instead of the places with more
inspections or breeding sites aready identified. We al so tested
theindex’s capacity for identifying areas affected by the diseases
caused by A. aegypti and showed that it can help in identifying
these areas. It is our understanding that the proposed
index—with its future orientation—could be another tool to
public health practitionersin preventing the appearance of new
A. aegypti breeding sites and in showing how information
technology can be applied to help solve public health challenges.
Other initiatives such as participatory disease surveillance
[29-31] can be used to provide additional data to be used as
analysis source.

Table 5. Thefinad ranking of the alternatives by the experts and the authors.

Limaetd

Limitations

Thiswork does not use environmental variables that affect the
density and distribution of the mosquitoes (such astemperature,
precipitation, air humidity, availability of water tanks), which
can be added in further versions of this study. In thiswork, we
were only able to georeference the index that resulted from the
first AHP, which only involved the opinion of 3 of the authors.
After presenting the results of this work as a poster at the
Workshop on Big Social Data and Urban Computing that was
held in the Very Large Databases Conference, we consulted a
group of 3 experts on diseases caused by A. aegypti, regarding
the use of AHP in conjunction with their opinions. A form was
created to help fill out the AHP spreadsheet with the pairwise
comparisons. The result of this effort, as well as a comparison
between the executions of the AHP by the authors and experts,
can be seen in Table 5. This new AHP with a group of experts
on diseases caused by A. aegypti will allow us to improve our
research.

Alternatives Ranking by experts (AHP?) Ranking by authors (AHP) Difference
Inspections 3(0.215) 3(0.201) 0.014

Sick people 2(0.254) 1 (0.350) —-0.096
Medical evaluations 5(0.091) 2(0.239) -0.148
Days of absence 4(0.123) 5 (0.096) 0.027
Mosquito breeding 1(0.316) 4(0.126) 0.19

8AHP: analytic hierarchy process value.

Conclusions

The proposed approach uses unconventional indicators based
on the presence of mosqguitoes: number of inspections, number
of sick people, number of medical evaluations, number of days
of sickness absence, and number of mosqguito breeding sites
found. Thus, this work provides a novel paradigm for public
health practitioners in preventing the appearance of new A.
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Abstract

Background: The assessment of geographical heterogeneity of HIV among men who have sex with men (MSM) and people
who inject drugs (PWID) can usefully inform targeted HIV prevention and care strategies.

Objective: We aimed to measure HIV seroprevalence and identify hotspots of HIV infection among MSM and PWID in Nigeria.

Methods: Weincluded all MSM and PWID accessing HIV testing services across 7 prioritized states (Lagos, Nasarawa, Akwa
Ibom, Cross Rivers, Rivers, Benue, and the Federal Capital Territory) in 3 geographic regions (North Central, South South, and
South West) between October 1, 2016, and September 30, 2017. We extracted data from national testing registers, georeferenced
all HIV test results aggregated at thelocal government arealevel, and calculated HIV seroprevalence. We cal culated and compared
HIV seroprevalence from our study to the 2014 integrated biological and behavioural surveillance survey and used global spatial
autocorrelation and hotspot analysis to highlight patterns of HIV infection and identify areas of significant clustering of HIV
Cases.

Results: MSM and PWID had HIV seroprevalencerates of 12.14% (3209/26,423) and 11.88% (1126/9474), respectively. Global
spatial autocorrelation Moran | statistics revealed a clustered distribution of HIV infection anong MSM and PWID with a <5%
and <1% likelihood that this clustered pattern could be due to chance, respectively. Significant clusters of HIV infection
(Getis-Ord-Gi* statistics) confined to the North Central and South South regions were identified among MSM and PWID.
Compared to the 2014 integrated biological and behavioura surveillance survey, our results suggest anincreased HIV seroprevalence
among PWID and a substantial decrease among MSM.

Conclusions: This study identified geographical areas to prioritize for control of HIV infection among MSM and PWID, thus
demonstrating that geographical information system technology isa useful tool to inform public health planning for interventions
targeting epidemic control of HIV infection.

(IMIR Public Health Surveill 2021;7(5):€19587) doi:10.2196/19587
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Introduction

Geographic variation in HIV seroprevalence has been
demonstrated in many sub-Saharan African countries [1-7].
According to the Nigeria AIDS Indicator and Impact Survey
(NAIIS) 2018, HIV seroprevalence in Nigeria among adults
aged 15-64 years was 1.5% (1.9% among females and 1.1%
among males), ranging from 0.6% in the North West to 3.1%
in the South South zone [8]. The spatial distribution of HIV
infection in key populations (KPs), including in men who have
sex with men (MSM) and people who inject drugs (PWID), is
much less understood. Nigeria has a mixed epidemic, meaning
that while HIV prevalence among the general population is
high, certain groups still carry afar more significant HIV burden
than the rest of the population. Men who have sex with men are
the only group in Nigeriawhere HIV prevalenceis still rising.
In 2017, this group's prevalence stood at 23%, significantly
more than the next highest prevalence group—sex workers—
at 14.4% [9]. Of all new HIV infections in the country, 10%
occur among MSM [10]. HIV prevalence among people who
inject drugs (sometimes referred to as PWID) in Nigeria was
3.4% in 2017 [11]. Women who inject drugs are particularly
affected, with a prevalence of 13.9% compared to 2.6% among
men [9]. Female sex workers who inject drugs face the highest
HIV prevalence at around 43% [9]. According to the 2010
integrated biological and behavioral surveillance survey (IBBSS)
in Nigeria, femaleinjecting drug users had a 7-fold higher HIV
preval ence than male injecting drug users[12].

In, sub-Saharan Africa, MSM are at increased risk for HIV
infection compared to men in the general population [13]. The
HIV epidemic in West Africais mainly heterosexually driven,
but recent data suggest that anal sex plays a significant
independent role in HIV infection [14]. In the 2015 the Joint
United Nations Programme on HIV/AIDS (UNAIDS) report,
studiesin sub-Saharan Africaindicated prevalencerates of HIV
infection ranging from 6% to 37% among MSM [15]. According
to the progress reports on the global AIDS response, the highest
prevalenceratesof HIV infection among M SM were asfollows:
19% in Central and Western Africa, 15% in Southern and
Eastern Africa, 12% in Latin America, 11% in the Asia-Pacific
region, and 8% in Central and Western Europe and North
America [16]. A recent study conducted among MSM across
India reported a relatively high HIV prevalence of 7% [17].
These reports indicate that a substantial number of infections
occur among MSM, many of whom also have sex with women
[18]. Other studies have confirmed that MSM who engage in
transactional sex have an increased HIV preval ence compared
to MSM who do not engage in transactional sex [17,19]. The
variability in HIV prevalence may be attributed to individual,
social, and structura level factors. MSM who engage in
transactional sex may not be responsive to HIV prevention
services designed explicitly for gay-identified MSM. These
men are affected by similar multilevel factors, such as stigma
and discrimination, inability to negotiate condom use, substance
use and misuse, and psychological distress [20]. MSM across
many countries in sub-Saharan Africa face stigma and
discrimination [21]. Stahlman et al's [22] study revealed that
stigmatization as gay and fear of being HIV positive present
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barriersto accessing available voluntary HIV testing, counseling,
and treatment services. In Nigeria, the Same-Sex Marriage
Prohibition law was passed by the Senate in 2011 and was
implemented in January 2014. The new law criminalized
same-sex practices, prohibiting participation in organizations,
service provision, or meetings that support gay people, and
instituting punishments for attempts to enter civil unions or
publicly show same-sex relationships [23].

About one-third of global HIV infections outside sub-Saharan
Africa are related to PWID, who account for a growing
proportion of personsliving with HIV. It isestimated that PWID
are 22 times more likely to acquire HIV than those among the
rest of the population [24]. Thisrisk arisesfrom sharing needles
and injection equipment but is reinforced through
criminalization, marginalization, and poverty. HIV prevalence
among PWID in Nigeria was 3.4% in 2017 [10]. Women who
inject drugs are particularly affected, with aprevalence of 13.9%
compared to 2.6% among men [10]. Seroprevalencerangesfrom
3.4%in Nigeriato 8.5%in SierraLeone[10]. However, Nigeria
has the highest number of PWID in the West African region,
estimated at 45,000in 2017 [10]. A recent study in 2015 among
PWID showed that the estimated HIV prevalence was 18.1%
[25]. HIV seroprevalence among women who inject drugs is
much higher than among men who inject drugs. For example,
in Senegal, the HIV seroprevalence among women and men
who inject drugs is 28% and 7%, respectively [26].

Previous studies, have focused on devel oping statistical models
to predict the seropreval ence of HIV among KPsin sub-Saharan
Africa[27,28]. These modelsincluded multiplerisk factors (eg,
circumcision, distance to road, and condom usage). They have
shown that there can be considerable small-scal e heterogeneity
in HIV seroprevalence and risk behaviors. However, none of
these models have tested whether there is a spatial pattern of
HIV infection among KPs, and the size of the studies has been
limited. In our study, we examined the spatial pattern of HIV
prevalence among MSM and PWID in Nigeria. There is
currently great interest amongt public health planners concerning
whether this geographic variation of HIV could be used to
improve the effectiveness of targeted HIV prevention
interventions by focusing on areas of highest need [29-31]. The
study is divided roughly into 3 phases, each of which coversa
particular study objective. The first phase used an HIV testing
program data to estimate the seroprevalence of HIV between
MSM and PWID, the second phase used geographic information
system techniques to assess the infection pattern and classify
HIV infection hot spots, and the third phase compared the
outcomes of HIV seroprevalence from program data and the
last IBBSS 2014 [32] carried out in Nigeria by the Federal
Ministry of Health.

Therefore, we aimed to quantify the geographic variation of
HIV seroprevalence among MSM and PWID by age and sex
through using georeferenced HIV testing services data
aggregated at the level of local government areas (LGAS). We
planned to detect hot spots and compare HIV seroprevalence
from our study to that of the 2014 IBBSS. We defined HIV
seroprevalence asthe overall occurrence of HIV within adefined
population at a particular time, as measured by blood or
serologic tests. The IBBSS was scheduled to occur every 5
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years, with the last one taking placein 2014. The survey results
served as the primary data source for the national response to
AlIDSamong KPsin Nigeria. Totrack changesin HIV infection
among MSM and PWID in the selected study and survey states,
we compared HIV seroprevalence from our study with HIV
prevalence from the 2014 IBBSS.

Methods

Study Setting and Data Source

Nigeria is organized into 36 federating states and the Federal
Capital Territory, which hosts the national government. The
states are further subdivided into 774 LGAs. The study was
conducted in 93 LGAs spread across 7 prioritized states (Akwa
Ibom, Rivers, Cross Rivers, Benue, Nasarawa, Lagos, and the
Federal Capital Territory) in the 3 geographic regions of North
Central, South South, and the South West. Under the national
KP program, these states were prioritized for prevention and
comprehensive HIV/AIDS treatment interventions due to their
high population density and the high number of people living
with HIV. The national KP program consists of an integrated
HIV prevention and treatment program that identifies
HIV-positive KPsin the community and links them to care and
treatment at the LGA level. The primary source of datafor this
study was the performance HIV testing services data
(disaggregated by fine age bands and sex) obtained from a
Nigerian KP program, the Integrated M ost-At-Risk Populations
HIV/AIDS Prevention Program [33].

HIV Testing Algorithm

HIV testing delivery servicesto KPsin the target communities
adopted a 2-step HIV rapid testing serial agorithm testing
strategy. Fourth generation rapid test kits were used for HIV
testing (Alere DetermineHIV-1/2 Ag/Ab Combo, Alere
Scarborough, Inc). A nonreactive HIV test result after the first
test was considered HIV negative. A reactive result was tested
with a second test. When the result was reactive again, it was
considered HIV positive, and when it was nonreactive, it was
considered HIV negative. All HIV test results were documented
using the national HIV testing and counseling register. Based
on program design and data reporting requirements, the HIV
test results of each KP (MSM and PWID) were aggregated up
by the program level performance indicator, “Number of
individuals who received HIV Testing Services and received
their test result,” and linked to the location or LGA where the
KP was tested.

HIV Testing M odalities for KPs

Thenational HIV/AIDS program providestargeted HIV testing
services to KP and their high-risk contacts. The following
services are provided: index partner or index testing (also
referred to as partner testing or partner notification) in which
exposed contacts of an HIV-positiveindex case are offered HIV
testing; KP testing in mobile or temporary testing locations,
such as community centers, schools, workplaces, hotels, clubs,
tents, and vans; and voluntary counseling and testing, which
includes testing in voluntary counseling and testing centers
outside of ahealth facility (ie, “ one-stop shops’). The one-stop
shop model for KP establishes safe spaces in the communities
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for HIV prevention and treatment interventions. It integrates
differentiated strategies that optimize efficiency along the
90-90-90 cascade [34]. HIV test results are aggregated by the
KP group and the LGA where the test is conducted. To reduce
double-counting of individuals and to account for retestersin
a reporting period, tracking systems, such as “unique
identifiers’, are established and used to monitor the frequency
of contact or outreach of the KPs over time. A unique ID is
generated and assigned to a KP group before HIV testing
commences, and the results collected are entered into an
electronic database. Data validation is conducted every quarter
by running aquery of al individual-level KPdataon HIV testing
using IDsto determine first-time testers and repeat testers. All
duplicated K P datawithin the reporting period are deduplicated
before data transmission. This is accomplished by
community-level data review and reconciliation exercises
between testing counselors and monitoring and evaluation
officers to ensure that the first-time testers and repeat testers
are adequately tracked. We divided the total number of KPs
who tested HIV positive (numerator: first-time testers +
previously known HIV—positive testers) by the total number of
KPwho received HIV testing services between October 1, 2016,
and September 30, 2017, to measure the HIV prevalence.

The 2014 I ntegr ated Biological Behavioral Sentinel
Survey

The 2014 IBBSS was conducted by the Federal Ministry of
Health through the National AIDS & STIs Control Programme
(NASCP) and other stakeholders and used respondent-driven
sampling, a modified form of snowball sampling to identify
hard to reach populations [32], to select MSM and PWID. The
2014 1BBSS was conducted in 14 states, and only 4 of the 7
statesin our study (ie, Lagos, Rivers, Federal Capital Territory,
and Cross River) had data on seroprevalence for MSM and
PWID recorded in the 2014 IBBSS report. The goal of the
IBBSS is to obtain serological, behavioral, and HIV service
coverage data on key and vulnerable populations. Members of
the communities, nongovernmental organizationsworking with
thetarget populations, and key informantsfor each target group
(recruited as seeds) hel ped identify various locations where the
target groups could be found. Seedswereidentified through the
nongovernmental organizations' networks that historically
provide support and servicesfor MSM and PWID. A list of sites
where the popul ation groups were located, how and when they
can be reached for information and services, and the essential
distinguishing characteristics of these sites were prepared and
used for the 2014 IBBSS. All eligible key and vulnerable
populations were tested for HIV, and results were documented
in survey forms.

Study Population

All MSM and PWID aged =15 years with a documented HIV
test result were included. At the time of analysis and in line
with the Nigeria KP program, HIV testing data were
disaggregated into 4 age categories, 15-19, 20-24, 25-49, and
50+ years. The age classification for the HIV test datawas based
solely on the nature of the KP program. MSM was defined as
self-identification as male and report of oral or anal sex with a
man in the previous 12 months [35]. A PWID was defined as
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an individual meeting one of the following conditions:
self-reporting ever injecting any illicit drug and having avisible
injection site on the body and self-reporting injecting illicit
drugs in the past month [36]. All KP groups were screened
before enrollment by known MSM or PWID recruited as peer
navigators by the national KP program to ensure clients were
members of the target population.

Statistical Analyses

We analyzed aggregate-level data from index testing, mobile,
and voluntary counseling and testing modalities by counting
the number of KPs who received HIV testing services via the
The President's Emergency Plan for AIDS Relief (PEPFAR)
and the Nigerian KP program between October 1, 2016, and
September 30, 2017, at the LGA level. We georeferenced all
MSM and PWID who accessed HIV testing servicesat the LGA
level and performed 4 analyses. First, we constructed maps of
HIV seroprevalence among MSM and PWID. Second, we used
spatial autocorrelation (global Moran 1) statistics to measure
the degree to which HIV seroprevalence was clustered,
dispersed, or randomly distributed. Under the null hypothesis,
the expected value is that there is no pattern of HIV infection
in selected LGAs. Moran | values range from —1 (indicating
perfect dispersion) to 1 (indicating perfect spatia clustering).
Third, we used hots pot analysis in the ArcGIS software
(Environmental Systems Research Institute) to calculate the
Getis-Ord Gi* dtatistic for each LGA. The resultant z score
identified where LGAs with either high or low HIV
seroprevalence cluster spatialy. Each L GA wasanalyzed within
the context of neighboring LGAs: the larger the z score, the
moreintensethe clustering of high seroprevalences or hot spots.
Similarly, smaller z scores indicated clustering of low
seroprevalences. To be a statistically significant hot spot, an
LGA required ahigh HIV seroprevalence and to be surrounded
by other LGAs with high HIV seroprevalence. For the 2 study
groups, the map scale used varied: 1:25,000 was used for MSM
and 1:42,000 for PWID. A resolution of 300 dpi was consistent
throughout the 2 maps. Fourth, our study's calculated HIV
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seropreval ence was compared to the HIV seroprevalence among
MSM and PWID from the 2104 IBBSS. Using Stata 14
(StataCorp) we developed 95% Cls of HIV seroprevalence by
state with the normal approximation. We created dot plots to
compare the distribution of the 2 different HIV seroprevalence
results (study vs IBBSS) between MSM and PWID in Lagos,
Rivers, the Federal Capital Territory, and Cross River.

Ethical Reviews

Thisanalysiswas conducted with routine data gathered through
the national KP program. Informed consent was obtained for
al clientswho were tested for HIV in line with the HIV testing
service policy of Nigeria. Ethical approval was obtained from
the Federal Capital Territory, Hedth Research Ethics
Committee, Nigeria (approval no.
FHREC/2019/01/122/23-12-19). This study only analyzed
anonymized and deidentified data. The 2014 IBBSS received
appropriate ethical clearance from the National Health Research
and Ethics Committee before the commencement of the survey.

Results

Overall HIV Seroprevalence by Age and Sex

Of the 26,423 M SMsand 9474 PWID who received HIV testing
between Octaober 1, 2016, and September 30, 2017, atotal of
3209 MSM and 1126 PWID tested HIV positive for an overall
seroprevalence of 12.1% (95% Cl 9.7-13.1) and 11.8% (95%
Cl 9.312.7), respectively (Table 1). MSM aged 50 years and
older had a considerably higher HIV seroprevalence (43/126,
34.1%,) than those aged 15-19 years (190/2648, 7.17%,).
Middle-aged PWID (25-49 years old) had the highest HIV
seroprevalence (905/6203, 14.58%,) over other PWID age
groups. HIV seroprevalence among female PWID wastwice as
high as that among male PWID (female: 467/2485, 18.79%;
male 659/6989, 9.42%). Female PWID aged 25-49 years had
the highest HIV seropreval ence (345/1399, 24.66%,), whilethe
seroprevalence among male PWID in the same age group was
11.65% (560/4804; Table 1).
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Table 1. HIV Seroprevalence among MSM and PWID by age, sex, and study locationsin Nigeria, September 30, 2017.

Onovo et a

State by age No. of individuals tested for HIV No. of individualswho tested HIV ~ gpa (%) among SP (%) among  SP(%) among
group positive MSM male PWID female PWID
(n=26423) (n=6989) (n=2485)
MsmP PWIDC MSM PWID
(n=26,423) Male Female (n=3209 Mae Female
(n=6989)  (n=2485) (n=659)  (n=467)
Akwa |bom State
15-19y 227 75 29 25 2 3 11.0 2.7 10.3
20-24y 1134 281 82 53 13 20 4.7 4.6 244
25-49y 2242 1033 188 490 159 66 219 154 35.1
50+y 32 13 3 13 4 2 40.6 30.8 66.7
Benue State
15-19y 264 42 14 16 6 3 6.1 14.3 214
20-24y 1093 251 66 70 10 10 6.4 4.0 15.2
2549y 1117 875 117 282 85 40 25.2 9.7 34.2
50+y 4 31 5 4 6 1 100.0 194 20.0
CrossRiver State
15-19y 327 100 64 30 3 11 9.2 3.0 17.2
20-24y 1495 358 176 145 11 27 9.7 31 15.3
25-49y 2193 946 344 349 149 122 159 15.8 355
50+y 31 9 1 11 4 0 355 44.4 0.0
Federal Capital Territory
15-19y 753 28 41 21 0 0 2.8 0.0 0.0
20-24y 2401 318 280 154 6 19 6.4 1.9 6.8
2549y 2332 677 293 243 24 26 104 35 8.9
50+y 10 2 1 5 1 1 50.0 50.0 100.0
Lagos State
15-19y 496 6 23 34 0 5 6.9 0.0 217
20-24y 1375 44 76 167 2 5 121 45 6.6
25-49y 731 278 219 99 4 26 135 14 11.9
50+y 10 96 23 2 1 1 20.0 10 4.3
Nasarawa State
15-19y 227 51 21 7 1 1 31 20 4.8
20-24y 1294 369 181 97 8 13 75 2.2 7.2
2549y 1193 668 238 153 68 65 12.8 10.2 27.3
50+y 6 3 0 2 1 0 333 333 _d
Rivers State
15-19y 354 7 0 57 2 0 16.1 28.6 —
20-24y 1929 88 0 268 15 0 139 17.0 —
25-49y 3120 327 0 406 71 0 130 217 —
50+y 33 13 0 6 3 0 18.2 231 —
Overall
15-19y 2648 309 192 190 14 23 7.2 4.5 12.0
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State by age No. of individuals tested for HIV No. of individualswho tested HIV ~ gpa (%) among SP (%) among  SP(%) among
group positive MSM male PWID female PWID
(n=26423) (n=6989) (n=2485)
MSMmP PWIDC MSM PWID
= (n=3209)
(n=26,423) Male Female Male Female
(n=6989)  (n=2485) (n=659)  (n=467)
20-24y 10,721 1709 861 954 65 94 8.9 3.8 10.9
25-49y 12,928 4804 1399 2022 560 345 15.6 11.7 24.7
50+y 126 167 33 43 20 5 341 12.0 15.2
Total 26,423 6989 2485 3209 659 467 12.1 9.4 18.8

85p: seroprevalence.

BMSM: men who have sex with men.
°PWID: people who inject drugs.
dData not available.

HIV Seroprevalenceby State: Comparison to Previous
Surveys

Figure 1 shows the mean HIV seroprevalence for the various
states. Among MSM in al states, the mean HIV seroprevalence
in the Federal Capital Territory was the highest (14.6%; 95%
Cl 3.4-25.9), followed by Lagos (14.4%; 95% CI 10.6-18.2),
and Akwa Ibom state (13.6%; 95% CI 10.2-16.9). Mean HIV
seroprevalence was lowest in Nasarawa (9.1%; 95% CI
1.0-14.9). Similarly, among PWID, mean HIV seroprevalence
in the Federal Capital Territory was the highest (16.0%; 95%

Cl 7.5-24.5), followed by Lagos (14.4%; 95% Cl 9.5-19.3). The
mean seroprevalence in Cross River was 12.3% (95% ClI
7.7-16.9), while that among PWID was the lowest in Benue
(6.6%; 95% CIl 0.6-12.7; Figure 1). Figure 2 shows HIV
seroprevalence for the various states compared to previous
estimatesfrom the 2014 IBBSS. Findingsfrom the 2014 IBBSS
have demonstrated that HIV seroprevalence increased among
MSM: from 13.5% in 2007 to 17.2% in 2010 to 23.0% in 2014.
Simultaneously, the seroprevalence among PWID decreased
from 5.6% in 2007 to 4.2% in 2010 to 3.4% in 2014.

Figure 1. HIV seroprevalence among MSM and PWID by state, September 30, 2017. Mean HIV seroprevalence with 95% Cls. FCT: Federal Capital
Territory; MSM: men who have sex with men; PWID: people who inject drugs.
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Figure2. Comparison of HIV seroprevalence from the study to that in the 2014 IBBSS. The black circlesand black trianglesrepresent HIV seroprevalence
among MSM as seen in our analysis and the 2014 IBBSS, respectively. The grey circles and grey triangles represent the PWID HIV seroprevalence as
seen in our study and the 2014 IBBSS, respectively. FCT: Federal Capital Territory; IBSS: integrated biological and behavioural surveillance survey:

MSM: men who have sex with men; PWID: people who inject drugs.
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Variability of HIV Seroprevalence Within Different
States

Theinterpolated HIV seroprevalence map reveal sthe geospatial
distribution of HIV seroprevalence among MSM (Figure 3a,
top panel) and PWID (Figure 3b, bottom panel) within various
states. Seroprevalence in MSM was higher than in PWID.
Large-scale spatia patterns are apparent, and they are more
distinct for MSM than for PWID. Among MSM in Benue state,
a high seroprevalence (>13%) was evident in the Logo
community, while in the Gwer East and Vandeikya LGAS, the
seroprevalence was bel ow 10% (Figure 4a). HIV seroprevalence
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among MSM in Rivers state was the highest in the Asari-Toru,
Emohua, Ahoada East, Ahoada West, and Abua/Odual LGAS
(Figure 4b). Similarly, HIV seroprevalence wasrel atively higher
in Riversamong PWID who live outside the mapped urban area
settlements in Ahoada East, Ahoada West, Emohua,
Abua/Odual, and Bonny (Figure 4c). Notably, in Rivers state,
high HIV seroprevalence among MSM was recorded in large
urban area settlementsin the Asari-Toru L GA. Seroprevalence
in Cross River among PWID was highest in urban area
settlements in the northern region of the Obubra LGA (Figure
4d).
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Figure 3. Map of Nigeria showing the interpolated areas with high and low HIV seroprevalence on from October 1, 2016, to September 30, 2017,
among men who have sex with men (&) and people who inject drugs (b). Seroprevalence >13% is shown in red, and seroprevalence <4% is shown in

green.
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Figure 4. State level map of Nigeria showing urban locations and interpolated areas with high and low HIV seroprevalence by local government area
among men who have sex with men (a- Benue; b: Rivers), and people who inject drugs (c: Rivers; d: Cross River). Seroprevalence >13% is shown in

red, and seroprevalence <4% is shown in green.
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Comparison of Program Data and the IBBSS 2014

Clear state differencesin HIV seroprevalence between the 2014
IBBSS and our program datawere observed for MSM in Lagos
(41.3% vs 11.6%), Rivers (40.7% vs 13.6%), and the Federal
Capital Territory (30.1% vs 7.7%). Seroprevalence from
program datawas higher than the seropreval ence from the 2014
IBBSSfor MSM inthe Cross River state (13.2% versus 11.3%).
Seroprevalence among PWID was higher in our program data
compared to the 2014 IBBSS data in Lagos (5.8% vs 2.5%],
Rivers (20.9% vs 0.9%), and Cross River (16.4% vs 5.8%).

Detection of Spatial Patternsand Hot Spots of HIV
Seroprevalence

The global spatial autocorrelation Moran | statistics confirmed
the clustered distribution of HIV seroprevalence among MSM
and PWID. Wefound more significant clustering among PWID
(z score=4.03; P<.001) compared to MSM (z score=2.29;
P<.02). Getis-Ord-Gi* statistics indicated significant clusters
of HIV infection among MSM and PWID (Multimedia
Appendix 1) that were confined to LGAs in the North Central
(AbujaMunicipal Area Council, Bwari, Karu, Keffi, and Gwer
East) and South South (Calabar Municipal, Calabar South,
Degema, Odukpani, and Akpabuyo) regions of the country.
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Discussion

Principal Results

Our study shows a substantial geographic variation in the HIV
seroprevalence of both MSM and PWID throughout the study
areas. Similarly, mounting evidence suggests a large
geographical variationin the sub-Saharan AfricaHIV epidemic
[37,38]. Although dataon MSM in Eastern and Southern Africa
are limited, HIV seroprevalence ranges from 2% in Angolato
31% in Zimbabwe [39]. The UNAIDS 2019 report suggests
condom use by MSM exceeded 70% in South Africa, Kenya,
and Rwanda, and was above 50% in Angola, Comoros, Eswatini,
Madagascar, and Mauritius. Lesotho, Malawi, and Tanzania
reported level s bel ow 50% at 46%, 44%, and 14%, respectively
[39]. Overal, around 1 in 5 (20%) MSM in the region are
estimated to be living with HIV [36]. Evidence suggests the
majority of theregion’sM SM engagein heterosexual sex, often
with wives or other long-term female partners [39]. The HIV
epidemic among MSM isthereforeinterlaced with the epidemic
in the wider population [40]. Kenya, Madagascar, Mauritius,
Mozambique, South Africa, Tanzania, and Ugandaareall home
to PWID populations. Overdl, just under athird (30%) of people
who inject drugsin these regions are believed to have HIV, and
the proportion of new HIV infections arising from injection
drug usersis estimated to be as high as 75% to 80% percent in
Eastern European countries and some areas of South and
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Southeast Asia[41]. According to previous study, the majority
of PWID in Kenya (89%) reported injecting in groups, and
nearly a quarter (27.6%) of those who reported distributive
syringe sharing (sharing used syringes with others) reported
being infected with HIV [41]. In Tanzania, it is estimated that
15.5% of PWID are living with HIV, with HIV prevalence
among women who inject drugs thought to be higher than among
their male counterparts [42]. Between 85% to 96% of female
PWID engagein transactional sex, and half of those working
in transactional sex reported they had never used a condom in
the previous 30 days, although just 23% said they still used
condoms|[43]. 1n 2018, an estimated 21.8% of peoplewho inject
drugs in South Africa lived with HIV [10]. A 2015 study in 5
South African citiesfound 32% of men and 26% of women who
inject drugs regularly shared syringes and other injecting
equipment, and nearly half reused needles [44]. Evidence from
Kenya, Mauritius, Seychelles, and Tanzania suggests many
PWID acquire HIV before the age of 25 years [26]. The
interpolated mapsin our analysisidentified significant clustered
patterns of the spatial distribution of HIV seroprevalence in
Nigeriathat would have been missed using macro-level national
data. Spatia clustering of HIV seroprevalence, as shownin our
study, can be due to geographic mobility trends, high rates of
risky injection and sexual behaviors, and stigma and
discrimination. Studies have consistently linked residential
instability with high-risk behaviors (eg, syringe sharing and
exchanging sex for drugs or money) and HIV infection
[45]. Overall, HIV seroprevalence in our study ranged from
9.6% to 13.1% among MSM and from 9.3% to 12.7% among
PWID. Seropreval ence was disproportionately distributed across
the states. The median seroprevalence of 20.0% (95% CI
1.0-24.0) and 19.0% (95% Cl 2.2-23.0) for MSM and PWID,
respectively, in the Federal Capital Territory, and 18.5% (95%
Cl 3.0-23.0) for PWID in Lagos shows a concentrated epidemic
among these KPsin Nigeria. Surveillance data have shown that
women carry the highest burden of HIV on the African
continent, with national-level statistics reporting that women
have a higher HIV seroprevalence and incidence than men.
These reports are substantiated by findings from our study,
which showed that HIV seroprevalence among female PWID
was twice as high as that in male PWID (femae: 467/2485,
18.79%; male 659/6989, 9.42%).

Our study shows that, relative to the other age groups, MSM
aged 50 years and older have higher HIV seroprevalencein all
study areas. Our observation is consistent with previous studies
suggesting a steady increasein the number of peopleliving with
HIV who are 50 years of age and older [46]. A study from
Zimbabwe found that more than half of the adultsaged 50 years
and older included in the analysis had seroconverted after their
50th birthday [47]. Household survey resultsindicate that people
50 years of age and above are less likely than younger people
15-49 years old to have ever been tested for HIV [42]. In
comparison, older persons were found to be less likely to use
condoms during the most recent intercourse [48]. In our study,
HIV seroprevalence among female PWID wastwice as high as
that in male PWID, with female PWID having higher HIV
seroprevalence across all age groups. Data disaggregated by
sex from PWID show considerable geographic variationin HIV
prevalence among women who inject drugs (seroprevalence
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range 0%-65%) [49]. In Tanzania, 55% of young women (aged
17-25 years) who injected drugs were HIV positive compared
with 12% of young men who injected drugs [50]. In a review
of sex differences in settings in which HIV seroprevalence
among PWID is greater than 20%, women who inject drugs
were more likely than their male counterparts to be living with
HIV infection (pooled oddsratio 1.18; 95% CI 1.10-1.26) [51].
These findings indicate that the considerable heterogeneity in
HIV seroprevalence between and within the study states may
be clarified by sex and age-specific behaviors or characteristics.

Among MSM, the substantial decrease in HIV seroprevalence
observed in our study data compared to the IBBSS 2014 could
be attributed to better surveillance [52] and effectiveness of
HIV interventionsin the study states over 4 years. The minimum
comprehensive package of HIV interventions implemented in
these states and targeted at the general population and key
population groups included community and facility testing for
HIV, linkage of HIV-positive individuals to antiretroviral
treatment, and HIV treatment retention to improve vira
suppression. The findings from our study are substantiated by
reports from the NAIIS 2018, which showed a national HIV
seroprevalence in Nigeria of 1.4% among adults aged 15-49
years compared to previous nationa seroprevalence estimates
of 3.4% from the 2012 National HIV & AIDS and Reproductive
Health Survey. The NAIIS also showed that Nigeria had
demonstrated steady progress on increasing accessto treatment
for people living with HIV, adopting a test and treat policy in
2016. Among PWID, our results indicated a higher
seroprevalence compared to the 2014 IBBSS. The
disproportionately high seroprevalence among PWID in our
study compared to the 2014 IBBSS could be linked to the HIV
infection distribution pattern among PWID that suggests
overlapping risk groups with multiple transmission routes. For
example, some PWID are sex workers, buy or trade drugs for
sex, or are MSM, and may acquire HIV through sexual and
injecting routes[53]. The differences between the program data
and the IBBSSin HIV seroprevalence estimates may be dueto
differences in the sample size and HIV testing strategies. The
differences in the proportion of the KPs tested for HIV by the
state in the IBBSS suggests low participation in the survey
mainly attributable to fear of stigmaand criminalization by the
Same-Sex Marriage Prohibition Act and discrimination against
KPs. Although the IBBSS is implemented by the Federa
Ministry of Health through NASCP, the national KP program
is implemented by nongovernmental organizations through
technical, logistics, and funding support from PEPFAR and
bilateral development agencies (ie, United States Agency for
International Development [USAID], Centers for Disease
Control and Prevention, and the Department of Defense). The
program provides all KP types with differentiated HIV testing
and treatment services in a friendly and safe space at the
community level. KP are extremely mobile [54], but they are
more likely to participatein the program because of their regular
involvement and consi stent engagement with program personnel,
i.e., program staff who are KP, and are hired as peer-outreach
staff and HIV assessment counselors.

Recent studies outside sub-Saharan Africa have established a
high seroprevalence of HIV among overlapping high-risk
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populations such as PWID, MSM, and female sex workers.
There are multiple transmission routes. Epidemiological studies
from 2003 to 2015 in Tijuana, Mexico, reported a pooled HIV
seroprevalence of 3.4% among male PWID, but 8% among
male PWID who have sex with men, and 5% among male PWID
who are clients of female sex workers [51]. Similarly, pooled
studies from 2003 to 2015 reported a 5% HIV seroprevalence
among female sex workers, indicating arise from 6.7% among
female PWID and 7.3% among female sex workers who inject
drugs[51]. The 2018 National Survey on Drug Use and Health
in Nigeriareported that PWID constitutes asizeable proportion
of high-risk drug usersin Nigeria, with 1 in 5 high-risk drug
usersinjecting drugs [55]. The most common drugsinjected in
the past year were pharmaceutical opioids, followed by cocaine
and heroin. Women who injected drugs were more likely than
men to engage in high-risk sexua behaviors, further
compounding their risk for acquiring HIV, among other
infections [55]. These results corroborate findings from our
study that showed ahigher seroprevalence of HIV among female
PWID than among male PWID.

Limitations

A fundamental limitation of our study wasthat criminalization
through the Same-Sex Marriage Prohibition Act and
discrimination against KPs has driven several KPsunderground,
limiting the study's overall representation. Consequently,
continued discrimination and criminalization of KPs impede
access to health services and willingness to participate in
surveys. In 2014, the Nigerian government increased the
punishment for homosexuality to 14 yearsin jail. Anyone who
assists homosexual couples may face up to 10 yearsin prison
[56]. Mass arrests of suspected gay men in Nigeria have
followed. For example, in July 2017, the police arrested 40 men
at aprivate house party [57]. Laws criminalizing homosexuality
such asthese have pushed MSM into hiding, making them more
vulnerable to HIV [58].

At thetime of analysis, and inlinewith the NigeriaKP program,
HIV testing datawas disaggregated into 4 age categories, 15-19,
20-24, 25-49, and 50+ years. The agerange for HIV test results
was based purely on the nature of the program, and thusthe age
range of 25-49 years could not be broken down into broader
age categories, which might have influenced the variability of
HIV seroprevalencein that age group between MSM and PWID.
Given the length of the HIV testing data period (between
October 2016 and September 2017), the anaysis findings
provide valid benchmark evidencefor potential program reviews
evaluating improvementsin the adoption of HIV testing services
and tracking practices relevant to the study of HIV
seroprevalence variability among KPs. Program data used for
this analysis were collected at an aggregate level and did not
include individual or patient-level socioeconomic and clinical
characteristics of the study population that might have provided
further insightsinto the variation of HIV seropositivity. Due to
the unavailability of individual-level data, spatial regression
analysis could not be conducted.

Conseguently, the unavailability of theindividual-level variables
might have influenced the spatial analysis results, but the study
identified significant subnational clusters of HIV infection that
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can be prioritized for tailored HIV prevention and treatment
interventions. ldentifying areas where the burden of HIV
infection is concentrated might play a key role in identifying
populations at higher risk of infection. Despite our study method
of recruiting MSM and PWID for HIV testing being the same
asthat for the 2014 IBBSS, sample size variations might have
influenced findings. Our study analyzed 89% of MSM and 84%
of PWID compared with the 2014 IBBSS.

Future Work

Further studies are recommended to determine the immediate
effect of this prohibitive act on stigma, discrimination, and
engagement among MSM in HIV prevention and treatment
servicesin Nigeria. We suggest more studiesto exploretherisk
factors associated with spatial clustering of HIV infection
between MSM and PWID.

Optimizing the Impact of the KP Program

The large sample of KP data collected and used in our study
compared to other previous studies can be attributed to the peer
outreach model. Inthismodel, KPs aretrained as peer-outreach
workersto increase demand for tailored HIV services, improve
the quality of behavior change communication, and increase
access to HIV testing services—the starting point of the KP
cascade—via social networks. This approach yielded veritable
insights on the KP groups at the LGA level and offersaunique
opportunity to estimate national and subnational key population
size by scaling up the peer outreach method for data collection
inHIV programming. Asreflected in our study, thelarge sample
of MSM and PWID data indicates that KPs can be effectively
mobilized for HIV testing and treatment despitethelegal, policy,
and socia barriers. Based on the 2018 national KP size
estimation carried out by NASCP [59], the total KP in Nigeria
is estimated to be 720,000. About three-quarters (69%) of the
KP have been tested for HIV under the KP program. In our
program, KP’'shigh coveragein HIV testing offersan additional
viewpoint on the access and uptake of HIV testing services at
the community levels. We acknowl edge that while a significant
proportion of KPs living with HIV have been tested for HIV
by the national program, the study sample might not be
representative, as our study did not compare KP characteristics
included or not included in the national program. In our study,
this was another limitation.

Two studies in Uganda confirmed that program data routinely
collected from the prevention of mother - to - child transmission
programs can be used to monitor HIV prevalencetrends[60,61].
Nigeria has a mixed epidemic, and HIV prevalence is
disproportionality distributed among KPs. Aswe must wait for
every 5-yearsto conduct an IBBSS, which depends entirely on
the availability of funds, it is imperative to ensure frequent
measurements to monitor changesin new HIV infections. The
use of routine program data from groups with high-risk
behaviorslike MSM and PWID can help monitor trendsin HIV
seroprevalence at the community level. Identification of high
HIV prevalence regions using routine program data can guide
timely program management decisions on potential locations
to scale up antiretroviral treatment interventions (the era of test
and treat). Across several sub-Saharan Africa countries
(including Nigeria), UNAIDS currently uses routine program
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data in Spectrum Software to estimate the national HIV
prevalence and people living with HIV burden. The Spectrum
package uses the HIV prevalence over time from routine
program data or survey data together with demographic
information and epidemiological assumptions to model
age-specific HIV prevalence, incidence and mortality rates, and
the total number of people living with HIV [62].

Conclusions

To our knowledge, this study represents the most extensive
investigation on HIV seroprevalence among KPsin Sub-Saharan
Africa. We showed that there is significant clustering and
subnational variation in HIV seroprevalence among MSM and
PWID. The geographical variations in HIV seroprevalence
revedled by our anaysis mean that HIV infection is
disproportionately spread across Nigeria and confined to a
particular region. Toinform HIV prevention and care strategies
in the more generalized HIV epidemics across sub-Saharan
Africa, including in Nigeria, epidemiological assessment of the
geographical heterogeneity of HIV among MSM and PWID is
essential. Our results suggest that HIV seroprevalence among
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middle-aged adult female PWID is disproportionately greater
than among male PWID. PWID could transmit their HIV
infection to their sexual contacts and injecting partners, which
inturn may lead to the spread of HIV to the general population,
particularly in the context of transactional sex. Interventions
that significantly focus on women and their sexual and injecting
partners are essential to address these high HIV acquisitions
and transmission risks among KPs, particularly PWID. The
substantial decrease in HIV seroprevalence among MSM as
observed in our study data compared to the 2014 IBBSS
suggests improvements in the national HIV prevention and
treatment programs over the past 4 years. Understanding
heterogeneity in mixing patterns among KPs in concentrated
HIV epidemics may help in designing more effective
interventions. We recommend the use of routine HIV testing
service program data for the implementation of HIV infection
surveillance among K Ps. They should serve asan essential input
for statistical modelsthat estimate the national and subnational
burden and incidence of HIV using estimation and projections
tools.
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Abstract

Background: Cervical cancer is agrowing health concern, especially in resource-limited settings.

Objective: The objective of this study was to assess the burden of cervical cancer mortality and disability-adjusted life years
(DALY s) in the Eastern Mediterranean Region (EMR) and globally between the years 2000 and 2017 by using a pooled data
analysis approach.

Methods: We used an ecological approach at the country level. Thisincluded extracting data from publicly available databases
and linking them together in the following 3 steps: (1) extraction of data from the Global Burden of Disease (GBD) study in the
years 2000 and 2017, (2) categorization of EMR countries according to the World Bank gross domestic product per capita, and
(3) linking age-specific population data from the Population Statistics Division of the United Nations (20-29 years, 30-49 years,
and >50 years) and GBD’s data with gross national income per capita and globally extracted data, including cervical cancer
mortality and DALY numbers and rates per country. The cervical cancer mortality rate was provided by the GBD study using
the following formula: number of cervical cancer deaths x 100,000/female population in the respective age group.

Results: The absolute number of deaths dueto cervical cancer increased from the year 2000 (n=6326) to the year 2017 (n=8537)
in the EMR; however, the mortality rate due to this disease decreased from the year 2000 (2.7 per 100,000) to the year 2017 (2.5
per 100,000). According to age-specific data, the age group =50 years showed the highest mortality rate in both EMR countries
and globally, and the age group of 20-29 years showed the lowest mortality rate both globally and in the EMR countries. Further,
the rates of cervical cancer DALYs in the EMR were lower compared to the global rates (2.7 vs 6.8 in 2000 and 2.5 vs 6.8 in
2017 for mortality rate per 100,000; 95.8 vs 222.2 in 2000 and 86.3 vs 211.8 in 2017 for DALY rate per 100,000; respectively).
However, the relative difference in the number of DALY s due to cervical cancer between the year 2000 and year 2017 in the
EMR was higher than that reported globally (34.9 vs 24.0 for the number of deaths and 23.5 vs 18.1 for the number of DALY's,
respectively).

Conclusions: Wefound an increase in the burden of cervical cancer in the EMR as per the data on the absol ute number of deaths
and DALY s. Further, we found that the health care system has an increased number of cases to deal with, despite the decrease
in the absolute number of deaths and DALY s. Cervical cancer is preventable if human papilloma vaccination is taken and early
screening is performed. Therefore, we recommend identifying effective vaccination programs and interventions to reduce the
burden of this disease.
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Introduction

Globally, cervical cancer is one of the leading causes of
mortality in women [1] mainly due to human papillomavirus
(HPV) infection, smoking, and other risk factors[2]. Although
cervical cancer is highly preventable [3], it contributes to the
death of 260,000 women each year, of which nearly 85% occur
in low- and middle-income countries (LMICs) [4]. Global
cervical cancer incidence has increased from 378,000 casesin
1980 to 454,000 casesin 2010—an annual rateincrease of 0.6%
[5]. New cases of cervical cancer occur in al age groups more
often in LMICs than in high-income countries (HICs), where
46,000 persons out of 200,000 persons are in the age range of
15-49 years [5]. Additionally, there is a link between cervical
cancer and global inequalities, especially in the LMICs [6,7].
The cervical cancer mortality rate has decreased in HICs owing
to effective screening, access to treatment, and vaccinations.
Currently, the major burden of cervical cancer is present in the
LMICs[8].

The Eastern Mediterranean Region (EMR) consists of 22
countriesin the Middle East, North Africa, the Horn of Africa,
and Central Asia. This region includes some of the greatest
socia inequalities within countries and between countries in
the world [9]. Health disparities in this region are paralleled
with disparitiesin socioeconomic development [ 10]. The profile
of cancer prevalenceinthe EMR in 2017 showed that the highest
proportions of cervical cancer were found in North Africaand
theHorn of Africa[11]. Inthese countries, nationwide programs
of cervical cancer screening do not exist or are based on a
limited opportunistic cytology-based screening, which often
lacks quality assurance [12].

This study examined the burden of cervical cancer and potential
differences within the countries in the EMR in relation to the
level of national economic development and age of the patients.
The objective of this study was to assess the burden of cervical
cancer mortality and disability-adjusted life years (DALYs) as
the number of years|ost dueto disability or early death because
of cervical cancer in countries of the EMR and globally. The
following research questions were investigated:

1 What isthe pattern of mortality and DALY sdueto cervical
cancer in the EMR and globally? Further, what changesin
this pattern have occurred between the years 2000 and
20172

2. Do these rates differ by the level of national economic
development and age of the population?

Methods

Data Sources

Thiswas an ecological study that was conducted at the country
level. Three publicly available databases were linked together
in a three-step process. The first step consisted of extracting

https://publichealth.jmir.org/2021/5/€22160

cervical cancer dataat the country level from the Global Burden
of Disease (GBD) study in 2000 and 2017 [13] to provide the
numbers and rates of cervical cancer mortality as well as the
numbers and rates of DALY s. We chose the datafrom the years
2000 and 2017 asthe most recent data avail able from the cancer
registry system.

Measures and Analyses

The EMR consists of the following 22 countries: Afghanistan,
Bahrain, Djibouti, Egypt, Irag, Iran, Jordan, Kuwait, L ebanon,
Libya, Morocco, Oman, Pakistan, Palestine (West Bank and
Gaza), Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tunisia,
and the United Arab Emirates[14]. The cervical cancer mortality
of 122 countries was expressed as the overall mortality and
DALY s (number and rates) in the GBD study. Asthe countries
vary significantly in terms of their levels of economic
development, they were stratified, in the second step, to 3
standard world economy groups according to the World Bank
definition based on the gross national income per capitain 2017:
HICs a >US $12,056, MICs at US $996-12,055, and
low-income countries (LICs) at <US $995 [14]. The LICs are
Afghanistan and Somalia. The MICs are Djibouti, Egypt, Iraq,
Iran, Jordan, Lebanon, Libya, Morocco, Pakistan, Palestine
(West Bank and Gaza), Sudan, Syria, Yemen, and Tunisia. The
HICsare Bahrain, Saudi Arabia, Kuwait, Oman, Qatar, and the
United Arab Emirates [14]. The third step included extracting
age-specific population data (rate and frequency) from the
Population Statistics Division of the United Nations [15]. This
was necessary asthe GBD study datawere different from those
of the Population Statistics Division and they provide no rates
at regional or income level.

Cervical cancer mortality rates and DALY rates per 100,000
personswere extracted from the GBD database for peopl e ol der
than 20 years at the country level in the years 2000 and 2017
and then combined for an EMR average (n=22) and global
average of EMR plusall other countries (n=122). The mortality
rate formula was as follows: cervical cancer deaths (n) x
100,000/female population in the respective age group. The
resultswere then stratified by the 3income levels (high, middle,
low) and 3 age groups (20-29 years, 30-49 years, =50 years).
The burden of cervical cancer mortality was presented through
the compilation of 3 variables: (1) average mortality rates per
100,000 with minimum and maximum values to provide the
range as a measure of spread for cervical cancer mortality and
mortality from other diseases, (2) DALY s asameasure of total
burden, whereby 1 DALY represents 1 healthy year of life lost
to cervical cancer; the GBD study did estimate DALY's by
summing thefatal burden (yearsof lifelost) and nonfatal burden
(years of life with disability) due to cervical cancer [16], and
(3) relative difference (%) and absolute difference between
years 2000 and 2017 to show the comparative changesin deaths
and DALY numbers. The absolute difference equals the
difference between the 2 comparing numbers of years 2000 and
2017. Therelative differenceis equal to the value of the absolute
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difference divided by the value in the year 2000, and then we
multiplied it by 100 [17].

Results

The rates of cervical cancer mortality and DALY sin the EMR
werelower than the global rates; however, therelative difference
in the number of deaths and DALY's due to cervical cancer
between the years 2000 and 2017 in the EMR was higher than
that of the global data. Further, according to age-specific data,
the age group of =50 years had the highest mortality rates in
both EMR countries and globally and the age group of 20-29
years had the lowest mortality rate both globally andinthe EMR
countries. The EMR average mortality rate due to cervical
cancer was lower than the global average for both reference
years and al 3 income levels (Table 1). Within income levels,
the differences between EMR countries and the global average
is the most remarkable in the HICs. During the period
2000-2017, there was a decline in the mortality rate in the

https://publichealth.jmir.org/2021/5/€22160
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LMICs, both globally and in the EMR. Although there was a
decline in the average mortality rate in the EMR, there was an
increase in the mortality ratesin Egypt, Iran, Libya, Morocco,
Syria, Tunisia, and Yemen. Further, although the mortality rate
in the EMR according to the 3 income levels compared to the
global mortality rate was lower, the relative difference in the
number of deaths compared to the global relative differencein
the number of deathswas higher (Table 1). Therelative change
in the number of deaths due to cervical cancer in the EMR for
all income levels over the course of 2000 and 2017 was greater
than that seen globally (relative difference 34.9 vs 24.0,
respectively) (Table 1). In the EMR, the HICs showed the
greatest relative increase in the number of deaths (85.5%), and
among L1Cs, Afghanistan had greater relative increase compared
to Somalia. Among MICs, Iran had the greatest relative
difference and Iraq had the lowest; among the HICs, United
Arab Emirates showed the greatest relative increase and Bahrain
the lowest (Table 1).
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Table 1. Cervical cancer mortality among women older than 20 years in the Eastern Mediterranean Region by country and income level compared to

the global average in the years 2000 and 2017.

Group by income level, country Cervical cancer Cervical can- Cervical cancer Cervicd can- Relative differ-  Absolutediffer-
mortality rate  cer deaths mortality rate  cer deaths ence (%) inthe enceinthe
per 100,000 (n)inyear  per 100,000 (n)inyear  number of number of
womeninyear 2000 womeninyear 2017 deaths between  deaths between
2000, mean 2017, mean years 2000 and  years 2000 and
(min-max) (min-max) 20172 2017°

L ow-income countries globally 12.4(9.1-16.2) 26,884 10.0(7.1-13.6) 33,591 24.9 6707

L ow-income countriesin the EMR® 10.7 (6.3-15.0) 1448 7.9(4.7-115) 1930 333 482

Afghanistan 5.3(1.9-7.9) 468 39(1.7-5.7) 631 34.9 163
Somalia 20.9(14.7-28.3) 980 15.8(10.6-22.9) 1299 325 319
Middle-income countries globally 6.5 (5.7-7.7) 149,272 6.7 (5.4-8.0) 192,643 29.1 43,370
Middle-income countriesin the EMR 2.3(1.9-2.8) 4755 2.2(1.6-2.8) 6380 34.2 1625
Djibouti 16.0(10.6-22.9) 48 13.8(8.7-21.8) 72 50.4 24
Egypt 0.9(0.8-1.0) 292 1.0(0.8-1.2) 449 53.6 157
Iran 12(1.0-1.3) 397 1.8(14-19) 726 82.7 329
Irag 15(L0-21) 186 0.8(0.7-0.9) 168 9.4 -18
Jordan 15(12-19) 35 1.0(0.8-1.3) 48 37.2 13
L ebanon 24(20-28) 63 20(17-23) 82 312 20
Libya 25(2030) 61 32(24-41) 106 74.4 45
Morocco 5.5 (4.5-6.4) 823 5.7 (4.1-7.5) 1011 228 187
Pakistan 3.3(2.8-3.8) 2213 2.8(2.0-3.8) 2886 304 673
Palestine 1.2(10-14) 18 12(0.9-14) 28 56.2 10
Syria 09(0811) 73 11(0.8-14) 98 341 25
Tunisia 24(20-29) 119 25(1834) 145 225 27
Sudan 1.8(10-26) 242 14(0.9-20) 281 15.9 39
Yemen 09(0.811) 185 19(12-26) 279 50.8 94
High-income countries globally 6.0 (5.8-6.2) 32,475 5.4 (5.0-5.9) 32,444 -0.1 =31
High-income countriesin the EMR 1.0(0.8-1.2) 123 1.0(0.8-1.4) 227 85.5 105
Bahrain 19(17-23) 5 15(1.2-18) 8 511 3
Kuwait 1.1(L0-1.1) 8 0.7(06-08) 14 50.5 5
Oman 17(1.2-22) 17 15(11-1.8) 23 35.9 6
Qatar 14(11-18) 3 10(0.7-12) 6 122.9 4
Saudi Arabia 0.7(0.6-09 68 0.8(06-1.1) 117 711 49
United Arab 20(1524) 21 23(17-31) 60 187.2 39
Emirates
Global average (122 countries) 6.8(6.4-76) 208,631 6.8(6.3-7.1) 258,678 24.0 50,047
EMR average (22 countries) 2.7(21-34) 6326 25(1.8-34) 8537 34.9 2211

8Relative difference (%) in the number of deaths = (absolute difference in the number of deaths/number of cervical cancer deaths in 2000)* 100.

bAbsolute difference in the number of deaths = number of cervical cancer deaths in 2017 — number of cervical cancer deaths in 2000.

®EMR: Eastern Mediterranean Region.

DALY s dueto cervical cancer by income level globally and in
EMR countries have been shown in Table 2. The LICs had the
highest rates of DALY's both globally and in the EMR, with
rates in the EMR exceeding those seen globally. Somalia had
the highest rate of 761.5 DALY sin 2000 and 554.5 DALYsin
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2017. TheMICsinthe EMR had alower DALY rate than other
countries globally in both reference years. Within this income
level, Djibouti had the highest rate of 585.7 DALY's in 2000
and 497.6 DALYs in 2017. Globally, HICs showed a decline
in the DALYs in 2017 whereas HICs in the EMR showed an
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increasein 2017. Within thisincomelevel, Emiratesand Bahrain
had the highest rate of 65.6 DALY's per 100,000 in the year
2000 and Emirates had the highest rate of 81.9 DALY's per
100,000 in the year 2017 (Table 2). The relative difference in
the number of DALY sin the EMR for the 3 income levelswas
higher than that in the DALY sglobally (Table 2). Among LICs
in the EMR, Afghanistan had the highest relative differencein
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the number of DALY sand among the MICsinthe EMR, Libya
had the highest relative difference and Irag had the lowest
relative difference in the number of DALYs. Among the HICs
inthe EMR, Emirates had the highest relative difference in the
number of DALY sand Oman had the lowest relative difference
in the number of DALY s (Table 2).
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Table 2. Disability-adjusted life years data due to cervical cancer anong women older than 20 years in the Eastern Mediterranean Region by country
and income level compared to the global average in the years 2000 and 2017.

Group by income level, country Cervical cancer DALY num- Cervical cancer DALY num- Relativediffer- Absolutediffer-
DALY? rate per berinyear DALY rateper berinyear ence(%)inthe enceinthe
100,000women 2000 100,000 women 2017 number of number of
in year 2000, inyear 2017, DALY s be- DALY s be-
mean (min- mean (min- tween years tween years
max) max)© 2000 and 2017° 2000 and 2017°

L ow-income countries globally 435.3(312.8- 941,128 343.9(239.4- 1,157,715 230 216,587
566.6) 472.8)

L ow-income countriesin the EMR® 388.8(227.8- 52,554 287.0(162.8- 69,812 328 17,258
553.0) 424.4)

Afghanistan 191.2 (65.2- 16,895 150.6 (64.5- 24,265 436 7371
296.4) 227.1)

Somalia 761.5(534.7- 35,659 554.5(355.7- 45546 277 9887
1037.1) 811.5)

Middle-income countries globally 217.4(187.6- 5,003,701 213.0(167.5- 6,086,292 21.6 1,082,592
260.8) 255.4)

Middle-income countriesin the EMR 80.5(64.7-97.8) 165,567 73.3(52.9-98.2) 216,480 30.8 50,913

Djibouti 585.7 (389.7- 1754 497.6 (308.6- 2598 48.1 844
840.8) 795.5)

Egypt 31.2(27.1-36.3) 10,191 32.3(25.7-40.2) 15,065 47.8 4875

Iran 39.5(33.3-43.3) 13,058 51.8(41.6-55.6) 20,993 60.8 7936

Iraq 51.8(32.5-74.8) 6619 26.8(22.2-32.4) 5636 -14.9 -983

Jordan 52.2(42.9-64.8) 1223 29.8(22.9-39.4) 1482 21.2 259

Lebanon 77.4(63.4-91.9) 2043 59.3(49.4-72.1) 2505 22.6 461

Libya 85.0 (68.0- 2092 112.2 (81.8- 3758 79.7 1667
104.7) 145.0)

Morocco 182.7 (147.2- 27,265 181.1 (131.0- 31,984 17.3 4720
215.1) 239.0)

Pakistan 118.4(100.9- 80,013 100.8 (71.4- 105,213 315 25,200
139.9) 141.5)

Palestine 36.6(29.3-42.7) 545 347(26.2-41.2) 825 515 280

Syria 32.0(26.8-39.2) 2592 34.3(25.1-44.2) 3051 17.7 459

Tunisia 73.4(59.7-87.3) 3604 71.0(50.7-94.7) 4075 131 471

Sudan 60.8(31.9-90.8) 8142 485(28.6-69.5) 9644 185 1502

Yemen 70.4 (38.8- 6426 64.1(39.1-92.6) 9648 50.1 3222
105.6)

High-income countries globally 158.4 (152.4- 854,589 131.7(119.7- 787,560 7.8 —67,028
164.8) 144.8)

High-income countriesin the EMR 32.8(26.7-41.1) 4193 38.0(28.7-50.3) 8274 97.3 4081

Bahrain 65.6(57.3-78.7) 183 46.8(39.2-57.1) 261 429 78

Kuwait 39.3(35.7-43.2) 315 26.5(22.9-30.5) 515 63.5 200

Oman 58.9(42.9-78.7) 598 50.6(38.1-64.3) 790 32.2 193

Qatar 47.7(37.6-61.5) 99 33.8(255-44.0) 228 131.7 130

Saudi Arabia 24.4(20.2-30.7) 2302 30.1(22.8-40.4) 4348 88.9 2046

United Arab Emirates 65.6(51.8-82.0) 697 81.9 (58.6- 2132 205.8 1435
111.6)

Global average (122 countries) 222.2 (206.2- 6,799,418 211.8 (197.8- 8,031,567 181 1,232,149
245.9) 220.8)
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Group by income level, country Cervical cancer DALY num- Cervical cancer DALY num- Relativediffer- Absolutediffer-
DALY 2rate per berinyear DALY rateper berinyear  ence(%)inthe enceinthe
100,000women 2000 100,000 women 2017 number of number of
in year 2000, in year 2017, DALY s be- DALYsbe
mean (min- mean (min- tween years tween years
max) max)® 2000 and 2017° 2000 and 2017°

EMR average (22 countries) 95.8 (72.1- 222,314 86.3 (59.2- 294,566 325 72,252
121.2) 118.4)

3DALY: disability-adjusted life year.

bRelative difference (%) in the number of DALY s = (absol ute difference in the number of DALY s/number of cervical cancer DALY s in 2000)* 100.
CAbsol ute difference in the number of DALY s = number of cervical cancer DALY sin 2017 — number of cervical cancer DALY s in 2000.

9EMR: Eastern Mediterranean Region.

The age group of =50 years had the highest mortality rate in
both EMR countries and globally and the age group of 20-29
years showed the lowest mortality rate both globally and in the
EMR countries. Among EMR countries, Somalia and Djibouti
showed the highest mortality ratein all the age groups. Kuwait
had the lowest mortality ratefor the age group of =250 years (5.9
per 100,000 in 2000 and 3.3 per 100,000 in 2017) and Qatar
had the lowest mortality rate in the age group of 30-49 years
(1.5 per 100,000 in 2000 and 0.7 per 100,000 in 2017). Oman
had the lowest mortality rate of 0 per 100,000 in 2017 for the
age group of 20-29 years (Table 3).

The relative difference in the number of deaths between 2000
and 2017 in EMR-LICs for age groups 20-29 years and 30-49
years was higher than the global difference (12.8% and 49.6%

https://publichealth.jmir.org/2021/5/€22160

vs 4.7% and 21.9, respectively), but it was lower for the age
group >50 years (25.1% vs 27.3%) (Table 3). In MICs, this
variable in EMR countries was lower than that seen globally
for the age groups 20-29 years and 30-49 years (13.5% and
27.4% vs—24.4% and 4.3%, respectively), but it was higher for
the age group >50 years (39.0% vs 43.7%). The relative
difference in the number of deathsin EMR-HICs for the 3 age
groups was higher than that reported globally (25.6%, 110%,
and 74.8% vs—16.5%, —26.9%, and 6.7%, respectively). Among
the EMR countries, the United Arab Emiratesand Saudi Arabia
showed an increase in the relative difference in the number of
deathsin 2017. Further, in the EMR-MICs, Egypt, Iran, Libya,
and Syria showed an increase in the relative difference in the
number of deathsin 2017, while L1Cs showed adecreasein the
relative differencein 2017 (Table 3).
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Table 3. Cervica cancer mortality rates among women older than 20 years in the Eastern Mediterranean Region by age, country, and income level
compared to the global average in the years 2000 and 2017.

Group by income level, country Average cervical cancer mortality rate per 100,000 women by agerange  Relative difference (%) in the

number of deaths between

Year 2000, mean (min-max) Year 2017, mean (min-max)

years 2000 and 20172
20-29 30-49 >50years 20-29 30-49 >50years 20-29 3049 =50
years years years years years years years
L ow-income countries globally 25(1.3- 530 94.8 16(08- 382 774 4.7 219 27.3
42) (32.3- (67.8- 2.9) (22.6- (53.7-
79.4) 127.6) 59.8) 107.7)
L ow-income countriesin the EMR® 20(08 57.8 722 15(0.7- 346 729 128 496 251
3.7) (28.7- (42.6- 2.9) (16.1- (44.5-
96.4) 101.8) 59.7) 106.7)
Afghanistan 13(04- 31.1(86- 3438 11(04- 206(7.0- 319 19.7 1050 -01
2.7) 57.8) (14.4- 2.1) 36.8) (16.2-
52.0) 45.6
Somdlia 33(17- 90.8 153.2 24(1.2- 656 135.3 7.1 26.1 375
5.7) (53.5- (108.4-  45) (36.6- (90.3-
143.2) 208.4) 109.1) 201.5)
Middle-income countries globally 1.0(0.7- 16.9 31.8 0.6 (0.4- 13.0(95- 26.6 —24.4 4.3 43.7
1.4) (135- (27.7- 0.9) 16.6) (21.1-
21.3) 38.4) 32.0)
Middle-income countriesin the EMR 05(0.3- 7.7(49- 159 04(0.2- 57(34 133(9.7- 135 274 39.0
0.8) 11.3) (12.3- 0.8) 8.9) 17.7)
19.7)
Djibouti 21(11- 632 1139 13(0.6- 418 78.7 81 491 53.1
37) (37.1- (75.3- 2.4) (23.2- (50.3-
101.8) 159.5) 71.6) 121.1)
Egypt 01(01- 28(1.9- 63(51- 01(01- 26(1.6- 67(51- 342 35.8 64.6
0.2) 4.0) 7.6) 0.2) 3.8) 8.6)
Iran 02(02- 33(27- 85(72- 02(01- 25(20- 102(7.9- -214 373 109.0
0.3) 3.8) 9.5 0.2) 2.8) 11.1)
Iraq 03(05 63(31- 11.9(90- 01(01- 23(33 56(46- -233 241 06
0.1) 10.3) 16.4) 0.2) 1.6) 6.7)
Jordan 0.2(0.1- 58(39- 124 01(0.0- 1912 75(5.7- -265 52 56.9
0.4) 8.2) (10.0- 0.1) 2.9) 10.3)
16.6)
Lebanon 03(02- 7.2(47- 154 02(0.1- 40(26- 122(96- 28 20.4 36.6
0.5) 10.5) (12.3- 0.3) 5.8) 15.2)
19.0)
Libya 04(02- 88(57- 169 03(02- 78(47- 154 0.3 97.8 65.9
0.7) 12.9) (13.1- 0.6) 11.9) (11.3-
22.2) 20.6)
Morocco 05(0.3- 155(9.9- 306 04(0.2- 11.1(6.6- 238 -12.6 18 32.8
0.9) 22.1) (235- 0.7) 17.3) (17.3-
37.0) 31.2)
Pakistan 11(0.6- 11.8(7.8- 20.8 08(04- 90(3 171 24.3 37.6 27.1
17) 17.0) (16.5- 1.6) 14.5) (12.5-
25.3) 24.2)
Palestine 02(0.1- 38(25 138 01(0.1- 26(17- 121(88- 180 40.8 62.6
0.2 5.4) (11.0- 0.2) 3.8) 14.7)
16.5)
Syria 02(01- 36(25 70(58 01(01- 22(14 65(50- 484 64 63.6
0.3) 5.1) 8.9) 0.2) 3.6) 8.1)
Tunisia 0.2(0.1- 54(35 143 01(0.1- 34(20- 11.2(80 -332 -10.9 35.6
0.3) 7.7) (11.6- 0.2) 5.3) 15.3)
18.0)
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Group by income level, country

Year 2000, mean (min-max)

Average cervical cancer mortality rate per 100,000 women by agerange  Relative difference (%) in the

ber of deaths betw
Year 2017, mean (min-max) Aumber o S een

years 2000 and 20172
20-29 30-49 >50years 20-29 30-49 >50years 20-29 3049 =50
years years years years years years years
Sudan 04(0.1- 7.2(29- 146(9.2- 02(01- 52224 11.3(76- -09 221 135
0.7) 12.5) 22.2) 0.4) 8.7) 15.9)
Yemen 04(02- 95(41- 188 03(0.1- 7.1(34- 155 30.3 49.0 52.9
0.7) 16.3) (11.1- 0.5) 11.9) (10.6-
28.4) 22.1)
High-income countries globally 04(0.3- 82(74- 195 0.3(0.2- 56(4.7- 149 -16.5 -26.9 6.7
0.4) 9.1) (18.6- 0.4) 6.7) (13.4-
20.5) 16.4)
High-income countriesin theEMR 01(0.1- 23(1.6- 84(67- 01(.0 1710 7.2(54 256 110.0 74.8
0.2) 3.4) 10.7) 0.1) 2.6) 9.2)
Bahrain 02(0.1- 33(23 174 01(0.1- 12(08 96(7.7- -68 7.2 75.5
0.4) 47) (14.4- 0.2) 1.7) 12.3)
22.6)
Kuwait 01(0.1- 25(19- 59(52- 01(00- 15(1.1- 3329 -05 67.4 575
0.2) 3.3) 6.6) 0.1) 2.0) 3.8)
Oman 02(0.1- 53(33 142 0.1(0.0- 24(15 102(76- 158 255 43.9
0.4) 8.1) (10.9- 0.1) 3.8) 13.0)
18.8)
Qatar 0.1(0.0- 15(0.9- 152 00(0.0- 0.7(04- 80(6.0- 1846 125.6 120.7
0.1) 2.3) (19.4- 0.1) 1.1) 10.4)
11.8)
Saudi Arabia 01(0.1- 20(14 63(.2= 01(00- 17(11- 53(41- 385 1095 512
0.1) 2.8) 7.8) 0.1) 2.6) 6.6)
United Arab Emirates 0.1(0.1- 25(16- 266 01(0.1- 17(10- 212 23 256.5 165.6
0.2) 3.8) (29.7- 0.2) 2.7) (15.1-
33.7) 27.8)
Global average (122 countries) 1.0(0.9- 16.7 29.9 0.7(0.6- 133 24.9 -19.1 38 35.0
11) (15.3- (28.4- 0.7) (12.1- (23.3-
18.5) 32.8) 14.0) 25.9)
EMR average (22 countries) 06(0.3- 92(56- 189 04(0.2- 6.7(38 156 135 345 36.6
1.0 14.0) (13.8- 0.8) 10.7) (11.0-
24.2) 21.1)

8Relative difference (%) in the number of deaths = ([number of cervical cancer deaths in 2017 — number of cervical cancer deathsin 2000]/number of

cervical cancer deaths in 2000)* 100.
PEMR: Eastern Mediterranean Region.

Both globally and in the EMR, DALY's declined for all age
groups in the period of 2000-2017. The global average of
DALY sfor the 3 age groups was higher than the EMR average
in both the reference years, and the age group of 30-49 years
showed the highest number of DALY s(Table 4). The agegroup
of 30-49 years showed the highest rate of DALY sboth globally
and in the EMR and for the 3 income levels. HICsin the EMR
was the exception in this age group asthey showed alower rate
of DALY s compared to the age group of =50 years. LICs, both
globally and in the EMR, showed a decline in the DALY's for
the 3 age groups in 2017 compared to 2000. Somalia had the
highest number of DALYs for al 3 age groups and both
reference years. MICs in the EMR showed lower rates of
DALYs for the 3 age groups and in both reference years.
Djibouti had the highest rates of DALY sfor all age groups and
in both reference years. Egypt had the lowest rates of DALY's
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for al 3 age groupsin 2000 and for the age group =50 yearsin
2017. Jordan had the lowest number of DALY for the age
groups of 20-29 years and 30-49 yearsin 2017 (Table 4). The
distribution of the relative difference in the number of DALY's
for the different age groups showed that the DALYs of
EMR-LICs were higher than those of the global countries for
the age groups of 20-29 years and 30-49 years (14% and 50.6%
vs 5.5% and 21.8%, respectively). Further, it was lower for the
age group >50 years (18.2% vs 26%, respectively). Afghanistan
had the highest relative difference in the number of DALY s of
95.0% for the age group of 30-49 years (Table 4). EMR-MICs
had higher relative difference in the number of DALY's than
the global MICsfor all 3 age groups (Table 4). The age group
of 20-29 years in Egypt had the highest relative difference in
the number of DALY s of 35.7%, and the age group of 30-49
yearsin Libyahad the highest relative difference of 95.9%. For
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the age group >50 years, Iran had the highest rel ative difference
in the number of DALYs of 98.0%. Finally, EMR-HICs had
higher relative difference in the number of DALY s than global
HICs for al 3 age groups (28.1%, 111.6%, and 90.6% vs
—15.4%, —26.2%, and 3.4%, respectively). Among EMR-HICs,
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the age group of 20-29 years in Qatar had the highest relative
differencein the number of DALY s of 192.8% and age groups
of 30-49 years and >50 yearsin Emirates had the highest relative
difference of 258.9% and 185.6%, respectively (Table 4).
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Table 4. Disability-adjusted life years data due to cervical cancer anong women older than 20 years in the Eastern Mediterranean Region by age,
country, and income level compared to the global average in the years 2000 and 2017.

Group by income |evel, country Average cervical cancer DALY 2rate per 100,000 women by agerange Relative differenceb(%) in
ber of DALYs"™ (2000
Year 2000, mean (min-max) Year 2017, mean (min-max) 281m7)er © s Vs

20-29 30-49 >50years 20-29 30-49 >50years 20-29 30-49 >50
years years years years years  years  years

L ow-income countries globally 161.5 2473.0 2062.9 106.7 1783.2 1641.5 55 21.8 26.0
(85.5- (1496.9- (1466.6- (54.8- (1051.3- (1128.3-
268.9) 3715.7) 2779.8) 188.5) 2807.4)  2294.7)

L ow-income countriesin the EMRC 1281 26377 16897  97.3 16282 16173 140 506 182
(536-  (12946- (986.3- (433  (754.6-  (972.9-
2357)  44258) 23982) 187.5)  28153) 2364.2)

Afghanistan 85.8 14567  783.9 69.9 971.6 697.3 219 950  -18
(258 (4028 (3006~ (258 (3312~  (330.0-
169.6)  27192) 11832) 1366)  1749.2)  1001.0)

Somdlia 2138 41869 35551 1525 30229 30065 7.6 304 273
(109.5-  (2458.3- (24836- (772~  (1679.8- (19785
3700)  6609.7) 48845) 2940)  5033.9) 4457.5)

Middle-income countries globally 65.6 801.3 642.6 43.1 628.7 532.0 -81.4 -86.1 17.6
(47.3 (638.8- (555.4- (29.8- (447.7- (412.6-
88.9) 1011.8) 778.8) 62.3) 838.0) 643.9)

Middle-income countriesin the EMR 345 3681 3268 268 2723 2595 146 283 360
(19.7-  (2327- (2493 (13.7- (1621~  (185.7-
55.9) 5427)  407.8)  50.3) 4297)  345.1)

Djibouti 1354  2907.3 25695 822 19406 17146 87 509 492
(69.1-  (1707.0- (16756- (39.0- (10768 (1082.4-
237.0)  4709.3) 36746) 155.3)  33304) 2677.9)

Egypt 89(5.1- 1346 1205 83(44 1227 1224 357 369 612
14.4) (905  (97.7-  14.6) (74.6- (935
1930)  146.7) 1842)  156.5)

Iran 16.7 158.8 163.1 10.6(8.2- 121.3 1762  -202 377 980
(130- (1304 (1369 126) (988 (1364
20.1) 182.6)  1818) 1385)  190.3)

Irag 17.4(7.4- 2985 2374  84(50- 1108 1061  -220 244 29
31.6) (1456-  (169.3- 13.6) (76.2- (865
486.0)  336.8) 156.2)  128.0)

Jordan 15.2(8.9- 2746 2514  55(31- 921 1360  -252 35 445
24.0) (1855  (2000-  9.3) (594 (102.9-
3946)  334.0) 1395)  186.6)

Lebanon 215 3486 3021 13.8(7.9- 194.7 2225 60 220 249
(123~ (2255 (2393  236) (1244-  (174.9-
35.3) 506.7)  374.7) 2853)  279.2)

Libya 24.5 4205 340.0 22.0 3732 300.4 1.4 %59 736

(130- (2675 (2613 (116  (2254-  (224.1-
44.1) 618.9)  4387)  39.0) 575.0)  416.2)

Morocco 345 7179 6683 262 5177 4941  -11.3 19 312
(189-  (4580-  (488.1- (131 (3065  (344.1-
56.0) 1030.1) 820.3)  46.9) 812.3)  647.7)

Pakistan 702 5658 4433 521 4334 3503 254 387 256

(403~ (3728 (3526- (55 (2552~ (2505
1151)  8241)  5434)  1033)  704.4)  4913)

Palestine 10.7(6.5- 182.8 245.2 6.9(39- 1272 202.4 18.9 39.1 64.0
16.3) (119.6- (194.7- 11.4) (83.3- (153.0-
261.9) 297.8) 184.1) 245.4)
Syria 12.0(7.1- 1732 140.7 88(44- 1071 123.7 —A47.4 —1.7 58.6
19.0) (117.2- (115.5- 15.1) (64.6- (91.8-
243.8) 183.0) 171.8) 158.2)
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Group by income level, country

Year 2000, mean (min-max)

Average cervical cancer DALY 2rate per 100,000 women by agerange Relative difference (%) in

number of DALYsP (2000 vs
Year 2017, mean (min-max) " ( v

2017)
20-29 30-49 >50years 20-29 30-49 >50years 20-29 30-49 >50
years years years years years years years
Tunisia 13.2(7.6- 259.1 269.5 83(4.2- 1655 199.6 -32.1 -11.3 34.8
20.9) (168.2- (216.5- 15.4) (95.9- (141.2-
375.4) 339.7) 259.7) 274.6)
Sudan 23.7(9.4- 339.9 284.8 15.1(7.2- 2481 217.8 0.1 225 16.7
43.9) (134.9- (273.1- 26.8) (113.8- (140.3-
595.9) 430.4) 415.3) 309.9)
Yemen 25.2 448.1 381.2 179(8.4- 335.1 3115 315 51.2 51.7
(10.3- (192.1- (217.9- 30.8) (157.4- (208.3-
45.3) 769.9) 575.2) 561.7) 450.8)
High-income countries globally 24.6 399.8 3394 20.7 275.5 249.9 -15.4 -26.2 34
(20.6- (357.9- (321.9- (16.4- (228.7- (224.1-
29.7) 445.7) 357.8) 26.2) 331.6) 278.0)
High-income countriesin the EMR 7645 1120 154.4 53(28- 76.9 124.9 28.1 111.6 90.6
12.1) (75.3- (121.5- 9.0) (46.7- (92.9-
162.9) 199.7) 121.4) 161.6)
Bahrain 16.1(8.0- 160.0 333.0 9.7(47- 565 166.5 -55 57 86.7
25.3) (109.8- (271.0- 16.3) (37.6- (132.9-
226.1) 424.9) 83.6) 214.7)
Kuwait 86(59- 1218 1155 48(3.0- 720 62.6 11 66.3 71.4
12.1) (90.5- (100.4- 7.3) (52.0- (52.7-
158.9) 131.5) 99.3) 73.8)
Oman 14.7(8.1- 2545 268.9 115.1 724 121.4 17.3 28.0 40.3
24.9) (157.3- (201.6- (84.6- (44.4- (81.0-
388.9) 361.8) 149.4) 112.7) 174.6)
Qatar 54(31- 720 266.4 22(12- 347 135.6 192.8 130.9 129.8
8.9 (45.5- (202.6- 3.6) (21.4- (100.0-
111.6) 346.4) 53.7) 177.5)
Saudi Arabia 6.1(3.7- 95.8 111.4 4423 820 95.0 41.8 111.9 68.5
9.6) (66.6- (89.8- 7.6) (50.7- (72.7-
135.4) 143.0) 127.8) 119.9)
United Arab Emirates 9.1(5.0- 1137 486.3 6.9(12.2- 804 354.4 37 258.9 185.6
15.6) (72.8- (356.1- 3.7) (46.5- (250.7-
176.0) 624.4) 129.8) 472.1)
Global average (122 countries) 65.8 795.3 596.3 44.6 631.5 491.6 -18.3 3.2 35.7
(57.2- (726.2- (562.2- (40.0- (575.4- (456.4-
73.7) 874.5) 655.4) 49.1) 669.8) 512.0)
EMR average (22 countries) 29.9 413.6 349.1 25.2 299.1 261.2 -20 -11.8 8.0
(21.0- (340.7- (317.9- (16.1- (218.8- (223.5-
42.1) 501.7) 381.6) 40.1) 405.3) 303.5)

3DALY: disability-adjusted life year.

bRelative difference (%) in the number of DALY s = ([number of cervical cancer DALY sin 2017 — number of cervical cancer DALY s in 2000]/number

of cervical cancer DALY sin 2000)*100.
°EMR: Eastern Mediterranean Region.

Discussion

Principal Findings

In this study, we report the results of the data analysis on both
mortality and DALY s associated with cervical cancer in 22
countries in the EMR. We found a change in the number of
deaths and mortality rates from the year 2000 to the year 2017.
Although the number of deaths due to cervical cancer has

https://publichealth.jmir.org/2021/5/€22160

RenderX

increased in the year 2017 (n=8537) compared to that in the
year 2000 (n=6326) in the EMR, the mortality rate decreased
in 2017 (2.5 per 100,000) compared to that in 2000 (2.7 per
100,000). The population expansion in the younger age groups
may have contributed to the reduction in the mortality rates.
For example, the population size in EMR-LICs in 2017
increased two-fold in comparison to that in the year 2000.
According to the causation and nature of cervical cancer, there
exists 10-20 years of gap between HPV infection and the
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development of cervical cancer. Thus, this disease is nhot seen
inthe younger generation; therefore, popul ation expansion does
not affect the number of deaths whereas mortality rate
calculation under itsinfluence decreases, asreported in previous
studies [18]. Previous studies have shown that mortality rates
and DALY rates are low in Saudi Arabia and Iran [18,19];
therefore, 1 study suggested that the cost-effectiveness of
investment on HPV vaccination should be examined and if the
incidence of cervical cancer istruly low, there is no reason for
public health to institute either screening or vaccination [20].

Our results showed that large differences existed within the
EMR in both deaths and DALY s. Considering the stratification
by country income level, wefound that HICs carried the largest
burden of deaths and the number burden of DALY s for the 2
reference years (85.5%) compared to MICs and LICs (34.2%
and 33.3%, respectively) and for all the 3 age groups (25.6%,
110%, and 74.8% vs 13.5%, 27.4%, and 39% vs 12.8%, 49.6%,
and 25.1%, respectively). The EMR-HICs, unlike the HICs
globally, may have higher relative difference evenin comparison
to LICs. This might have different causes apart from their
economic level that are common in countries of the EMR.

In our study, we consider that one cause that may be relevant
is the economic development of the Gulf region in the last 3
decades. This development may have improved the access to
health care services, education, and changes in lifestyle and
nutrition and traditional social and family structures [11]. For
example, marriage in some areas includes the practice of either
polygamy or temporary marriage, known by the names of
“mesiar and mesfar”; this may contribute to the increase in the
prevalence of HPV infections [21]. The first notable factor in
this region is the lack of a reliable system of registry for
diseases, including cervical cancer. According to the World
Health Organization (WHO) cancer country profiles,
Afghanistan [22], Somalia[23], Djibouti [24], Libya[25], and
Pakistan [26] do not have a cancer registry. As per the WHO,
the situation of cervical cancer in EMR should be assessed and
improved [1]. The WHO'’s first step is related to primary
prevention through immunization against HPV of all
9-13-year-old girls before their sexual debut. HPV in almost all
of the cases is the main attributable risk factor for cervical
cancer, and the risk of developing cervical cancer is highly
associated with the age of first intercourse; the younger the
individual, the more is the probability of developing infection
into papillomavirus-associated cancer [27]. All the countriesin
the EMR report the prevalence of HPV strains 16 and 18 (the
most oncogenic subtypes of HPV) in women with normal
cytology—from 0.2% in Kuwait [28] up to 4.8% in Somalia
[29] and Djibouti [30], which has the potential to progress to
cervical precancer and cancer in 10-20 years. The prevalence
of HPV strains 16 and 18 in low-grade lesions was from 20.8%
in Morocco [31] and Libya[32] up to 42.9% in Iran [33] and
that in high-grade lesions was from 45.7% in Somalia[29] and
Djibouti [30] up to 63.4% in Afghanistan [34] and Pakistan
[35]. In women with cervical cancer, the prevalence was from
58.6% in Iran [33] up to 92.7% in Jordan [36]. This shows the
importance of HPV vaccination in these countriesto ensure that
theinfection does not progressto cervical precancer and cancer.
Among the EMR countries, Libya[31] has had anational HPV
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vaccination program since 2013, and Emirates[37] had apartial
program since 2008. In addition, in the EMR, education and
knowledge on cervical cancer are reported as important
determinativefactorsin primary prevention [38]. Theincreased
education of women and their families about cervical cancer,
its causes, signs, symptoms, and preventions will engage them
morein the preventive and screening practices[38]. TheWHO's
other primary preventive measures are “Girls and boys, as
appropriate—Health information and warnings about tobacco
use—Sexuality education tailored to age and culture—Condom
promotion/provision for those engaged in sexual activity—Male
circumcision” [1]. Almost all of the countries of the EMR report
more than 80% male circumcision, and the usage of condom is
low from 0.0% in Somalia[29] and Sudan [39] up to 13.8% in
Iran [33]. With regard to the sexual education for girlsand boys,
astudy conducted in Iran generalized the matter to all Muslim
countries and reported the social unacceptability of sexual health
education for unmarried people due to religious and cultural
prohibition of extramarital sex, in particular, for girls. Further,
sexual education highlights the effect of technology
improvement and internet on the sexual behaviors of youth,
including extramarital relationships, and this should not be
denied [40]. The WHO’s second step to comprehensive
prevention and control of cervical cancer isrelated to secondary
prevention through effective screening of women older than 30
years and treatment as needed with low-cost technology, for
example, visual inspection with acetic acid (V1A) followed by
cryotherapy [1]. Inthe EMR, Somalia[29], Djibouti [30], Libya
[32], Sudan [39], and Yemen [41] have no cervical cancer
screening programs. Two countries, Tunisia[42] and Morocco
[31], have quality assurance structures, which supervise and
monitor the screening; however, none of them has an active
invitation for screening. In Egypt, the cost of screening and
treatment is not covered by public funding; therefore, this is
considered as a nonaffordable service by over 40% of the
Egyptian women [43]. Cytology is considered as the main
screening test in EMR, except for Morocco [31] and Pakistan
[35] where VIA is used. The VIA is suggested especialy in
LICs and rural areas that do not have access to health care
facilities [44]. Further, women face additional challenges such
as language, transportation, insurance, and family pressure as
inhibitors for obtaining regular cervical cancer screening,
especialy in caseit is perceived as athreat to their cultural and
religious values [45]. The reported barriers in the rura areas
arethefinancial costs, acceptance by husbands, and availability
of afemale health care provider [43].

The early detection of cancer reduces financial burdens, both
on the health care system and economically [46]. Screening and
vaccination programs are considered to be more accessible and
effective than relying only on cancer treatment. For example,
in Saudi Arabia, the pap test is fully subsidized in public
hospitals, and it costs US $50 in private clinics. Yet, these costs
are negligible compared to the costs of cervical cancer treatment,
where it can vary between US $14,000-US $30,000 during the
first year of therapy [21].

The WHO recommends acomprehensive prevention and control
of cervica cancer, which is related to tertiary prevention for
women older than 30 years. This includes treating invasive
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cancer at any age, including ablative surgery, radiotherapy, and
chemotherapy palliative care [1]. However, radiotherapy is not
generaly availablein Afghanistan [22], Somalia[23], Djibouti
[24], Egypt [47], and Pakistan [26] and is generally available
in other countries of the EMR. The availability of radiotherapy
centers ranges from 1 center in Yemen [48], Bahrain [49],
Kuwait [50], Oman [51], and Qatar [52] up to 40 centersin Iran
[53]. The availability of radiation clinics ranges from 3 centers
in Qatar [52] up to 237 centersin Egypt [47]. Chemotherapy is
not available in Afghanistan [22], Somalia[23], Djibouti [24],
Egypt [47], and Pakistan [26], but it is available in other
countries of the EMR. Finally, community/home carefor people
with advanced-stage cancer is only available in 2 countries of
the EMR, namely, Bahrain [49] and Kuwait [50].

Authors Contributions

Safaeian et &

Study Limitations

The ongoing civil unrest may have affected the quality of the
health data in the EMR, as the GBD study uses modelling
techniques to generate the estimates based on other available
variables or data from countries with asimilar health profilein
the neighboring region for countries that have insufficient data.
In this study, we used data on the numbers of mortality, crude
death rate, and DALY rate. Moreover, theincidence of cervical
cancer was not examined.

Conclusion

Cervical cancer isbecoming amajor probleminthe EMR, and
its burden might increase due to the population growth. There
is a need for effective interventions to reduce the burden of
cervical cancer. Thisincludes prevention measures such asHPV
vaccination, early detection of cervical cancer, and reducing
therisk factors associated with cervical cancer.
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Abstract

Background: Unsafe worker behavior is often identified as a major cause of dangerousincidentsin the petrochemical industry.
Behavioral safety models provide frameworks that may help to prevent such incidents by identifying factors promoting safe or
unsafe behavior. We recently conducted a qualitative study to identify factors affecting workers' unsafe behaviorsin an Iranian
petrochemical company.

Objective: The aims of this study were to (1) conduct a review of the relevant research literature between the years 2000 and
2019 to identify theoretical models proposed to explain and predict safe behavior in the workplace and (2) to select the model
that best reflects our qualitative findings and other evidence about the factors influencing safe behaviors among petrochemical
workers.

Methods: This research used mixed methods. Initially, we conducted a qualitative study of factors that Iranian petrochemical
workers believed affected their safety behavior. Four themes emerged from the semistructured interviews: (1) poor direct safety
management and supervision; (2) unsafe workplace conditions; (3) workers' perceptions, skills, and training; and (4) broader
organizational factors. Electronic databases, including PubMed, Embase, Scopus, Google Scholar, EBSCOhost, and Science
Direct, were then searched for eligible studies on models to explain and predict safe behaviors, which were published between
the years 2000 and 2019. Medical subject headings were used as the primary analytical element. Medical subject headings and
subheadings were then extracted from the literature. One researcher conducted the search and 3 researchers performed screening
and data extraction. Then, constructs described in each study were assessed to determine which were the most consistent with
themes derived from our qualitative analysis.

Results: A total of 2032 publications were found using the search strategy. Of these, 142 studies were assessed and 28 studies
met the inclusion criteria and were included in the review. The themes identified in the qualitative study most closely matched
3 scalesincluded in Wu et a's model that measured safety behavior and performance, safety leadership, and safety climate in
petrochemical industries. Poor direct safety management and supervision matched with safety leadership and its subscales; unsafe
workplace conditions matched with safety climate and its subscal es; workers' perceptions, skills, and training matched with safety
performance and its subscales; and broader organizational factors matched with some subscales of the model.
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Conclusions: Thisisthefirst literature review to identify models intended to explain and predict safe behavior and select the
model most consistent with themes elicited from a qualitative study. Our results showed that effective safety leadership and
management and safety climate and culture systems are the most frequently identified factors affecting safe behaviors in the
petrochemical industry. These results can further help safety researchers and professional s design effective behavior-based safety

interventions, which can have a more sustainable and persistent impact on workers' safety behaviors.

Trial Registration:
International Registered Report Identifier (IRRID):

Iranian Registry of Clinical Trials IRCT20170515033981N2; https.//www.irct.ir/trial /26107
RR2-10.1186/s12889-019-7126-1

(JMIR Public Health Surveill 2021;7(5):€22851) doi:10.2196/22851
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Introduction

The International Labor Organization estimates that 1 worker
in the world dies every 15 seconds because of occupational
injuries and 160 workers develop work-related illnesses [1,2].
Workplace accidents not only cause occupational injuries and
illness but also lead to financial losses for organizations [3].
Most behavior-based safety researchers consider that dangerous
incidents are principally caused by workers acting unsafely or
inappropriately and many studies have focused on worker
behaviors that promote safety and prevent injuries [4].
Workplace safety is not solely explained by human error, and
many other factors may contribute to this [5].

A substantial body of research indicates that organizational
factors, including managers' behavior and decisions, have a
significant impact on safety-related attitudes and behaviorsin
industrial contexts [6]. Several studies, for example, indicate
that safety performance is affected by leadership [6-8]. There
is evidence that leadership and effective occupational health
and safety management, particularly by direct managers and
supervisors, is necessary to promote safe behavior [9,10]. Hald
[11] noted that the role of leaders and managers typically
involves various functions such as setting goal s and monitoring
and controlling workers’ performance. Other evidenceindicates
that broader organizational variables such aswork intensification
arising from increases in expected output or extended working
hours are associated with poorer safety outcomes [12,13].
Another organizational factor isthe contextual impact of safety
climate[14,15]. Severa studies have found asignificant positive
relationship between safety climate and safe behavior [16-18].
Safety climateis usually regarded as a subset of organizational
climate that shapes workers' behaviors through a coherent set
of perceptions and expectations about an organization’s values
and reward systems[19,20]. Various studiesindicate that a poor
safety climate leads to a reduction in compliance with safety
procedures, which, in turn, causes an increase in the potential
for workplace injuries and incidents [7,21-23].

Reason [24] describes 2 different ways to understand human
errors at work: the individual (“person”) approach and the
system approach. Thefirst approach focusses on unsafe acts by
workers, inappropriate ways of doing tasks that could result in
adangerousincident, for example, lack of or inappropriate use
of personal protective equipment, operating equi pment without
qualification or authorization, or operating equipment at unsafe

https://publichealth.jmir.org/2021/5/€22851

speeds [24]. The second approach focusses on unsafe working
conditions or the state of the workplace system that could result
in a workplace accident. Examples include defective tools,
equipment or supplies, lack of emergency exits, and inadequate
warning systems. Recent studies have placed importance on
psychosocial conditions in policy and demonstrated the value
of workers' psychological well-being at work. Organizations
that aim to concentrate on both physical and psychological
factors together have safer working environments at lower risk
of employee mental and physical health harm, and consequently,
lead to positive workplace behaviors such aswork engagement
and safety incident reporting [25]. Many safe behavior studies
have been based upon generic safety theories and models such
as the Health Belief Model [26-29], the Theory of Planned
Behavior [30-33], the Risk Perception Attitude Framework
[34-36], and Social Cognitive Theory [37-39]. Thereisaso a
growing literature supporting the positive effects of safety
behavior interventions on safety compliance and participation,
injury rates, and near misses in various high-risk industries,
including the ail, gas, and petrochemical industry [40-42].

A recent study by our research team [43] identified 4 sets of
factors that workers believe discourage safe behaviors in an
Iranian petrochemical company: (1) poor direct safety
management and supervision, (2) unsafe workplace conditions,
(3) workers' perceptions, skills, and training, and (4) broader
organizationa factors. Thefirst aim of thisstudy wasto identify
theoretical model s proposed to explain and predict safe behavior
in the workplace by reviewing relevant research studies
published between the years 2000 and 2019. The second aim
was to select the model that best reflects the results of our
above-mentioned qualitative study [43] and other evidenceson
the factors influencing safe behaviors among petrochemical
workers.

Methods

Study Design

The study protocol of this research has been published recently
[44]. This study was a mixed methods research, which was
carried out in 2 phases. In the first phase, semistructured
interviews were conducted using aqualitative approach to gain
detailed understanding of the factors associated with workers
unsafe behaviors in the petrochemical industry. In the second
phase, modelsthat have been applied to explain and predict safe
behavior in the industrial settings were investigated. The
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findings of the first phase were matched with the constructs of
the reviewed models to select a well-suited theoretical model.

Qualitative Data Analysis

Theinterviews were conducted between May and July 2017 at
amutually convenient time and private areas at the participants
workplaces. To obtain a broad cross-section of the worker
opinions and experiences, multi-stage sampling was used. This
approach involves a combination of 2 or more sampling
techniques. By combining sampling methods at different stages
of research, researchers can increase confidence that they are
mitigating biases and engaging hard-to-reach, vulnerable
participants [45]. In this study, purposive sampling was
supplemented by snowball sampling to enhance recruitment.
Purposive and snowball sampling approaches were selected
because the research team considered the combination of the
two was the most practical means to secure a representative
sample of the company employees. The research team utilized
purposive sampling, also known as judgmental sampling, to
recruit particular interview subjects deliberately in order to
provide important information and then snowball sampling to
seek out further potential interviewees from the social network
of the initial respondents [43]. Both techniques are used to
achieve hard-to-reach participantsin qualitative research studies
[45].

Members of the company's Safety, Health, and Environment
unit, who were not part of the research team, assisted with the
sampling process. They invited workers, supervisors, and saf ety
managers from various occupational groups working in the
operations department and the maintenance and repair
department who had experienced accidents and injuries or had
witnessed colleagues accidents to participate in the study
(purposive sampling). Workers were €eligible to participate if
they had worked in the petrochemical industry for at least 2
years. All workers in the petrochemical industry were males.
During the interviews, respondents identified employees who
had information about workplace accidentsin the company and
were key informants (snowball sampling). These employees
were also invited to participate in the study. Before the start of
each interview, a member of the safety staff introduced the
participant to the first author, who provided clear verbal
information about the study [43].

Data saturation is a criterion that is used to justify adequate
sample sizes in qualitative studies. Data saturation is reached
when the final interviews do not reveal any new themes or
introduce new elements of an existing theme. When saturation
isachieved, additional interviews only generate redundant data
rather than novel findings. A total of 20 interviews were
conducted before saturation was reached. The 20 participants
consisted of workers, supervisors, and safety staff members.
For the analysis of the responses from Iranian petrochemical
workers [43], conventional content analysis, described by
Graneheim and Lundman [46], was used to interpret the content
of the interview transcripts through a systematic classification
process involving coding and identifying themes [47]. A team
of 6 coders(4inlranand 2in Australia) reviewed the transcripts
and conducted analysis in both languages. Open coding was
carried out to alow codes to emerge from the qualitative data
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and avoid codes based on preconceptions of the authors. Codes
wererepeatedly discussed and revised by the authorsto achieve
consensus and memos written to explain the analysis [48]. To
increaseinterrater coding reliability, only the codes and themes
that were validated by at least 2 of the 3 coders (the first author,
an Iranian and 2 Australian authors) wereincluded in the results.
Immersion in the datawas an important first stageintheanaysis
process during which transcripts were read and reread many
timesto ensure familiarity with the data. Repeated reading and
rereading of transcriptswithout coding helped identify emergent
themes from the data without losing the connections between
key concepts and their context.

Content analysis was performed using MAXQDA (version
2018) software (VERBI Software GmbH) to facilitate and
document the coding process and retrieve codes afterwards.
While software can assist researchers in organizing qualitative
data, computer software for qualitative analysis do not analyze
data and the researcher makes decisions about the coding
participants’ responses and the relationships between codes,
coding categories, and broader themes. MAXQDA allows the
researcher to upload raw data such as transcribed interviews
that can be then coded and cross-referenced in ways that
facilitate organizing the data for easy retrieval.

Literature Search Sources and Strategy

A literature search of publications in academic journals and
conference papers covering the period 2000-2019 was conducted
using the following web-based databases. PubMed, Embase,
Scopus, Google Scholar, EBSCOhost, and Science Direct. A
review of the literature revealed a lack of consensus among
research studies regarding factors that discourage safe work
behaviors and the risk of incidents occurring in industrial
settings. The gap in the literature was identified in the 2000s.
These eligibility dates were chosen to provide a sample of
studies, including the constructs to explain and predict safe
behavior using models. The reference lists of the included
studieswere a so searched to identify additional relevant studies.
We applied a predefined search strategy by using free terms
and medical subject heading terms. Terms referring to safety
were combined with OR, terms referring to safe behavior were
combined with OR, and terms referring to both were combined
with AND. Thefollowing freetermswereusedin all electronic
databases. safety, behavior, worker, and workplace. The
following medical subject heading termswere employed: safety,
safety behavior, safe work behavior, behavior-based safety,
workers behavior, safety models, and workplace safety. The
references provided in the publications identified were aso
examined. When full-text publications were not available
directly from electronic databases, the authors of the studies
were contacted and copies of their articles were requested. The
search results were updated using Google aerts.

The publications were filtered using a set of inclusion and
exclusion criteria. Inclusion criteria were that the publication
described the (1) development of a theoretical model as a tool
to assess safe work behavior, (2) application of a theoretical
approach and method that had been used to assess workplace
safety, or (3) definitions used to describe and eval uate safe work
behaviors. Publications that did not describe the development
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or application of a safe work behavior model were excluded.
Non-English papers, conference abstracts, literature reviews,
editorials, commentaries, letters to the editor, theses, and full
texts that were not accessible were also excluded.

Investigation Models

Publications were reviewed to identify theoretical models that
have been used to explain and predict safe behavior in the
petrochemical industry or other industrial settings. The key
constructs in the models were then evaluated for consistency
with the themes identified in our qualitative study of workers
in the lranian petrochemical industry [43]: poor direct safety
management and supervision; unsafe workplace conditions;
workers perceptions, skills, and training; and broader
organizational factors. The mode including constructs that
were the most consistent with the qualitative findings was then
identified.

Results

Study Selection

This review was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and

https://publichealth.jmir.org/2021/5/€22851
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Meta-Analyses) statement [49]. A flow diagram describing the
process for reviewing the studies is provided in Figure 1. In
total, 2032 publicationswere retrieved from the databaseslisted
in the Methods section. Duplicate publications were removed,
and 142 (84 academic journa articles, 55 reports and other
publications, and 3 PhD theses) were screened by reading the
title, abstract, and key words. By using the inclusion and
exclusion criteria, 99 studies were excluded from the review,
leaving 43 studies eligible for full-text review. During this
review, 15 publications were excluded, because they did not
meet theinclusion criteria. Ultimately, 28 studieswereincluded
in this review. The themes, categories, and codes that emerged
from the content analysis of the semistructured interviews are
listed in Table S1 of Multimedia Appendix 1. An overview of
the final chosen set of publications eligible for review and the
constructs used in each of themisprovided in Table 1. All study
selection processes were performed using EndNote X8.1
(Clarivate Analytics).
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Figure 1. Flow diagram of the search results and the study selection process using the PRISMA template.
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Table 1. Description of the included studies (listed by the year of publication) and the constructs used in each of them.

Study Country of origin Industry context Constructs included in the model
Griffin and Neal Australia A range of manufacturing and  \anager values, safety inspections®, persond training?, safety
(2000) [50] mining organizations

Brown et al (2000)
[51]

Hong et a (2004) [52]

Seo (2005) [53]

Pousette et al (2008)
[54]

Larsson et a (2008)
[55]

Zhou et al (2008) [56]

Lu and Yang (2010)
[57]

Martinez-Cércoles et
al (2011) [6]

Wu et a (2011) [42]©

Li et al (2013) [58]
Qingin et a (2014)
[59]

Shin et al (2015) [60]

Wu et a (2015) [61]

United States of America

Taiwan

United States of America

Sweden

Sweden

China

Taiwan

Spain

Taiwan

China

China

South Korea

China

Steel industry

Petrochemical industry

Grain industry

Construction

Construction

Construction

Container terminal companies

Nuclear power plant

Petrochemical company

Oil company

Petrochemical industry

Construction

Railway construction

communication®, safety knowledge® safety compliance®, safety
participation®

Safety hazards, safety climate®, pr&mureb, cavalier attitudes?,
safety-efficacy®, safe behavior®

Training courses®, workers' cognition and attitude®, behavior
and normative belief, behavior attituded, subjective norm, be-
havior®

Perceived safety climate®, perceived hazard level, perceived
work prmreb, perceived risk, perceived barriers, unsafe work
behavior®

Sefety climate®, safety motivation®, safety knowledge?, self-
rated safety behavior®

Psychologica cli mateb, job situation, workplace commitmentb,
safety motivation?, safety knowledge® safety behavior®

Safety cli mate®, safety management?® management commit-
ments?, safety attitudes®, workmate's influence, employee's
involvement®, personal experience, safety knowledge?, educa-
tion experience®, work experience® drinking habits, safety be-
havior ©

Safety motivation®, safety policy, safety concern, safety com-
pliance®, safety participation®

Empowerment leadership? safety cultured, safety cli mated,
safety behaviors®

Safety leadership® safety coaching® safety caring®, safety
controlling?

Safety cli mate®; workers' commitment to safetyb, perceived

risk?, emergency reﬁponseb

Safety performance®: safety inspection® accident investigation®,
safety traini ngd, safety motivation®
Job demands?, job resources, emotional exhaustion, safety

compliance®, safety outcomes

Hazardous material's, production process, equipment condition?,

environmental safety and healthb, vulnerability of receptor®

Management values, safety cli mateb, stress r&ponseb, safety
motivation®, safety knowledge? safety behavior®
Safety leadership? design and planning for safety, preconstruc-

tion hazard inspection? construction process safety, emergency

preparedn%sb, management auditing and organizational learn-
ing, safety

performance®
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Study Country of origin

Industry context

Constructs included in the model

Azadeh et al (2015)  Iran
[62]

Alshahrani et al Saudi Arabia
(2015) [63]

Wang et al (2016) China
[64]

Zhang et a (2016) China
[65]

Petittactal (2017)  Italy
[14]

Zaraand Malaysia
Hadikusumo (2017)
(66]

Jafari etal (2017)[67] |

=

an

Razmaraet a (2018) Iran
[27]

Nioi et al (2018) [30] United
Kingdom

Hald (2018) [11] China

Zhang et a (2018) China
(68]

Petrochemical plant

Petrochemical industry

Construction

Coal mining

Manufacturing, construction,
transportation, military, energy,
hedlth care, and distribution/ser-
vice

Construction

Petrochemical company

Taxi stations

Construction

Electronics industry

Petrochemical enterprise

Physical factors of workpl aceb, environmental featuresand is-
sues”, management systems and control? individual protection
tools® workplace safety actions, on-the-job training? passing

ways, monitors and displays® muscular and skeletal disorders®,
anthropometric

features and issues, job characteristics, layout feature and issues,
job and environmental satisfactions, overall health, safety, and

environment management and performance®, mental workload

and stress

Safety culture®, safety attitudes®, safety and health requirements
to circumvent accidents at workplace, safety behavior®, safety

performance®

Personal subjective percepti onb, work knowledge and experi-

ences®, work characteristics, safety management® workers’
safety risk
tolerance

Safety management agency? rules and regulations of safety
production? defect of technology and desi gnb, lack of safety
education and training® incomplete or poor execution of rules
and regulations, rules and regulations and inspection? safety
culture?, operator error,

venturing into dangerous places, protections, device signal

deficiencies®, equipment, facilities and tools® poor workplace
environment”

Safety compliance®, supervisor enforcementd, organizational
safety climate®, organizationa safety culture®

Management safety intervention?, human safety intervention,
technical safety intervention, safety behavior®

Management commitment? workers' empowerment, communi-
cation®, blame culture, safety training?, safety supervision® in-
terpersonal relationshi pb, continuous improvement, reward
systemb, job satisfaction

Perceived susceptibility, perceived severity, perceived benefits®,
perceived barriers’, self-efficacy®, cuesto action, safe driving

behavior®

Behavioral beliefst, normative beliefs, control beliefs, attitudes
toward the behavior, subjective norms, perceived control©,
behavioral intention®, behavior®

Sefety climate®, safety hazards, experience with safety and
health problems®, prasureb, employees’ knowledge of the fac-
tory? cavalier attitudes toward safety®, safety efficacy®, safe
workplace behavior®

Personnel training?, fire facilities, fire management, technical
level
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Study Country of origin Industry context Constructs included in the model

'\1‘3"’32 etal (2019)  Australia Construction M anagement safety commitment?, supervisor safety behavior?,

(19 coworker safety behavior b psychological contract of safetyb,
worker safety behavior®

Gao et al (2019) [41] China Oil industry L eadershi p/management commitment?, organizing responsibil-
ities/procedures, communication and coordi nation®, safety
training?, inspection and monitoring? employee involvement?

Wang et al (2019) China Coal mining Workers' characteristics, workers' perception of safety, working

[69]

pressureb, leader's attitude in meeting, inspectors’ quality?

management system’s integrity? management system’s strin-
a

gency

3\l atches with the theme of poor direct safety management and supervision in our qualitative study.

bMatches with the theme of unsafe workplace conditions in our qualitative study.

®Matches with the theme of workers' perceptions, skills, and training in our qualitative study.

dMatches with the theme of broader organizational factorsin our qualitative study.

®Theitalicized constructs identified in the model most closely matched those identified in our qualitative study.

Study Char acteristics

Eleven (39%) out of 28 studies were conducted in a single
industry (steel [51], grain [53], container terminal companies
[22], nuclear power [6], oil [41,58], railway construction [61],
coal mining [65,69], taxi stations [27], electronics[11]), and 2
studies (7%) included multiple industries [50,57]. Industries
attracting the most studies were the construction (8/28, 29%)
and petrochemical (7/28, 25%) industries. Ten studies were
conducted in China (36%). Many regulations, occupational
health and safety laws, and documents have been issued to help
industries establish apositive safety culturein China. According
to the Unemployment by Country 2021 [70], 23 out of 28 studies
(82%) were conducted in countries with low unemployment
(Malaysia, South Korea, Taiwan, China, United States, the
United Kingdom, Australia, Saudi Arabia, and Sweden) and 5
studies (18%) were conducted in countries with high
unemployment (Italy, Iran, and Spain).

Contributing Factors

Elements of the models presented in the 28 selected studies
were evaluated for consistency with the 4 factors identified in
our previous study: poor direct safety management and
supervision; unsafe workplace conditions; workers' perceptions,
skills, and training; and broader organizational factors. All the
emergent themes, categories, and codes matched up directly
with each of the constructsincluded in the modelsin the general
industrial settingsand petrochemical industry. Concept matches
in each of the studies are highlighted in Table 1 by labelling
each match as“a” “b,” “c,” or “d” to indicate which of our 4
contributing factors it corresponds with. Based on the number
of these matches, the model most consistent with the 4
contributing factors was identified.

The poor direct safety management and supervision theme
combines 2 categories, namely, ineffective safety system and
poor safety monitoring. Concepts in the reviewed models that
correspond with these categories have been labelled as “&’
(Table 1). Of the 28 studies evaluated, the model constructs of

https://publichealth.jmir.org/2021/5/€22851

20 (71%) studies were matched with categories and codes of
theme“d’ [6,11,19,41,42,50,52,54-56,59-62,64-69].

The unsafeworkplace conditionstheme consists of 2 categories:
unsafe physical environment and unsafe psychological
environment. The codes of these categories have been matched
with concepts in the reviewed models by using the character
“b” in Table 1. Of the 28 assessed studies, constructs included
inthe models of 22 (78%) studieswere matched with categories
and codes of theme“b” [11,14,19,41,42,50,51,53-65,67,69,71].

The workers perceptions, skills, and training theme consists
of 2 categories: workers not skilled enough to deal with safety
issuesand active errors. The codes of these categories have been
matched with concepts in the reviewed models by using the
character “c” in Table 1. Of the 28 assessed studies, 23 (82%)
found constructs included in the model and matches with
categories and codes of theme “c” [6,11,14,19,27,30,42,50-
64,66].

The broader organizational factors theme includes unsafe
management culture and organizational impact on workers
safety categories. The codes of these categories have been
matched with concepts in the reviewed models by using the
character “d” in Table 1. Constructs applied in 8 (28%) of the
28 studies included in the literature review were matched with
categories and codes of theme “d” [6,14,30,42,51,52,63,65].

Selection of the Theoretical Model

The purpose of reviewing the models of safe work behaviors
was to (1) identify constructs included in the selected models
and (2) identify the model that included constructs most
consistent with the findings of the preceding qualitative study
of lranian petrochemical workers' perceptions of factors
affecting safe work behaviors[43]. The constructsidentified in
the model described by Wu et a (see Table 1 [42]) most closely
matched those identified in our qualitative study. Wu et a [42]
proposed a theoretical model relating to safety behaviorsin a
petrochemical company and explored 3 major factors, namely,
safety leadership, safety climate, and safety performance. Safety
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leadership consists of 3 subscales: safety coaching, safety caring,
and safety controlling. Safety climate also consists of 3
subscales: workers' commitment to safety, perceived risk, and
emergency response. Safety performance consists of 4 subscales:
safety inspection, accident investigation, safety training, and
safety motivation. The constructs described by Wu et al [42]
were well matched to the contributing factors identified in our
qualitative study: safety leadership and its subscales matched
with poor direct safety management and supervision; safety
climate and its subscales matched with unsafe workplace
conditions; safety performance and its subscales matched with
workers perceptions, skills, and training; and codesfrom severa
subscal es matched with broader organizational factors.

Discussion

Principal Findings

This study evaluated the consistency between 28 theoretical
models proposed to explain and predict safe behaviors in
industrial settings and qualitative findings of our previous study
examining the factors that petrochemical workers perceived to
affect safe behaviors. Thefirst aim of this study wasto identify
the theoretical modelsthat were devel oped to explain and predict
safe behavior in both the petrochemical industry and general
industrial settings. The second aim was to select the model that
corresponds most closely with our qualitative findings. The
majority of the included studies were found to focus on some
aspects of our qualitative data. Most of the studies were
conducted in various industrial domains. Our findingsindicate
that the key elements of the model described by Wu et al [42]
corresponded most strongly with the themes derived from our
gualitative interview study. Several of the other models
identified in thereview a soincluded elementsthat corresponded
closely with the themes identified in our interview study.

Comparison With Previous Studies

Based on the findings from our review, the safety concern of
managers and supervisors was identified as the most key factor
affecting the workers' risk perception and their understanding
of safety issues[19,42,56,62,72]. In addition, supervisors safe
behaviors such as regular safety inspection, motivating and
supporting the subordinates, and providing resources for
appropriate training of the workforce can motivate safety
performance, encourage workers participation as well as
reporting potential incidents and unsafe behaviors
[41,50,61,64,69,71]. Managers have acrucia rolein the success
of workplace health promotion activities and changing employee
health behavior. Managers and supervisors are able to create a
safe organizational climate and positively influence employees
healthy and safe work behavior by providing necessary resources
for planning, implementing, and evaluating workplace health
promotion interventions. Supporting workplace health promotion
programs can enhance the engagement of the employees and
benefit both organizations and employees in thelong run [73].
These findings are consistent with the poor direct safety
management and supervision theme of our qualitative study.
The included studies assessed the relationship between safety
climate and workers’ perceptions of safety issues and various
aspects of safety-related behavior. These studies examined work
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safety climate and aspects of working conditions and their
associations with occupational safety and work-related injuries
among variousworkplace settings[11,42,51,53,69]. They focus
mainly on improving working conditions and its organi zational
and psychological aspects such as perceived work pressure,
emergency response, physical and psychosocia hazardsat work,
job demands, physical factors of workplace, mental workload
and dtress, and defect of technology and design
[42,53,58,62,65,72]. A Korean study reported that working
conditions are important key factors that could influence
workers' behavior at the workplace. The employment status of
workers impacts the organizational commitment and safety
performance. Even within the same organization, workers in
different employment statuses are treated differently. Because
of the health inequalities of temporary employment such as
workers' compensation and welfare programs, employment
status affects workers' health and causes disparities in safety,
which is compounded by unsafe workplace settings. In fact,
occupational injury rates for part-time and temporary contract
workers are significantly higher than those for regular and
permanent workers in the same occupation [74]. These results
support our qualitative findings rel ated to the unsafe workplace
conditions theme. According to the review of 28 studies,
adequate and appropriate job training, workers' perception of
risk, and their knowledge of health and safety issues were
negatively correlated with occupational accident rates
[50,52,71]. Workers skillsand perceptions of their own behavior
plays a significant role in producing better safety outcomes
[27,30,42,64,75]. These findings are also consistent with the
workers perceptions, skills, and training theme of the qualitative
study. The findings of the included studies also focused on the
importance of management culture and organizational impact
on workers safety. These findings highlight that workers
cognition and attitude, safety culture, and prioritizing safety
can influence workers to adopt positive behavioral intentions
toward safety at workplace [6,14,42,52,56,63,72,76]. These
findings also support the fourth theme of our qualitative
findings: broader organizational factors.

Nixon and Braithwaite [77] in their detailed qualitative
investigation suggest that a well-developed conceptual model
can be employed to train employees, manage their progress,
and develop high work performance culture. Wu et a’s [42]
model suggeststhat 2 important prior causes greatly affect safe
behaviors and performance: safety leadership and safety climate.
In this context, the role of managers and supervisorsin shaping
subordinates' safe behaviorsislikely to be considerably greater
than that of managers and supervisors in work settings with
routine production processes [78]. Consistent with our
qualitative findings, the results of a sample of 103 industrial
organizations located in Spain indicated that supervisor
enforcement and managers commitment to safety issignificantly
related to workers' safety compliance [79]. Supervisors have
the most frequent contact with employees and workers among
the hierarchical levels of an organization and are directly
responsible for guaranteeing safety performance at the
workplace. Managers' responsesto safety are akey determinant
in the creation of subordinates beliefs about the importance of
safety to thework settings[80,81]. Asexpected, apositive safety
culturewill be devel oped when managers commit to the priority
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of safety [41]. In addition, workers perceive that the role of both
the managers and supervisors in combination with their safety
commitments enables workers to develop a mutual obligation
with them and these obligations will lead to safer behavior of
workers[82].

The findings of our qualitative study indicated that unsafe
workplace conditions may be a particularly strong influence on
whether work isdone safely or not. Wu et a [42] defined safety
climate as* employees perception, attitudes, beliefs, and values
of safety of an environment or organization, which is affected
by personal and organizational factors, and affects employees
safety performance.” The relationship between safety climate
and safe work behavior has been well established in safety
research, and safety climate has been identified as a critical
indicator for enhanced safety, which has been linked to increased
safe behaviors and decreased injury severity inindustrial settings
[83-85]. Safety climate is therefore related to how workers
perceive organizational priorities in their workplace and has a
major role in motivating workers to work safely [86]. Safety
climate is indicated by the perceptions of norms and actions
that help to prevent unsafe acts [20]. Furthermore, Beus et a
[87] reported that asupportive safety climateis associated with
higher rule compliance and fewer work-related injuries. A
positive organization's safety climate provides workers with
cues and vital information regarding the extent to which safe
behaviors are valued, supported, and rewarded in the workplace
[88]. Studies have shown that safety climate scores are
significantly predictive of worker safety attitudes, safety
compliance and performance, workplace accidents, injuries,
near misses, safety knowledge, and safety motivation [89-91].

Another factor identified in our qualitative study was workers
perceptions, skills, and training. Occupational hazards and safety
performances are affected by factors, including workers’ safety
attitude and knowledge [42]. Findings indicate that workers
with more knowledge of the products, work environment, and
objectives of the organization demonstrated a higher level of
safe behaviors in their contexts as compared to their ignorant
colleagues [92]. Workers' knowledge, skills, and competence
with regard to safety are the required content of safety training
[93,94]. Workers who do not fully understand the safety and
health instructions that are related to their jobs tend to
experience higher accident rates. In addition, owing to
differences in the education level, safety training should be
provided separately according to workers' education levelsand
ages. Therefore, safety training should be designed in
accordance with the requirements for workers to be aware of
safety at work [75,95]. Korkmaz and Park [75] also agreed that
workers who are familiar with their job tasks could help by
being involved in the risk assessment in the workplace.
Researchers [96,97] found that organizations can have low
injury and accident rates when they predict and implement
practical safety training regularly.

In Wu et a’'s model [42], safety performance reflects the
workers' perceptions, skills, and training. Safety |eadership has
been associated with safety management and supervision, in
genera. Further, the dimensions of safety climate (workers
commitment to safety, perceived risk, and emergency response)
are consistent with categories and codes of the unsafe workplace
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conditions theme. Since our qualitative findings align with the
dimensions of the established model by Wu et a [42], we
evaluate thismodel as applicablein order to design educational
interventionsfor petrochemical workers. Technical intervention
safety practices have a positive effect on safe work behaviors.
In addition, the management safety intervention plays a
significant role in the implementation of safety practices.
Therefore, this model provides some guidance to industrial
companies to better focus on specific safety intervention
practices that improve workers' safe behaviors and their safety
awareness to work safely.

Implications for Research and Practice

The current literature search identified 28 studies that served
as examples for the trandation of a safety model into
intervention efforts, which can guide workplaces to improve
their safety conditions and reduce accident rates. When
reviewing the modelsin the 28 selected studies, the main feature
of the model was assumed from the assessment of general levels
of safety and major components of conceptualizing safety (eg,
saf ety management, safety climate) to special and detailed latent
hazard conditions such aslevels of organizational support, and
risk perceptions might be seen to imply that safety models are
seen aswaysto assessthewider and bigger picture of how safety
promotion might work in industrial contexts.

Limitations of This Study

This study enhances understanding of the factors affecting safe
work behavior and highlights directions for further research.
However, some important limitations should be recognized. A
key limitation, which was difficult to avoid, is the exclusive
focus on published research. This review included studies
published in peer-reviewed journals. Although this was done
to provide a high quality of evidence and findings, the criteria
excluded anumber of potentially valuable research and industry
reports or unpublished studies. Evidence suggests that use of
workplace safety models may be underreported. The studies
identified, which were drawn from a variety of settings (eg,
petrochemical, construction, oil and gas), indicated that safety
models are widely used by organizations that are eager to
devel op better understanding of safety risksin their workplaces.
A key weakness of the safety model approach may bethat results
obtained at one point in time may not prove to be repeatable at
another. The studies reviewed in this paper do not allow firm
conclusions to be drawn about the reliability, validity, and
overal robustness of using safety models in practice. Deeper
investigation into these issues would be a valuable focus for
future research. The aim of the improvement plan isto have a
better safety status by making suggestions for the Iranian
petrochemical industry for workers. However, this may be
applied in other countries. Nevertheless, this subject should be
studied morefor other industrial settings and countriesin order
to reach amore generalized result.

Conclusions

This study isthefirst, to the best of our knowledge, to examine
the key variablesin theoretical frameworks designed to explain
safety behaviors in industrial settings, identify potentialy
relevant theoretical models, and evaluate the suitability and
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applicability of the models identified to explaining the safety
of petrochemical workers based on independent qualitative
findings about the factors that discourage safe work behaviors.
Thefindingsindicate growth in terms of the use of safety models
to assess workers' safe behaviors and significant variation in
the ways in which they are used and reported in the safety
literature. For safety researchers and practitioners, the results
are important because the models provide guidance on how
workers may beinfluenced to work more safely. By identifying
the conditions in which workers can be encouraged to change
unsafe behaviors to safe ones, integrated safety intervention
models can provide a valuable tool for enhancing safety

Zahiri Harsini et al

at both the supervisory and management levels by identifying
the effects of supervisor' behaviors and safety climate as
determinants of safety performance. Taken as a whole, our
findings encourage a holistic approach that takes into account
both safety management and climate to comprehensively
understand theindividual and contextual factorsthat shape safe
work behaviors in the petrochemical industry. It is important
that future theoretical and conceptual frameworks address the
inconsistencies identified in this study to enable the adoption
and replication of safe behavior interventions in industries,
thereby preventing workplace injuries and fatalities and making
workplaces healthier and safer.

performance. Lastly, this study has implications for leadership
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Abstract

Background: The opioid crisisin the United States may be exacerbated by the COVID-19 pandemic. Increasesin opioid use,
emergency medical services (EMS) runs for opioid-related overdoses, and opioid overdose deaths have been reported. No study
has examined changes in multiple naloxone administrations, an indicator of overdose severity, during the COVID-19 pandemic.

Objective: This study examines changes in the occurrence of naloxone administrations and multiple naloxone administrations
during EMS runs for opioid-related overdoses during the COVID-19 pandemic in Guilford County, North Carolina (NC).

Methods: Using a period-over-period approach, we compared the occurrence of opioid-related EMS runs, naloxone
administrations, and multiple nal oxone administrations during the 29-week period before (September 1, 2019, to March 9, 2020)
and after NC's COVID-19 state of emergency declaration (ie, the COVID-19 period of March 10 to September 30, 2020).
Furthermore, historical data were used to generate a quasi-control distribution of period-over-period changes to compare the
occurrence of each outcome during the COVID-19 period to each 29-week period back to January 1, 2014.

Results: All outcomes increased during the COVID-19 period. Compared to the previous 29 weeks, the COVID-19 period
experienced increases in the weekly mean number of opioid-related EM S runs (25.6, SD 5.6 vs 18.6, SD 6.6; P<.001), naloxone
administrations (22.3, SD 6.2 vs 14.1, SD 6.0; P<.001), and multiple naloxone administrations (5.0, SD 1.9 vs 2.7, SD 1.9;
P<.001), corresponding to proportional increases of 37.4%, 57.8%, and 84.8%, respectively. Additionally, the increases during
the COVID-19 period were greater than 91% of all historical 29-week periods analyzed.

Conclusions: The occurrence of EMS runs for opioid-related overdoses, naloxone administrations, and multiple naloxone
administrations during EM S runs increased during the COVID-19 pandemic in Guilford County, NC. For a host of reasons that
need to be explored, the COVID-19 pandemic appears to have exacerbated the opioid crisis.

(JMIR Public Health Surveill 2021;7(5):€29298) doi:10.2196/29298

KEYWORDS

opioids; naloxone; EMS; emergency medical services, COVID-19; pandemic; medical services; overdose; outcomes; opioid
crisis; public health

died from an opioid-related overdose in 2019 (~137 per day),
a substantial increase from 2018 [1]. Furthermore, there is
The United States remains in an unrelenting opioid crisis. mounting concern that the COV1D-19 pandemic will exacerbate

According to the | atest official mortality data from the Centers ~ the crisis [2,3]. Provisional data indicate that 81,003 people

for Disease Control and Prevention (CDC), 49,860 Americans died from adrug overdose during the 12 monthsending in May
2020, the highest ever recorded in a 1-year period in the United

Introduction
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States and atrend driven largely by heroin and synthetic opioids
[4].

The magnitude and volatility of the opioid crisis warrants
up-to-date datato monitor and guideintervention in the quickest
manner possible, especially during potentially aggravating
circumstances such as the COVID-19 pandemic [5]. However,
the primary data used to track the opioid crisis in the United
States (ie, verified opioid-related deaths from the CDC) are
outdated by at least a year, alag that substantially limits their
value for surveillance purposes. Alternative timelier data have
been leveraged by several studies to explore the opioid crisis
generaly [6,7] and how it has shifted since the onset of the
COVID-19 pandemic. Niles et a [8] analyzed national urine
drug testing patterns before and during the pandemic, and
reported a significant increase during the pandemic especially
for fentanyl and heroin. Wainwright et a [9] similarly reported
asignificant increase in positive urine tests during the pandemic
for al drugs tested among a convenience sample of patients
with or at risk for substance use disorders. Like Niles et al [8],
the proportional increase reported by Wainwright et al [9] was
greatest for fentanyl and heroin. Using data from the National
Emergency Medical Services (EMS) Information System, a
national registry of EMS agencies representing 80% of EMS
dispatches across 47 states, Friedman et a [10] reported an
increase in overdose-related cardiac events from mid-March
through August 1, 2020. This surge in cardiac events
corresponded temporally with an increase in social distancing
as measured by cell phone mobility. Slavova and colleagues
[11] examined changes in the number of EMS runs 52 days
before and after the declaration of a state of emergency in
Kentucky on March 6, 2020, and reported a significant increase
in EMS runs in response to opioid overdoses after the
declaration. Theincreasein opioid overdose—+related EM S runs
during COVID-19 reported by both Friedman et al [10] and
Slavovaet a [11] is especially noteworthy in the context of an
overall decrease in EMS responses across the United States
during the early part of the COVID-19 outbreak [12].

In addition to their timeliness, EMS data are also potentially
valuable for studying the opioid epidemic because EMS
providers increasingly use naloxone, an opioid antagonist
medication, to treat respiratory depression in patients with
suspected opioid overdose [13-15]. Naloxone administrations
have been shown to hold promise as a hear real-time proxy of
the opioid epidemic [16-20]. Positive associations between EM S
nal oxone administrations and fatal and nonfatal overdose events
have been reported [13,21]. Furthermore, the percentage of
patients receiving multiple naloxone administrations has
increased over time and may reflect the increasing severity of
the opioid epidemic [14,22,23]. Although these studies suggest
that analyzing EMS data on naloxone administrations may be
a viable approach to monitor opioid overdoses, we are aware
of only two studies comparing EM S naloxone administrations
before and during the COVID-19 pandemic. Glober et al [24]
reported proportional increases in EMS runs for opioid
overdoses (43%), EMS-administered naloxone for opioid
overdoses (61%), and drug overdose deaths (47%) in Marion
County (Indiana) as compared to either of two prepandemic
periods. Ballesteros et a [25] reported increases in both

https://publichealth.jmir.org/2021/5/€29298
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EM S-administered naloxone for opioid-related overdoses (28%)
and opioid overdose deaths (15%) in Michigan from March 1
to September 2020, as compared with the same period in 2019.
To our knowledge, no study has examined changes in multiple
nal oxone administrations during the COVI1D-19 pandemic.

Thisstudy examines changesin nal oxone administrations during
EMS runs for opioid-related overdoses during the COVID-19
pandemic in Guilford County, the third most popul ous county
in North Carolina (NC). We focused on Guilford County for
two reasons. First, the confluence of the opioid crisis and
COVID-19in Guilford County isevident. The number of opioid
overdose deathsincreased in the county during the study period
(47 in 2015, 71 in 2016, 98 in 2017, 96 in 2018, and 108 in
2019) [1,26]. Likewise, COVID-19 deaths in the county
increased and, by the end of the study period, recorded afatality
rate (35.3 per 100,000) resembling the rate for NC (34.9 per
100,000) [27]. Second, one of the study investigators secured
an ongoing data use agreement with the Guilford County EMS
department to regularly share EM S data. For these reasons, we
compared opioid overdose—+elated EMS runs, naloxone
administrations, and multiple naloxone administrations before
and during the COVID-19 pandemic in Guilford County.

Methods

Data

This study used data from the Guilford County, NC EMS
department on opioid overdose—related EM S runsfrom January
1, 2014, to September 30, 2020. These dates correspond
respectively to the earliest and latest data available to us prior
to manuscript submission. Opioid overdose—related runs were
identified using the fields primary impression and secondary
impression, asindicated by the EMS personnel for the reasons
for the encounter. The data set also included an observation for
each treatment (eg, naloxone) administered during an opioid
overdose+elated EMS run. Because the data set was
deidentified, we used a combination of the incident date,
patient's birth date, and patient’'s gender to generate a
quasi-uniquerun identifier toidentify runsthat included multiple
nal oxone administrations. We then grouped the data set to the
unit of analysis of opioid overdose—related EMS runs and
calculated weekly counts by calendar week to allow for
comparison over time.

Outcomes

We studied three weekly count outcomes: (1) opioid
overdose—related EM Sruns, (2) naloxone administrations during
opioid overdose—related EMS runs, and (3) multiple naloxone
administrations during opioid overdose—related EMS runs.
Together, these outcomes permit the analyses of change in the
occurrence (1 and 2) and severity (3) of opioid overdoses
[14,16-20,22,23].

To measure change in these outcomesin the 29 weeksfollowing
NC's COVID-19 state of emergency declaration on March 10,
2020 (ie, the COVID-19 period), we calculated the mean of
each outcome during the 29-week COVID-19 period, then
expressed it as a percent change from the mean of the outcome
during a comparison period.
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Period-Over-Period Approach

We evaluated period-over-period change between the
COVID-19 period and two other comparison periods. For the
first, we compared the COVID-19 period to the 29 calendar
weeksimmediately preceding the state of emergency declaration
(September 1, 2019, to March 9, 2020). For the second, we
compared the COVID-19 period to the same 29 calendar weeks
of the previousyear (March 13 to October 5, 2019). The second
comparison accounts for potential seasonality in opioid
overdoses [28]. We chose to include the second comparison
after time series decomposition showed yearly seasonality in
opioid overdose—related EM S runs.

This period-over-period approach is a generalization of the
year-over-year growth rate commonly used in finance and
business analytics[29]. The period-over-period changes between
the COVID-19 period and the comparison periods can be
considered the absolute effect size. To test the hypothesis that
the COVID-19 period and comparison periods had unequal
means, we conducted Welch unequal variancest tests for each
outcome and comparison period. We treated the meansin each
29-week period as independent samples. We used a critical
value of 0.05 and two-tailed tests. Although these comparisons
depict the magnitude of change of the outcomes during the
COVID-19 period, they alone cannot convey how unique such
a change is compared to more distal past periods. What may
seem like alargeincrease may not be noteworthy (nor connected
to the COVID-19 pandemic) if changes of similar magnitude

Khoury et al

occurred frequently in the past. Therefore, we used historical
data to generate a quasi-control distribution  of
period-over-period changes to compare to the change observed
during the COVID-19 period.

This produced 270 possible comparisons of a 29-week period
to the previous 29 weeks, and 246 possible comparisons of a
29-week period to the same 29 weeks of the previous year. We
repeated this process for both comparison periods. We then
compared the change during the COVID-19 period to the
distribution of past period-over-period changes. This provides
ameasurement of how extreme the change in outcomes during
the COVID-19 period was relative to past changes.

IHlustration of Period-Over-Period Approach

Figure 1 depicts the process used to calculate these
period-over-period changes for the COVID-19 period (shown
in orange) and the comparison periods (shown in blue). In the
top timeline, the period-over-period change for the COVID-19
period is calculated by comparing the outcome from March 10
to September 30, 2020, to the outcome during the previous 29
weeks. The next three timelines depict how the quasi-control
distribution was generated for more distal periods. Inthe second
timeline (control period 1), the first control observation was
calculated by comparing the outcome from January 1 to July
18, 2015, with the outcome from July 19, 2015, to January 30,
2016. The ellipses indicate that, from this starting point to the
beginning of the COVID-19 state of emergency declaration, a
control observation was calculated for each calendar week.

Figure 1. lllustration of period-over-period change method using previous 29 weeks as comparison period from January 1, 2015, to September 30,

2020.
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Statistical Analyses

The equationsin Figure 1 show how period-over-period change
was cal cul ated for each period. Thisanalytic approachissimilar
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in concept to the common difference in difference (DID)
quasi-experimental research design [30]. In DID terms, we
treated each possible 29-week period asaunit p that is observed
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twice (t, t-1). For each period, p; is the mean of the outcome
during the primary period and p.; is the mean of the outcome
during the comparison period (either the previous 29 weeks or
the same 29 weeks of the previous year). We calculated the
percent change in period p as A, = (p; — Pr.y) / Pr1. We can
consider the COVID-19 period to be the treatment group, which
isexposed to the treatment condition (the COVID-19 pandemic)
int and to the control condition in t-1. The distribution of past
period-over-period changes forms the control group, which is
exposed to the control condition in both t and t-1. This results
in a control group of n=270 or n=246 (depending on the
comparison period used) and a treatment group of n=1.

This treatment group of n=1 precluded the usua regression
analysis and statistical inference used with DID study data.
Instead, we used two simple heuristics to express how extreme
the change in outcomes during the COVID-19 period was
relative to past changes. First, we calculated the percentile of
the COVID-19 period (A) within the distribution of past changes.
This allowed us to determine how often period-over-period
changes of greater magnitude had occurred in the past. We then
plotted period-over-period changes over time and graphically
compared the change in outcomes during the COVID-19 period

https://publichealth.jmir.org/2021/5/€29298
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to the recent trend. The plot shows how each period forms one
observation in a timeline where period-over-period change is
calculated for each calendar week.

Finally, a series of figures further illustrates how the increases
in outcomes during the COV ID-19 period represent departures
from historical trends. For each figure (Figures 2-4), the x-axis
represents time from the first possible comparison period
(February 8, 2015) since the beginning of the data set (January
1, 2014) to the end of the COVID-19 period (September 30,
2020). The y-axis represents period-over-period change or the
percent changein each period relative to its comparison period.
Each bar showsa29-week period’'s change from its comparison
period, 1 calendar week at atime as previously described. The
furthest right bar (in orange) shows the outcome during the
COVID-19 period. Period-over-period changes are shown for
opioid overdose—related EMS runs (Figure 2), naloxone
administrations (Figure 3), and multiple naloxone
administrations (Figure 4).

All data analysis was conducted using Python 3.8 (Python
Software Foundation) and the Python packages NumPy 1.19.0,
SciPy 1.5.0, and pandas 1.0.5.

JMIR Public Health Surveill 2021 | vol. 7 |iss. 5 [€29298 | p.113
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Khoury et &

Figure 2. Historical period-over-period change in emergency medical services runs involving opioid overdoses in Guilford County, North Carolina
before and after the COVID-19 state of emergency declaration.

All Possible Rolling 29-Week Periods
Compared to Previous 29 Weeks

40% CoVID-19

Period —*
I ““ |H “\H\ \H
0% ||||||m “lll I|‘“ hh al I|| ”‘ ||||I ||||||““ ‘"m“h“"h.

LW ™ Y
-20% A

-40%

Period-over-Period Change

All Possible Rolling 29-Week Periods
Compared to Same 29 Weeks of Previous Year

40% -
CoVID-19

. | M““ | .
e | _mmMMWMWWW‘ WML il

20% A
-40% A
T I

Period-over-Period Change

-60%

I 1 I
2015 2016 2017 2018 2019 2020
Date

https://publichealth.jmir.org/2021/5/e29298 JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 [€29298 | p.114

(page number not for citation purposes)
XSL-FO

RenderX


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Khoury et a

Figure 3. Historical period-over-period change in emergency medical services runs involving naloxone administrations in Guilford County, North
Carolina before and after the COVID-19 state of emergency declaration.
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Figure 4. Historical period-over-period change in emergency medical services runs involving multiple naloxone administrations in Guilford County,
North Carolina before and after the COVID-19 state of emergency declaration.
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Results

All three outcomes increased sharply and significantly during
the COVID-19 period (Table 1).

Table 1 shows that, compared to either 29-week comparison
period, the mean number of opioid overdose—related EM Sruns,
nal oxone administrations, and multiple nal oxone admini strations
increased during the COVID-19 period. For each outcome, the
magnitude of change during the COVID-19 period was greater
when compared to the previous 29 weeks than when compared
to the same 29 weeks of the previous year. This suggests that
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seasonality may account for some, but not all, of the increase
from the previous 29 weeks.

Further, theincreasesin outcomes during the COVID-19 period
were extreme historically. Table 2 shows, for both comparison
periods, the COVID-19 period change expressed asapercentile
of the quasi-control distribution of all past period-over-period
changes. Across the three outcomes, the increase during the
COVID-19 period was greater than 91% of all past 29-week
period-over-period changes. When compared to the same 29
weeks of the previousyear, theincrease for each outcome during
the COVID-19 period exceeded at least 63% of al past changes.
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Table 1. Mean and percent change in EMS runs involving opioid overdoses, naloxone administrations, and multiple naloxone administrations in
Guilford County, North Carolina before and after the COVID-19 state of emergency declaration.

QOutcomes COVID-19 peri- Comparison period
od® mean (SD)?
Previous 29 weeks® Same 29 weeks of previous yeard
Mean (SD)° COVID-19peri-  Pvaue  pjegn(sp)?  COVID-19 period  Pvalue
od change (%)% change (%)°®

Opioid overdose—related EM S 25.6 (5.6) 18.6 (6.6) 374 <.001 20.6 (6.5) 24.3 .003
runs
Nal oxone administrations 22.3(6.2) 14.1 (6.0) 57.8 <.001 17.2(6.9) 29.7 .006
Multiple naloxone administra- 5.0 (1.9) 27(1.9) 84.8 <.001 33(1.8) 515 <.001

tions

3March 10 to September 30, 2020.

b\Neekly mean and SD of outcome during period.
CSeptember 2, 2019, to March 9, 2020.

dMarch 13 to October 5, 2019.

€(COVID-19 period mean — comparison period mean) / comparison period mean.
MThe percentage changes shown may not correspond exactly to the values shown due to rounding.

9EMS: emergency medical services.

Table 2. Magnitude of period-over-period change in EMS runs involving opioid overdoses, naloxone administrations, and multiple naloxone
administrations in Guilford County, North Carolina before the COVID-19 state of emergency declaration.

Comparison period

Percentile (%)

Opioid overdose—+elated EM S runs
Previous 29 weeks®

Same 29 weeks of previous yeard

Naloxone administrations
Previous 29 weeks®

Same 29 weeks of previous yeard

Multiple naloxone administrations
Previous 29 weeks®

Same 29 weeks of previous yeard

94.8

81.7

91.1

63.0

98.1

76.8

3percentile of COVID-19 period-over-period change within quasi-control distribution of all past period-over-period changes.

bEMS: emergency medical services.
CSeptember 1, 2019, to March 9, 2020.
dMarch 13 to October 5, 2019.

All outcomes showed mostly positive period-over-period
changesfrom 2015 to 2017. Aninflection point occurred in mid
to late 2017 when naloxone administrations and multiple
nal oxone administrations started to drop (in July 2017), followed
by adrop in opioid overdose—related runs (in November 2017).
From 2018 to 2020, the outcomes continued to decrease, and
most period-over-period changes were negative. In the
COVID-19 period, a sharp increase occurred for al outcomes.
Thelarge positive period-over-period changesin the COVID-19
period are thus an abrupt and large departure from the recent
trend of mostly negative period-over-period changes. Most
notably, multiple nal oxone administrationsincreased by 84.8%
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when compared to the previous 29 weeks and by 53.7% when
compared to the same 29 weeks of 2019.

Discussion

This study detected increases in the occurrence of EMS runs
for opioid-related overdoses, naloxone administrations, and
multiple naloxone administrations during EMS runs in the
course of the COVID-19 pandemic in Guilford County, NC.
The findings confirm and extend research on the convergence
of the opioid epidemic and the COVID-19 pandemic. The study
replicates previous research [11,24,25] by showing increases
in opioid overdose-related EMS runs and EM S-administered
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naloxone during the COVID-19 pandemic in a large
metropolitan county in NC. The sharp increase in multiple
nal oxone administrations, an indicator of the potential lethality
of opioid overdoses[13,21,22], constitutes new evidencelinking
COVID-19to an increase in the severity of the overdose crisis.
Moreover, the period-over-period analytic approach
demonstrates unequivocally that theincreases observed for each
outcome were historically uncharacteristic of prior periods
dating back to 2014 and not explained by seasonality effects.
Together, these findings indicate that opioid overdoses have
increased in occurrence and severity in Guilford County during
COVID-19 to a great extent, thereby contributing to growing
empirical support for the hypothesis that the COVID-19
pandemic exacerbates the opioid epidemic [31,32].

To help interpret the findings reported here and elsewhere, we
refer to a host-agent-vector-environment model to synthesize
the multifactorial evolution of the opioid overdose crisisin the
United States [33]. Based upon a modification of the
epidemiological triangle model of disease for chronic health
conditions [34-36], the model posits that the risk of opioid
overdose results from an interaction of risk factors associated
with the host (ie, individual-level factors such as addiction
susceptibility or opioid tolerance), the agent (ie, external factors
such as heroin or fentanyl), the vector (ie, purveyorsof licit and
illicit drugs), and the environment (ie, contextual external factors
such as the economy or geography). With this model in mind,
this study offers compelling evidence that the COVID-19
pandemic serves as apotent environmental factor that increases
the risk of opioid overdoses, perhaps by augmenting the
risk-conferring nature of other factorsin the model.

There are avariety of ways by which the environmental strain
of the COV1D-19 pandemic could interact with host, agent, and
vector factors to potentiate opioid overdose risk. Host factors
(eg, central nervous system depression) associated with overdose
risk may intensify under conditions of social isolation by using
opioids alone and without the availability of a bystander to
administer naloxone [3]. Indeed, Friedman et al [10] reported
increases in EM S runs for opioid overdose cardiac arrests that
corresponded with decreases in mobility, an indicator of social
isolation. Other host factors (eg, tolerance to opioids) may
temporarily decrease due to pandemic-related barriersthat limit
acquiring and using opioids, only to be supplanted with an
escalation of overdose risk when opioids become more available
and used at prehiatus dosage [3,37]. Consistent with thisnotion,
Currie et a [38] reported an initial fentanyl-fueled spike in
opioid overdose deaths in Ohio approximately 6 weeks
following the declaration of anational public health emergency
on March 13, 2020. Notably, opioid overdose deaths returned
to comparable historical levelswithin approximately 3 months.
Regarding agent factors, it is evident that the COVID-19
pandemic began during the third wave of the opioid epidemic
when overdoses were increasingly attributable to the use of
heroin and fentanyl [39]. With its estimated 50 times potency
of heroin, fentanyl and other synthetic opioids substantially
intensify the risk of fatal and nonfatal overdoses [40].
Additionally, polysubstance abuse increases overdose risk [41]
and has now been empirically linked to risk of opioid overdoses
during COVID-19 [26]. Regarding vector factors, COVID-19
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may potentiate supply-side pressures that intensify overdose
risk [3,42]. Fentanyl increasingly dominates the illegal drug
market [43] and remains highly prevalent in drugstested during
the pandemic [9]. National drug positivity rates increased
especialy for fentanyl and heroin despite a decrease in overall
positivity during the study period [8], suggesting a net increase
inlethality dueto greater exposure of fentanyl in the drugs that
were used.

Regarding specific environmental factors, reduced access to
treatment and other services for opioid use disorders likely
contributed to overdoses [44]. Opioid use disorder treatment
and harm reduction services have been substantially impacted
by COVID-19 socia distancing regulations due to limits on
face-to-face contact [45]. Historically, harm reduction services
such as syringe exchange programs, drug consumption rooms,
nal oxone distribution, and fentanyl test strips have been provided
inan in-person capacity. In fact, Schlosser and Harris[46] argue
that harm reduction services are predicated on the “physical,
social, and emotional intimacies’ associated with drug use,
conditions that were limited after social distancing regulations
were introduced. Bartholomew et al [47] found that 15% of
needle and syringe programs across nine states closed during
COVID-19, 72% were operating at limited capacity, and 25%
eventually pivoted to provide virtual harm reduction services.
These trends in closures, reduced hours, and service
modifications are reflected across the United States[48] and 25
countries in Europe [49].

Our study has several limitations. The use of a convenience
sample of EMS records in a single county limits the
generalizability of the findings. Although our finding of
increased nal oxone administrations during COVID-19 replicates
a study conducted in Marion County (Indiana) [24],
investigations in other geographical locations are needed. By
using only EM S data, the use of naloxone by bystandersor other
first respondents (eg, law enforcement) are not included.
Furthermore, part of the increase in opioid-related EMS runs
during the pandemic may be driven by temporary redirection
of other treatment access points, perhaps due to a disincentive
to seek care at hospitals during the pandemic. There is also a
potential for misclassification of overdose events, as EMS
responders may overuse naloxone in some cases. Because of
their anonymized nature, EMS data were not linked to death
records, doing so would help verify multiple naloxone
administration as a proxy for severity. It also remains unclear
the extent that the increases in naloxone administrations and
multiple nal oxone administrations reported here are attributable
to the COVID-19 pandemic independent of fentanyl’s effect;
research on thisis needed.

To our knowledge, this study is the first to report an increase
in both occurrence and severity of opioid overdoses during the
COVID-19 pandemic. Our study also encourages additional
research on the use of EMS data on naloxone administrations
and multiple naloxone administrations to monitor opioid
overdoses. Thetimeliness, ubiquity, and specificity to the opioid
crisis make EMS data on naloxone administrations especially
viable proxy measures of the evolving opioid epidemic, even
during public health disasters such asthe COV1D-19 pandemic.
More broadly, our study reiterates the value of data sharing
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among public health and safety, research, community, and The globa sharing of COVID-19 data clearly shows that this
academic organizationsfor tracking theopioid crisis[5,7,50,51].  ispossible.
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Abstract

Background: The COVID-19 global pandemic has disrupted structures and communities across the globe. Numerous regions
of theworld have had varying responsesin their attemptsto contain the spread of the virus. Factors such as public health policies,
governance, and sociopolitical climate have led to differential levels of success at controlling the spread of SARS-CoV-2.
Ultimately, amore advanced surveillance metric for COVID-19 transmission is necessary to hel p government systems and national
leaders understand which responses have been effective and gauge where outbreaks occur.

Objective: The goal of this study isto provide advanced COVID-19 surveillance metrics for Canada at the country, province,
and territory level that account for shiftsin the pandemic including speed, acceleration, jerk, and persistence. Enhanced surveillance
identifies risks for explosive growth and regions that have controlled outbreaks successfully.

Methods: Using alongitudina trend analysis study design, we extracted 62 days of COVID-19 data from Canadian public
health registries for 13 provinces and territories. We used an empirical difference equation to measure the daily number of cases
in Canada as a function of the prior number of cases, the level of testing, and weekly shift variables based on a dynamic panel
model that was estimated using the generalized method of moments approach by implementing the Arellano-Bond estimator in
R.

Results: We compare the week of February 7-13, 2021, with the week of February 14-20, 2021. Canada, as a whole, had a
decreasein speed from 8.4 daily new cases per 100,000 population to 7.5 daily new cases per 100,000 popul ation. The persistence
of new cases during the week of February 14-20 reported 7.5 cases that are a result of COVID-19 transmissions 7 days earlier.
The two most popul ous provinces of Ontario and Quebec both experienced decreasesin speed from 7.9 and 11.5 daily new cases
per 100,000 population for the week of February 7-13 to speeds of 6.9 and 9.3 for the week of February 14-20, respectively.
Nunavut experienced a significant increase in speed during this time, from 3.3 daily new cases per 100,000 population to 10.9
daily new cases per 100,000 population.

Conclusions; Canada excelled at COVID-19 control early on in the pandemic, especially during the first COVID-19 shutdown.
The second wave at the end of 2020 resulted in aresurgence of the outbreak, which has since been controlled. Enhanced surveillance
identifies outbreaks and where there is the potential for explosive growth, which informs proactive health policy.
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Introduction

Background

On January 30, 2020, the World Health Organization officially
declared the outbreak of SARS-CoV-2, the virus that causes
COVID-19, apublic health emergency of international concern
[1]. The virus has disrupted communities across the globe [2].
Numerous factors, including public health policies, climate,
population characteristics, governance, and sociopalitical
factors, led to varying levels of successat controlling the spread
of SARS-CoV-2 [3-7]. Despite sharing many similarities,
COVID-19 could not have played out more differently between
Canada and the United States [8]. Canada reported a total of
849,517 COVID-19 infections or 2235 cases per 100,000
population and 21,723 COVID-19 deaths or 57 deaths per
100,000 population as of February 22, 2021 [9,10]. In
comparison, as of February 22, 2021, the United States had a
total of 28,221,129 COVID-19 infections or 8598 per 100,000
population and 501,663 COVID-19 deaths or 153 deaths per
100,000 population [9,10]. The COVID-19 infection and death
rates of the United States are 3.8 times and 2.7 times those of
Canada's, respectively. Understanding the context in which the
COVID-19 pandemic occurs and the dynamics of the pandemic
will inform not only Canada but also those nations struggling
to control the multiple outbreaks, such as the United States.
Unfortunately, existing surveillance suffers from reporting
biases, undercounts, missing data, and data contamination.

How the Pandemic Unfolded in Canada

On January 25, 2020, Canada saw itsfirst case of SARS-CoV-2
after aman returned to Toronto from Wuhan, China[11]. Cases
in Ontario rose a month later [12]. Quebec soon became
Canada's first epicenter, likely due to southern travel into the
United States during its winter school break, which occurred
two weeks prior to lockdown measures implemented in

mid-March [5]. Figure 1 shows the timeline of COVID-19 in
Canada.

Fast forward one year later, Canada has had a resurgence of
COVID-19 infections and has reimplemented public health
guidelines to control the COVID-19 epidemic. As of February
22, 2021, Ontario and Quebec account for 68% of confirmed
cases and 79% of deaths in Canada [10]. Nunavut, with a
population of 38,780, remained the only geographical
jurisdiction in North America without a single confirmed case
of SARS-CoV-2 until early November 2020, when it began to
see cases accel erate quickly [13]. Nunavut has one hospital and
struggles with food security [14] and tuberculosis outbreaks
[15]. Nunavut faced potentially catastrophic consequencesfrom
theintroduction of SARS-CoV-2toitsregion. Strict prevention
measures barred anyone but residents and critical workersfrom
entering—with required self-isolation for 14 days prior to
entering [16]. The measures put in place by the Nunavut
government were not entirely unique among its neighboring
provinces and territories. The Northwest Territories had even
stricter isolation measures, barring all travel to the territory
except for residents, who were required to quarantine for 14
daysin agovernment-run location [16]. Despite the substantial
administrative authority each province possesses, Canadian
leaders worked well together, constructing a unified response
[17-19]. Across the country, mass gatherings were prohibited,
schools and nonessential businesseswere required to close, and
fines were implemented for failing to follow social distancing
policies [18,19]. Furthermore, there has been consistent
messaging in regard to public health guidelines such as mask
wearing [18]. Thisisin stark contrast to the United States, which
has no national policies and failed to issue clear guidance on
mask wearing, quarantines, hand hygiene, and social distancing,
as many states have not implemented public health guidelines
or supported the benefits of mask wearing [20-23].

Figure 1. Timeline of major COVID-19 events for Canada. WHO: World Hesalth Organization.
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Politics

Furthermore, Canada's response to the COVID-19 pandemic
and social unity in public health adherence haslikely benefited
from the country's experience with the 2003 severe acute
respiratory syndrome (SARS) epidemic that killed 44 Canadians
[17]. A number of improvements were made in response to the
SARSdressrehearsal in 2003, creating better federal-provincial
collaboration and more effective public health communication
strategies [17].

Canadian Prime Minister Justin Trudeau did not downplay the
SARS-CoV-2 threat [ 18,24]. Trudeau began wearing amask in
May 2020 and practiced self-isolation for severa weeks
following his wife's diagnosis with SARS-CoV-2 in March
[24,25]. Adherence to evidence-based guidelines that prevent
thetransmission of SARS-CoV-2 by political leadersisacritical
component to promoting safe behavior and cooperation in the
general population with public health guidelines [26].
Furthermore, in Canada, provincial leaderson polar ends of the
political spectrum shared a cross-partisan consensus on how to
manage the COVID-19 pandemic[18,19], whereasin the United
States, political leaders of each political party have found little
agreement on standard pandemic control measures including
stay-at-home orders and mask mandates.

Significance

I deally, the devel opment of a more advanced methodol ogy for
tracking and estimating COVID-19 transmission in regions
within Canada will allow for more reliable analysis of which
policies are effective and what other factors may be associated
with transmission rates. Public health departments, as well as
several universities and media outlets, are tracking the novel
coronavirus using raw data including the number of new
infections, testing, positivity, Rho, and deaths, in addition to
other measures such as local hospital capacity [27-36]. To
removetemporal effects, many surveillance systems have shifted
to 7-day moving averages to counter the dearth of reporting
during holidays and weekends. Although moving averages
temper volatility of data and testing/reporting affects,
surveillance still suffers from missing cases. General public
health surveillance is helpful and provides a proxy of the
pandemic, but surveillance data still suffer from significant bias
due to undercounts, reporting delays, testing errors, dearth of
testing, asymptomatic carriers, and other types of data
contamination. In fact, surveillance systems are limited by the
fact that they tend to include only the more severe cases while
missing the mild cases and undiagnosed infections and deaths
[37,38].

Objective

To that end, the objective of our research isto provide standard
surveillance metrics, which are necessary but not sufficient to
detect the dynamics of the pandemic at the provincelevel, even
though they are limited to more severe cases and suffer from
incomplete case ascertainment and data contamination. To
address these data limitations, we validated additional novel
surveillance metrics: (1) speed, (2) acceleration, (3) jerk (change
in acceleration), (4) 7-day lag, and (5) 7-day persistence effect
[39-43].
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The basic question we are trying to inform is the following:
how are we doing this week relative to previous weeks? From
a public health perspective, in the midst of a pandemic, we
would like (at least) three affirmative responses: (1) there are
fewer new cases per day this week than last week, (2) the
number of new cases is declining from day to day, and (3) the
day-to-day decline in the number of cases is even bigger this
week than last week. Additionaly, we would like some
indicative information about significant shifts in how the
pandemic is progressing—positive shifts could be the first
indicators of the emergence of a new or recurrent hotspot, and
negative shifts could be thefirst indicators of successful public
health policy.

We use a longitudinal trend analysis study design in concert
with dynamic panel modeling and the method of moments to
correct for existing surveillance data limitations [39,40].
Specifically, we will measure significant weekly shifts in the
transmission of COVID-19 (ie, increase, decrease, or plateau).
Our study will measure the underlying causal effect from a
given prior week that persiststhrough the following week, with
a 7-day persistence rate to explain a clustering/declustering
effect. The 7-day persistence represents an underlying disease
transmission wave, where alarge number of transmissionsin a
given prior week that resultsin alarge number of infectionsthe
following week then “echoes’ forward into a large number of
new transmissions and hence a large number of new cases 7
days forward.

In summary, we will measure negative and positive shifts in
the transmission of SARS-CoV-2 and the dynamics of the
pandemic with acceleration/deceleration and jerk. Our novel
indicator of persistence does not suffer from sampling bias. Our
surveillance system measures the dynamics of the pandemic so
that provincial governments can be proactive rather than reactive
to outbresks at the subnational level. This informs decision
making regarding disease control, mitigation strategies, and
reopening policies as Canada continues to manage this
pandemic.

Methods

The Government of Canada compiles data from each of the
provinces and territories. Data have been accessed daily through
their official government website [44] since January 2020 and
static measures are updated. Persistence and shifts in the
pandemic are calculated biweekly. The current panel included
13 provinces and territories to include the entire country of
Canada, with 62 days in each panel (n=806). An empirical
difference equation was specified in which the number of new
positive cases in each province each day is a function of the
prior number of cases, the level of testing, and weekly shift
variablesthat measure whether the outbreak was growing faster
than, slower than, or at the same rate as the previous weeks.
Thisresulted in adynamic panel model that was estimated using
the generalized method of moments (GMM) approach by
implementing the Arellano-Bond estimator in R [45].

Dynamic panel models alow us to derive novel metrics of
COVID-19 transmissions by using data collected from the
government. Hence, we can provide additional useful metrics
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that are less labor intensive. Although this is less of a benefit
for Canada because of the notable health system and immense
resources, dynamic panel models are useful in low-income
countries that do not have the resources to have teams of
epidemiologists model COVID-19. Dynamic panel data using
GMM arethe same methods used to measure the expansion and
contraction of the economy. These methods lend themselves
well to measuring the pandemic. Given the extensive detall
necessary to derive novel metrics that are necessary for this
study, we refer to original works by Oehmke and colleagues
[40Q], followed by a proof of concept of a surveillance system
with enhanced surveillance techniques to measure the dynamics
of the pandemic [39].

Existing surveillance metrics are helpful at gauging the spread
of COVID-19 and to that end, we provide traditional measures
that include the number of new COVID-19 cases, cumulative
cases since the outbreak began, a 7-day moving average to
control for temporal effects such as dearth of reporting during
weekends and holidays, the rate of infection per 100,000
population, new daily number of deaths, cumulative number of
deaths, the 7-day moving average of deaths, and the death rate
per 100,000 population. We consider these metrics as a proxy
for the ongoing epidemic as surveillance systems tend to pick
up on the more severe cases.

The dynamic measures include a temporal element to better
understand how past cases affect the present and present cases
affect the future. Dynamic measuresinclude the following: (1)

Post et al

speed (the number of new observed COVID-19 cases per day
per 100,000, averaged over aweek), (2) acceleration (the change
in speed from the prior week to the current week), (3) jerk (the
week-over-week change in acceleration as a function of time
over the course of 2 weeks), and (4) 7-day persistence effect on
speed (the average of the number of new cases per day in a
given week that are statistically attributable to new cases seven
days earlier). We compare the week of February 7-13, 2021,
with the week of February 14-20, 2021.

Results

Country Regression Results

Regression resultsfor 13 Canadian provincesand territories are
presented in Table 1. Weekly surveillance data in Tables 2-6
are based on these regressions. The regression Wald statisticis
significant (x%= 615.617, P<.001). The Sargan test is not
significant, failing to reject the validity of overidentifying
restrictions, which further supports our model (x%;,=13, P=.99).
The coefficient on the 7-day lag was both positive and
statistically significant (P=.01), demonstrating that the number
of infections one week prior to data collection had a significant
effect on number of infections at the point of data collection.
The shift parameter coefficient 14 days prior was positive but
not significant (.116, P=.49), suggesting that exogenous shift
events did not have an effect on cases. The cumulative number
of tests administered was significant (coefficient .001, P=.02).

Table 1. Arellano-Bond dynamic panel data model of COVID-19 dynamics at the province level in Canada.

Variable Coefficient Chi-square (df) P value
7-day lag 332 N/A2 .01
Cumulative tests .001 N/A .02
7-day lag shift 116 N/A 49
Wald statistic for regression N/A 615.617 (2, 8) <.001
Sargan statistic for validity N/A 13 (2, 511) .99

3N/A: not applicable.

Tables 2-5 show static and novel dynamic surveillance measures
for the weeks of February 7-13 and February 14-20, 2021.
Additional weeks can be found in Tables S1-S10 in the
Multimedia Appendix 1. Canada as a whole had a decrease in
7-day average COVID-19 cases from 2728 per 100,000 during
theweek of February 7-13to 2502 per 100,000 during the week
of February 14-20 (Tables 2 and 3). As of February 20, 2021,

https://publichealth.jmir.org/2021/5/€25753

Canada had arelatively low caseload of 843,284 infectionsand
21,630 deaths. There are 37,742,154 people that reside in
Canada and relative to the United States, their rate of infection
is much lower.

Between the weeks of February 7-13 and February 14-20, 2021,
we found indicators demonstrating an increase from thefirst to
the second week of 19,947 cumulative cases (Tables 2 and 3).
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Table 2. Static surveillance metrics for the week of February 7-13, 2021.

Post et al

Province New Cumulativecases  7-day moving Infectionrate Deaths Cumulative deaths 7-day moving  Death
cases average average of rate
death
Alberta 305 128,532 303.43 6.90 15 1775 10 0.34
British Columbia 0 72,750 433.43 0 0 1288 6.00 0
Manitoba 99 30,687 75.57 7.18 0 866 343 0
New Brunswick 16 1398 8.71 2.05 0 22 0.29 0
Newfoundland and 26 686 38.71 4.98 0 4 0 0
Labrador
Northwest Territories 0 43 1 0 0 0 0 0
Nova Scotia 2 1592 114 0.20 0 65 0 0
Nunavut 5 308 129 1271 0 1 0 0
Ontario 1300 284,887 1167.00 8.82 19 6651 24 0.13
Prince Edward Island 0 114 0.29 0 0 0 0 0
Quebec 1049 275,880 986.14 12.23 28 10,201 28.86 0.33
Saskatchewan 244 26,389 168.57 20.70 4 354 257 0.34
Yukon 0 71 0.14 0 0 1 0 0
Canada 3046 823,337 2727.86 8.01 66 21,228 75.14 0.17
Table 3. Static surveillance metrics for the week of February 14-20, 2021.
Province New Cumulativecases  7-day moving Infectionrate Deaths Cumulative deaths 7-day moving  Death
cases average average of rate
death
Alberta 380 130,727 313.57 8.59 6 1818 6.14 0.14
British Columbia 0 75,835 440.71 0 0 1327 5.57 0
Manitoba 94 31,329 91.71 6.82 3 882 2.29 0.22
New Brunswick 3 1420 314 0.38 0 24 0.29 0
Newfoundland and 38 901 30.71 7.28 0 4 0 0
Labrador
Northwest Territories 0 47 0.57 0 0 0 0 0
Nova Scotia 4 1608 2.29 041 0 65 0 0
Nunavut 6 338 4.29 15.25 0 1 0 0
Ontario 1228 291,999 1016 8.33 28 6848 28.14 0.19
Prince Edward Island 0 114 0 0 0 0 0 0
Quebec 769 281,456 796.57 8.97 14 10,292 13 0.16
Saskatchewan 193 27,438 149.86 16.37 3 368 2 0.25
Yukon 0 72 0.14 0 0 1 0 0
Canada 2715 843,284 2502.14 7.14 54 21,630 57.43 0.14

Canada’s speed of infection decreased from 8.38 new cases per
100,000 per week the week of February 7-13, 2021, to 7.5 new
cases per 100,000 per week the week of February 14-20, 2021.
Nunavut’s speed increased dramatically from 3.3 to 10.9 per
100,000; Quebec’'s speed decreased from 11.5 to 9.3 per
100,000; Saskatchewan decreased from 14.3to 12.7 per 100,000
over the two-week period from February 7-20. Saskatchewan’s
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persistent rate decreased from 8.6 to 6.4 between February 7
and February 20, 2021 (Table 6). Canada had deceleration in
new cases and a negative jerk from February 7 to February 20
(Tables4 and 5). Looking at provincesindividually, the overall
countrywide pattern holds, as all provinces had acceleration of
<1 or deceleration and jerk of <1 or negative jerk from February
7-20.
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Table 4. Novel surveillance metrics for the week of February 7-13, 2021.
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Province Speed: daily positivesper ~ Acceleration: day-to-day change  Jerk: week-over-week 7-day persistence effect on
100,000 (weekly average of  inthennumber of positivesper day, changein acceleration, per  speed (number of new cases
new daily cases per weekly average, per 100,000 100,000 per day per 100,000 attribut-
100,000) ed to new cases 7 days ago)

Alberta 6.86 -0.14 0.13 3.86

British Columbia 8.42 0 0.07 3.65

Manitoba 5.48 0.20 0.50 3.30

New Brunswick 112 0.07 0.11 0.88

Newfoundland and 7.42 0.63 -0.71 0.09

Labrador

Northwest Territories 2.21 0 0 0.14

Nova Scotia 0.12 0.03 0.03 0.03

Nunavut 3.27 0.73 0.73 244

Ontario 7.92 -0.09 0.49 4.49

Prince Edward Island  0.18 0 0 0.04

Quebec 11.50 -0.26 -0.06 5.68

Saskatchewan 14.30 -0.23 0.72 8.58

Yukon 0.34 0 -0.34 0

Canada 8.38 -0.10 0.23 4.37

Table 5. Novel surveillance metrics for the week of February 14-20, 2021.

Province Speed: daily positives  Acceleration: day-to-day Jerk: week-over-week changein  7-day persistence effect on
per 100,000 (weekly changein the number of posi- acceleration, per 100,000 speed (number of new cases
average of new daily  tives per day, weekly average, per day per 100,000 attributed
cases per 100,000) per 100,000 to new cases 7 days ago)

Alberta 7.09 0.24 0.21 3.07

British Columbia 8.56 0 -0.17 3.77

Manitoba 6.65 -0.05 -0.15 245

New Brunswick 0.40 -0.24 -0.26 0.50

Newfoundland and 5.88 0.33 0.05 3.32

Labrador

Northwest Territories  1.27 0 0 0.99

Nova Scotia 0.23 0.03 0 0.05

Nunavut 10.89 0.36 —0.36 1.46

Ontario 6.90 -0.07 -0.14 3.54

Prince Edward Island O 0 0 0.08

Quebec 9.29 -0.47 -0.16 5.15

Saskatchewan 12.71 -0.62 -0.11 6.40

Yukon 0.34 0 0.34 0.15

Canada 7.50 -0.12 -0.10 3.75

In general, between February 7, 2021, and February 20, 2021,
the speed of the COVID-19 pandemic slowed slightly in Canada
asit went from 8.4 to 7.5 cases per day per 100,000 popul ation.
The pandemic was decelerating during the week of February
13, 2021, by —0.1 cases per day per 100,000 population and

https://publichealth.jmir.org/2021/5/€25753

RenderX

maintained that minor deceleration the following week at —0.1
per day per 100,000 population. Moreover, comparing the
acceleration week over week, the rate of acceleration jerked
downward by —0.1 per day per 100,000 popul ation.
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Table 6. Provinces with the highest 7-day persistence.
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Date and provinces

7-day persistence values

February 13, 2021
Saskatchewan
Quebec
Ontario
Alberta
British Columbia

February 20, 2021
Saskatchewan
Quebec
British Columbia
Ontario

Newfoundland and L abrador

858
5.68
4.49
3.86
3.65

6.40
515
3.77
354
3.32

The persistence rate, which is the number of cases this week
that are statistically linked to novel infectionsaweek ago, shows
the pandemic shifting downward with the exception of British
Columbia, which had amodest increase (Table 6). Lessdensely
populated areas of Newfoundland and Labrador, the Northwest
Territories, Nova Scotia, and Prince Edward |sland experienced
modest increases in the persistence of infections during the
week of February 20, 2021.

The most populous provinces and their populations are shown
in Table 7. Of the most popul ous provinces, Ontario and Quebec
both had a decrease in speed, deceleration, and negative jerk
during February 7-20, 2021. All dynamic indicators of the two
largest provinces show that the pandemic is slowing. Of concern
are British Columbia, Alberta, and Manitoba because they are
headed in the opposite direction. Specifically, the speed of the
pandemic is increasing in these three provinces. Acceleration
of the daily speed, which is the week-to-week change in the
number of new daily cases per 100,000 population increased
for Alberta, remained at O for British Columbia, and decreased

Table 7. Most populous Canadian provinces.

slightly for Manitobathe week of February 20, 2021. Although
the speed is increasing, the day-to-day increase in COVID-19
transmissions jerked downward for British Columbia and
Manitoba, with Alberta’sjerk dlightly increasing (Tables 4 and
5). Jerk can beinterpreted asagiven week’s accel eration minus
the prior week's acceleration. Jerk helps us to understand how
the pandemic isincreasing or decreasing relative to last week.
Nunavut’s rates indicated an outbreak between the weeks of
February 7-13 and February 14-20, 2021, when the rate of speed
increased from 3.3 to 10.9 new infections per day per 100,000
population. Fortunately, there is evidence that this outbreak is
slowing. The acceleration of speed slowed during this time,
down from 0.7 per 100,000 per day during the week of February
7-13 to 0.4 per 100,000 per day during the week of February
14-20. The persistencerate also decreased from 2.4 to 1.5 cases
that are directly attributable to the number of new infections 7
days earlier. Although Nunavut experienced an outbreak, we
al so see the pandemic slowing, indicating afavorable response
to mitigation efforts.

Province Population as of 2020
Ontario 14,734,014

Quebec 8,574,571

British Columbia 5,147,712

Alberta 4,421,876

Manitoba 1,379,263

Province Regression Results

Due to the nature of publications, the moment we publish our
research findings, the data become outdated. To that end, the
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active surveillance system that informed this study, which
contains more recent data, can be accessed online [46]. Figure
2 provides a visualization of our novel metrics over a 3-week
period.
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Figure 2. Screenshot of weekly Canada SARS-CoV-2 trends by province/territory.
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Discussion

Principal Findings

The novel metrics applied in this paper advance Canada’'s
surveillance capacity for monitoring the COVID-19 pandemic.
In particular, acceleration and jerk provide a more complete
picture of day-to-day and week-to-week changes in the
pandemic than do traditional surveillance measures. The 7-day
persistence rate helps identify areas where a high incidence of
cases one week is passed forward to create a high incidence of
cases the next week, and high persistence rates indicate an
underlying problem with pandemic control. These measures,
available through an online data dashboard, provide valuable
information to Canada (as well as other countries) to monitor
the pandemic.

Canadainitialy had an outbresk of COVID-19 around the same
timeastheinitial outbreak in the United States. At many levels,
the Unites States and Canada are similar in that they are both
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located in North Americaand both are devel oped, high-income
countries, with vast geographical areas and heterogeneous
populations. Beyond this, the similarities end between the Unites
States and Canada as it relates to COVID-19 transmissions.

Canada devel oped acoordinated national plan between political
parties and among its provinces and territories. First and
foremost, Canada successfully implemented a widespread
shutdown, which led to the initia reduction in COVID-19
transmissions. In addition, social isolation, distancing, masking,
testing, and contact tracing have resulted in acoordinated effort
that has mitigated the pandemic. Fortunately, this has worked
well for anumber of provinces and territories. Though Canada
overal still hasnew daily cases, the pandemic is slowing based
on measures of acceleration, jerk, and 7-day persistence rate,
meaning cases and transmi ssion were trending downward during
the week of February 14-20. These rates were trending upward
the week before. The most alarming metric is that speed in
Nunavut increased from 3.3 new cases per day per 100,000
population to 10.9 cases per day per 100,000 population, which
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is a three-fold increase. This is indicative of an outbreak; Conclusion

however, the Canadian responseto novel infectionsin Nunavut  anaga has maintained good COVID-19 control policies that
resulted in the speed decelerating, which is evident in the g )it in fewer transmissionsfor theweek of February 14-20,
decreasein the acceleration rate aswell asanegative jerk during 2021, compared to the previous week; however, it is not time
the week of February 14-20, 2021. for Canadato declare victory over COVID-19 transmissions or

Canadais successfully tamping down the pandemic, evident by ~ to be complacent. The opposite is necessary. Canada must
the decrease in daily cases of daily transmissions from 3046to  remain vigilant and continue implementing those policies that
2715, concurrent with adecrease in the 7-day moving average, ~ caused the Canadian outbreak to reverse course and decrease.
decrease in deaths, and decrease in death rates. Regardless, the N summary, we understand what causes COVID-19 and how
weekly number of new cases remains at 2715 for the week of it istransmitted. We also understand how to control outbreaks.
February 20, 2021. Such alarge caseload could quickly escalate  Enhanced surveillance is the first indicator that an outbreak is
to alarge outbreak if prevention efforts wane. occurring and that immediate action is needed. Conversely,
enhanced surveillance also informs policy makerswhen policies
put into place to control the COVID-19 pandemic are
successfully decreasing the spread of disease.
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Abstract

Background: In March 2020, South Africa implemented strict nonpharmaceutical interventions (NPIs) to contain the spread
of COVID-19. Over the subsequent 5 months, NPI policies were eased in stages according to a national strategy. COVID-19
spread throughout the country heterogeneously; the disease reached rural areas by July and case numbers peaked from July to
August. A second COVID-19 wave began in late 2020. Data on the impact of NPI policies on socia and economic well-being
and access to health care are limited.

Objective: We aimed to determine how rural residents in three South African provinces changed their behaviors during the first
COVID-19 epidemic wave.

Methods. The South African Population Research Infrastructure Network nodesin the Mpumalanga (Agincourt), KwaZulu-Natal,
(AfricaHealth Research Ingtitute) and Limpopo (Dikgale-M amabol o-M othiba) provinces conducted up to 14 rounds of longitudinal
telephone surveys among randomly sampled households from rural and periurban surveillance populations every 2-3 weeks.
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Interviews included questions on the following topics: COVID-19—elated knowledge and behaviors, the health and economic
impacts of NPIs, and mental health. We analyzed how responses varied based on NPI stringency and household sociodemographics.

Results: Intotal, 5120 households completed 23,095 interviews between April and December 2020. Respondents’ self-reported
satisfaction with their COVID-19-related knowledge and face mask use rapidly rose to 85% and 95%, respectively, by August.
As selected NPIs were eased, the amount of travel increased, economic losses were reduced, and the prevalence of anxiety and
depression symptomsfell. When the number of COVID-19 cases spiked at one nodein July, the amount of travel dropped rapidly
and the rate of missed daily medications doubled. Households where more adults received government-funded ol d-age pensions
reported concerns about economic matters and medication access |ess often.

Conclusions: South Africans complied with stringent, COVID-19—+elated NPIs despite the threat of substantial social, economic,
and health repercussions. Government-supported social welfare programs appeared to buffer interruptions in income and health
care access during local outbreaks. Epidemic control policies must be balanced against the broader well-being of people in
resource-limited settings and designed with parallel support systems when such policies threaten peoples’ income and access to

basic services.

(JMIR Public Health Surveill 2021;7(5):€26073) doi:10.2196/26073
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Introduction

Since the emergence of COVID-19 in humansin late 2019, the
epidemic has spread to every country in the world, resulting in
direct mortality and morbidity [1] and indirect impacts on
physical and mental health and economic well-being [2-4].
Shortly after COVID-19 was declared a Public Health
Emergency of International Concern on January 30, 2020, South
Africawasidentified as a highly vulnerable country dueto (1)
its extensive internal and international transportation links [5];
(2) its burden of infectious and noncommunicable health
conditions[6,7]; and (3) itslarge, socioeconomically vulnerable
population [8]. The national government rapidly announced
strict, nationwide nonpharmaceutical interventions (NPIs; Level
5 lockdown) on March 26, 2020. Under these NPIs, leaving
home was only alowed for grocery shopping, obtaining
medicine and medical care, or conducting permitted essential
work. Furthermore, tobacco and al cohol saleswere banned, and
from May 1 onward, face mask use was mandatory in public
spaces. These regulations were accompanied with guidance on
enhanced handwashing, sanitizer use, and surface cleaning.

The lockdown was intended to (1) reduce COVID-19
transmission through strictly restricting physical interactions;
(2) prevent rapid epidemic growth and alow health care
providers to prepare for a subsequent rise in the demand for
care; (3) promote widespread educational campaigns to reduce
COVID-19 transmission; and (4) initiate an ambitious,
country-wide, community-based COVID-19 screening and
testing program [9]. Between May and September 2020, the
lockdown was gradually eased, allowing people to return work
and school and engagein limited public gatherings. For example,
under Level 4 lockdown, restrictions were eased to allow the
restarting of work in high-value sectors, meal deliveries, and
nongroup daytime exercise. Under Level 3 lockdown, limited
religious gatherings, professional noncontact sports, and
sit-down meals were allowed.

https://publichealth.jmir.org/2021/5/€26073

Although the cumulative number of COVID-19 cases slowly
grew during April 2020, the disease incidence curve rapidly
rose from May onward, peaking between June and August. By
September 1, 2020, South Africa had reported over 625,000
confirmed COVID-19 cases and over 14,000 deaths [10]; the
COVID-19 epidemic in South Africawas among the 10 largest
epidemicsreported worldwide by that date[11]. Thetrueimpact
of the epidemic appears to be even greater, with an excess of
42,396 desths reported in South Africa between January and
August 2020 compared to those reported in the same period in
2018 and 2019 [12].

The relaxation of lockdown regulations, which occurred even
asthe epidemic grew, reflected competing health and economic
vulnerabilities and priorities as well as sustained popular
pressures [13-15]. There was widespread concern that the
lockdown was substantially affecting the national economy;
individual household livelihoods; and accessto education, health
care, and medication [8,16]. Additionally, some expected the
lockdown to befutile, since much of the population could neither
maintain physical distancing nor implement NPIs due to
household and community overcrowding and limited access to
running water and sanitation [17].

Robust data are essential for evaluating the hypotheses that
lockdowns cause substantial harm or arefutile and for targeting
locations that are the most in need of resources. The impact of
NPIs has been evaluated in various low- and middle-income
countries, generating evidence of early reductions in income
and food security and the rapid, substantial uptake of protective
behaviors [18-22].

Although South Africa has effective national health care
surveillance systems, there is limited capacity for monitoring
the social and behavioral effects of NPIs on the COVID-19
epidemic at alocal level. NPIs, such as those implemented in
South Africa, might be expected to generate differing risks and
benefits across socioeconomic settings. For example, therewas
unease in rural areas regarding water access for hand hygiene
and imilindo (funeral night vigils held in crowded rooms) [23],
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while people from urban areasworried about dwelling proximity
and shared ablutions [24]. The number of robust comparisons
between urban and rural settings has been limited, but such
comparisons are vital if public sector responses are to be
effectively aligned with prevailing conditions.

To date, most evaluations of the impact of COVID-19 in South
Africahave been limited to web-based or urban settings[25-27].
Studieson theinitial weeks of lockdown reported that although
people had substantial concerns about the disease and its
economic impact, they also had a strong willingness to abide
by travel restrictions and other measures [26,27]. To date, the
most comprehensive longitudinal study of the impact of the
COVID-19 epidemicin South Africaon behavior isthe National
Income Dynamics Study (NIDS)-Coronavirus Rapid Mobile
Survey (CRAM). The NIDS is an ongoing panel survey that
began in 2008 and follows a nationally representative sample
of households and their members [28]. The NIDS-CRAM
recontacted NIDS respondents from the most recent interview
wave in 2017 [29]. In 2020, 3 rounds of telephonic data
collection were completed (first round: May and June; second
round: July and August; third round: November and Decembey),
and dataon awide range of social and economic impacts of the
epidemic were captured [25,30,31]. Employment dropped
sharply after lockdown was imposed, but by October 2020 the
overall employment rate appeared to have recovered, although
not for women or respondentswith low levels of education. The
provision of increased government support, including top-ups
for existing unconditional grants (which ended after October)
and the new, temporary Social Relief of Distress grant for
working-aged adults with no other sources of support appeared
to aid households, particularly those in rura areas [32].
However, the withdrawal of these grants has caused concern.
Mental health concerns remained substantial throughout the
year and were positively associated with household child hunger
[33].

The NIDS-CRAM has substantial strengths in terms of its
national reach and wide-ranging topic coverage. However, it
only provides sporadic snapshots of the epidemic. Wetherefore
used an existing research infrastructure in three South African
provinces to evaluate how health, social, and economic
behaviors continuously changed between April and December
2020. We used ahigh-frequency survey of apanel of households
for which substantial, pre-epidemic datawere already available.
Our first hypothesis was that behaviors would change as
regulations and the national epidemic changed. Our second
hypothesis was that these changes would vary based on
socioeconomic characteristics (those that reflected households
ability to maintain their compliance with NPl and social
distancing policies) and households' needs and resources.

Methods

Study Site

The South African Population Research Infrastructure Network
(SAPRIN)—an initiative that is hosted by the South African
Medical Research Council and receives long-term from the
National Department of Science and Innovation—integrates
three Health and Demographic Surveillance System (HDSS)
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nodes for population and health surveillance: (1) the Medical
Research Council (MRC)/Wits Rural Public Health and Health
Transitions Research Unit (Agincourt) in Ehlanzeni district,
Mpumalanga [34]; (2) the Dikgale-Mamabolo-Mothiba
(DIMAMO) Population Health Research Centre in Capricorn
district, Limpopo [35]; and (3) the Africa Health Research
Ingtitute (AHRI) in uMkhanyakude district, KwaZulu-Natal
[36]. Other urban nodes are under development. The nodes,
which each contain over 100,000 individuals residing in
approximately 20,000 households, vary in settlement structure
and density. The three districts are rural or periurban areas that
are located on the east side of South Africa (Figure Sl in
Multimedia Appendix 1) and have low average income levels
relative to the rest of the country. Nodes conduct multiple
in-person and telephonic surveys per year to update health and
sociodemographic data. However, DIMAMO had only partially
captured socioeconomic data for the first time before the
COVID-19 epidemic began in South Africa.

Study Design and | mplementation

In March 2020, SAPRIN initiated plans for each HDSS node
to implement a high-intensity, longitudinal telephonic survey
that covered at least 750 randomly selected householdsin each
province, by using telephone numbers extracted from each
node’s most recent census. This sample was selected to obtain
estimates of survey- and wave-specific proportions with a
precision of no less than 4 percentage points, under the
assumption of an 80% response rate based on past SAPRIN
surveys. Every 2-3 weeks, a central call center at each node
contacted househol dsand asked a primary respondent to answer
guestions on behalf of the household. Primary respondents had
to beresident adult members of the household (aged =18 years).
To combat survey fatigue, from mid-September onward or after
the seventh survey wave (whichever was earlier), one-third of
the cohort was rotated out at each subsequent wave, and a new
random sample that included the same number of households
was rotated in for 4-6 survey waves. Details for each node are
shown in Figure S2 in Multimedia Appendix 1.

The questionnaire included both household-level and
individual-specific questions; the latter could be directly
answered by other household members if they were present.
Otherwise, the primary respondent served as a proxy. The
guestionnaire included COVID-19 symptom screening;
individuals who met the Department of Health’'s COVID-19
symptom criteriawerereferred for further investigation, possible
testing, and care. Data were captured on laptop computers by
cal center interviewers who used electronic data capture
software, including automated skip patterns and validation
checks. Telephone calls continued from April to December 2020
with continuous quality monitoring. The survey implementation
process at one node (AHRI) is described in detail elsewhere
[37]. The study questionnaire is provided in Multimedia
Appendix 1.

Outcomes

Our outcomesfor this study were based on answersto questions
related to COVID-19 and NPIs in three key domains: (1)
COVID-19-elated knowledge and behavior; (2) the health and
economicimpactsof NPIs; and (3) mental health. For behavior,
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the primary respondent was asked to rate their perceived
knowledge about COVID-19 on a 5-point scale; we classified
respondents as (1) those who self-reported that they did not
have enough knowledge or (2) those who reported that they had
enough or more than enough knowledge. Respondents were
then asked about household behavior changes that they made
in response to the COVID-19 epidemic. They were asked
whether any resident household member had left the house in
the past 7 days and whether any nonhousehold members had
visited the house during the preceding day; we classified
respondents as either (1) those who reported any number of
household or nonhousehold members or (2) those who reported
“none” for each question. Respondents were also asked if
household members had, over the past 7 days, avoided crowded
areas or socia events, travelled (using local minibus taxis or
long-distance travel methods), or used face masks when going
out.

For health and economic impacts, primary respondents were
asked about household members’ ability to (1) accessall needed
daily medications, (2) access needed health care, and (3) earn
money. Finally, for mental health, we asked primary respondents
to answer the Generalized Anxiety Disorder 2-item (GAD-2)
and Patient Health Questionnaire 2-item (PHQ-2) scales. GAD-2
and PHQ-2 scores of =3 were considered positive, as per the
standard, South African—validated cutoffs [38]. The Cronbach
a values in this study were .85 for the PHQ-2 and .91 for the
GAD-2.

Statistical Analysis

We linked data from the high-intensity SAPRIN survey to the
following routine individual and household sociodemographic
data, which were collected from househol dsin 2019: the number
of children, working-aged adults, and pension-aged adults; the
maximum education level attained; node-specific asset index
quintiles; levels of employment; and the receipt of unconditional
socia grants. South African noncontributory pensions are
available to all citizens, permanent residents, or documented
refugees aged >60 years, although pension applications require
proof of status.

In this study, we included anyone who wasinterviewed in 2020.
First, we described survey response rates at each node and time
period as well as key, pre-COVID-19 epidemic household
characteristics. Second, we described changesin each of the 11
measures across the three domains (behavior, health and
economic impact, and mental health) based on node and month
of data collection. Third, we used multivariable regression
models to assess independent predictors of our outcomes of
interest viacomplete case analysis. For each outcome, wefitted
a Poisson model with household-level random effectsand robust
SEsto calculate prevalenceratios. All modesincluded variables
for node, interview round number, month of the interview, and
household characteristics. Data analysis was conducted with
Stata version 15.1 (StataCorp LLC) and R version 4.0.2 (The
R Foundation) [39]. Results were considered statistically
significant at the .05 level.
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Ethical Consider ations

All households previously provided consent to be contacted by
phone and each primary respondent provided recorded, verbal
consent. Households were not directly compensated for study
participation; however, one node annually provided a shopping
voucher (value of around US $3) to each participating household
to thank them for their participation in al SAPRIN-related
activities. Responses to questions were electronically captured
in secure, on-premise databases with role-based security.
Personally identifiable data were sequestered in separate
database tables with restricted access, and all analytic data sets
were pseudonymized prior to analysis. All study procedures
were approved by Limpopo, Mpumalanga, and KwaZulu-Natal’s
provincial Department of Health Research Ethics Committees
(RECs), the University of KwazZulu-Natal’s Biomedical REC,
the University of the Witwatersrand's Human REC (Medical),
and the University of Limpopo’s Turfloop REC.

Patient and Public I nvolvement

The adaptation of the existing SAPRIN surveillance program
was discussed with and approved by each nodes existing
community advisory groups prior to the finalization of the study
protocol. The results of the studies were routinely shared with
the community through a range of engagement activities that
were conducted by the teams at each node.

Data Availability

The data collected in the SAPRIN COVID-19 surveillance
survey, including those reported in this paper, will be made
available in pseudonymized form through the SAPRIN data
repository [4Q].

Results

Study I mplementation

Between April 15 and December 24, 2020, AHRI (in
KwaZulu-Natal) completed 14 waves of data collection,
Agincourt (in Mpumalanga) completed 12 waves of data
collection, and DIMAMO (in Limpopo) completed 11 waves
of data collection (Figure 1). These waves covered the entire
period of the first COVID-19 epidemic wave in South Africa,
including outbreaks of varying sizes that occurred in the three
provinces under observation, and part of the early phase of the
second national wave. The average response rate was 71%
(23,095/31,643), and response rates varied from 56.9%
(427/750) to 90.3% (1013/1122) depending on wave and node.
Direct refusal wasrare (1242/31,643, 3.8%), while unanswered
callswere more common (4304/31,643, 13.2%). Phone numbers
were quite often out of service or claimed to be wrong numbers
(3002/31,643, 9.2%; Table S1 in Multimedia Appendix 1).
Nonresponding households had lower levels of maximum
education and fewer employed members, but responding and
nonresponding households did not differ greatly based on
household wealth or grant receipt (based on 2019 data; Table
S2 in Multimedia Appendix 1). In total, 23,095 household
interviews were completed with 5120 unique households in
2020.
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Figure 1.
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Descriptive Results

Descriptive statistics for all respondent households with valid
telephone numbers and members who consented to and
completed an interview are shown in Table 1. In one-sixth
(894/3932, 21.7%) of the households, no one had completed
secondary education, while 19.3% (797/3932) included a
household member who had completed a postsecondary
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Epidemic curve and interview rounds across SAPRIN nodes in 2020. AHRI: Africa Health Research Ingtitute; DIMAMO:
nfrastructure Network.
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qualification. Wealthier households were more likely to have
a valid telephone number; at the AHRI and Agincourt nodes
they were also more likley to participate in study surveys.
Households were large (median of 5 resident and nonresident
members, of whom 2 were aged <18 years). Households had a
mean of 1.2 employed members. In total, 38.9% (1979/5083)
of al householdsreceived 1 or more old-age pensions and 66.2%
(3364/5083) received other government grants.
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Table 1. Descriptive statisticsfor participating households at South African Population Research Infrastructure Network nodes from April to December

2020.
Characteristics Total® Node?
AHRI® Agincourt DIMAMOY P value®
Number of households 5120 1608 1797 1715 N/AF
Highest education attained, %9 <.001
L ess than complete secondary education 21.7 234 225 16.3
Complete secondary education 59 59.7 77.3 17.3
Diploma/certificate/degree 19.3 16.9 0.2 66.4
Node-specific household wealth quintile, %" <.001
Lowest 14 16.3 9.6 18.1
Second lowest 18.2 19.8 16.5 184
Middle 20.9 20.1 20.8 22,6
Second highest 22.8 20.4 254 22.2
Highest 241 235 217 18.6
Household sizein 2020', median (IQR) 5(3-8) 5(3-8) 6(4-8) 5(37) <.001
Number of children 2(1-3) 2(1-9) 2(1-3) 1(0-3) <.001
Number of working age adults 3(2-4) 2(1-4) 3(2-5) 3(2-9) <.001
Number of people aged over 60 0(0-1) 0(0-1) 0(0-1) 0(0-1) .79
Number of full-time or part-time employed people, median (IQR)j 102 1(0-2) 1(0-2 0(0-1) <.001
Number of pension grant receivers, median (IQR)! 0(0-1) 0(0-1) 0(0-1) 0(0-1) .06
Number of nonpension grant receivers, median (IQR) 1(0-3) 1(0-3 2(0-3) 1(0-2) <.001

8Percentages refer to all participating households.
bPercentag&s refer to al households with nonmissing values.
°AHRI: Africa Health Research Institute.

4DIMAMO: Dikgale-Mamabolo-Mothiba

P values were based on the differences in characteristics between groups and were calculated from Chi-square tests for categorical variables and
Wilcoxon rank-sum tests (participation comparison) or Kruskal-Wallis tests (node comparisons) for continuous variables.

N/A: not applicable.

9Dataare missing from 1.4% (22/1608) of househol ds surveyed by AHRI, 4.8% (86/1797) of househol ds surveyed by Agincourt, and 48.3% (828/1715)

of households surveyed by DIMAMO.

PData are missing from 0.5% (8/1608) of households surveyed by AHRI, 6.6% (118/1797) households surveyed by Agincourt, and 47.7% (818/1715)

of households surveyed by DIMAMO.

iHousehold sizesin 2020 were only determined for participating households.

IDataare missing from 23 households surveyed by AHRI, 10 households surveyed by Agincourt, and 4 households surveyed by DIMAMO.

Figure 2 describes the questionnaire responses across time and
location. Respondents self-reported satisfaction with their
knowledge about COVID-19 rose over time at all three nodes
from 53.7% (972/1811) in April and May 2020 to 92.1%
(1997/2169) in December 2020. The number of daily visitors
to households was consistently low; the proportion of
households that had 1 or more visitors on the day before the
survey peaked in May (202/1693, 11.9%). The proportion of
households with members who left home increased over time,

https://publichealth.jmir.org/2021/5/€26073

ranging from 28.2% (33/117) in April to a peak of 79.5%
(1459/1836) in June. There was however a notable drop in this
proportion at AHRI in KwaZulu-Natal (June: 641/842, 76.1%;
August: 192/1064, 18%) that occurred concurrently with reports
of local COVID-19 transmission. The proportion somewhat
increased again by October (400/1133, 35.3%). Face mask use
rose rapidly and became almost universal at all three nodes by
June.
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Figure 2. Knowledge about, behavior relating to, and impact of COVID-19 and related regulations at South African Population Research Infrastructure
Network nodes from April to December 2020. Graphs A, D, E, F, J, and K reflect individual-level responses of the primary household respondents.
GraphsB, C, G, H, and | reflect household-level responses reported by the primary household respondents. VVal ues are proportions of household primary
respondents and 95% CIs. Precise values are provided in Table S3 in Multimedia Appendix 1. AHRI: Africa Health Research Institute; DIMAMO:
Dikgale-Mamabolo-Mothiba; GAD-2: Generalized Anxiety Disorder 2-item; PHQ-2: Patient Health Questionnaire 2-item.
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Respondents’ reported inability to access health care remained
low and relatively stable over time. However, households
reported that members missed daily medications in the past
week at 52.9% (12,155/22,974) of interviews. Although rates
of missed daily medications were stable over time at Agincourt
and DIMAMO, they amost doubled at AHRI from 37.4%
(315/843) in June to 64.9% (634/979) in July, as the epidemic
arrived in the local area. The proportion of households that
reported that members lost earnings due to COVID-19
regulations dropped substantially asthe lockdown was reduced
from Level 5to Level 4. This proportion dropped again when
the lockdown was lowered to Level 3 and remained steadily
low thereafter. Finally, the proportion of individuas who
screened positive for possible anxiety and depression fell over
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time at AHRI and DIMAMO and stayed low at Agincourt
throughout the period studied.

Multivariable Results

After accounting for study node and month of interview, and
despite variation in household composition, no household
characteristics were substantively associated with (1)
respondents  self-reporting  satisfaction  with  their
COVID-19—elated knowledge; (2) residentsleaving their homes
intheweek beforetheinterview; or (3) residents avoiding travel
or face mask use (Tables 2 and 3). Households with individuals
who had attained more education were more likely to report
that they had had visitors on the day before the interview and
lesslikely to report that they had avoided crowded spaces. These
associations may reflect that more educated individuas are
likelier to live in more urban locations.
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Table2. COVID-19-related knowledge and home behaviorsin South Africafrom April to August 20202

Variable Individual has enough knowl-  Household had any visitors Any member left home (n=17,164),
edge (n=17,292), prevalence  (n=17,282), prevalenceratio  prevalenceratio (95% Cl)

ratio (95% CI)

(95% Cl)

Node

AHRIP (Kwazulu-Natal)
Agincourt (Mpumalanga)
DIMAMOY (Limpopo)
Month of interview
April
May
June
July
August
September
October
November
December
Household members (per person)
Children
Working-aged adults
Pension-aged adults

1.00 (N/A%)
1.09 (1.07-1.11)
0.91 (0.88-0.95)

0.93(0.77-1.13)
1.00 (N/A)

1.32 (1.25-1.39)
1.45 (1.38-1.52)
1.64 (1.56-1.71)
1.69 (1.62-1.77)
1.71 (1.63-1.79)
1.72 (1.64-1.80)
1.80 (1.71-1.89)

1.00 (1.00-1.01)
1.00 (1.00-1.00)
0.98 (0.96-1.00)

Maximum education of household members

Lessthan complete secondary education  1.00 (N/A)

Complete secondary education

Diploma/certificate/degree
Household income sourcesin 2019

Full-time and part-time employees

Pension grants

Nonpension grants

Household asset index quintiles

1.02 (1.00-1.04)
1.02 (0.98-1.06)

1.01 (1.00-1.02)
0.99 (0.97-1.01)
1.00 (1.00-1.02)
1.00 (0.99-1.01)

1.00 (N/A)

2.07 (1.76-2.43)
1.42 (1.07-1.88)

1.08 (0.57-2.04)
1.00 (N/A)

0.72 (0.59-0.88)
0.71 (0.60-0.84)
0.64 (0.530.77)
0.69 (0.57-0.83)
0.79 (0.65-0.96)
0.87 (0.72-1.05)
0.48 (0.37-0.62)

0.96 (0.91-1.01)
0.99 (0.96-1.03)
1.09 (0.95-1.26)

1.00 (N/A)
0.92 (0.78-1.08)
1.06 (0.80-1.39)

1.06 (1.01-1.11)
0.96 (0.83 - 1.11)
0.99 (0.94-1.04)
0.99 (0.94-1.03)

1.00 (N/A)

2.26 (2.18-2.35)
2.58 (2.46-2.72)

0.76 (0.57-1.02)
1.00 (N/A)

1.29 (1.24-1.35)
0.98 (0.94-1.03)
0.91 (0.87-0.96)
1.00 (0.95-1.04)
1.05 (1.00-1.10)
1.03 (0.98-1.08)
0.98 (0.93-1.03)

1.02 (1.02-1.03)
1.02 (1.01-1.02)
1.01 (0.98-1.04)

1.00 (N/A)
1.00 (0.97-1.03)
1.01 (0.96-1.07)

1.01 (1.00-1.02)
0.97 (0.94 - 1.00)
0.99 (0.99-1.00)
1.00 (1.00-1.01)

3Each column (knowledge, the number of visitors, and members leaving home) is a single Poisson regression with household-level random effects and
robust SEs for calculating prevalence ratios and 95% Cls. In total, 17,384 observations have complete covariate data and 5704 observations from 1475
househol ds have missing covariate values; 33 households surveyed by AHRI, 103 surveyed by Agincourt, and 1339 surveyed by DIMAMO are missing
data. The remaining missing observations reflect missing outcome values.

BAHRI: Africa Health Research Institute.
°N/A: not applicable.
4DIMAMO: Dikgale-Mamabolo-Mothiba
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Table 3. Beyond-home behavior regarding COVID-19 at South African Population Research Infrastructure Network nodes from April to August 2020%,

Variable Individual avoided crowds
(n=17,043), prevalenceratio

Individual used face mask
(n=17,043), prevalenceratio

Individual avoided transport
(n=17,043), prevalenceratio

(95% Cl) (95% CI) (95% CI)
Node
AHRI® (Kwazulu-Natal) 1.00 (N/A©) 1.00(N/A) 1.00 (N/A)
Agincourt (Mpumalanga) 0.77 (0.75-0.79) 1.05(1.01-1.10) 0.98 (0.97-0.99)

DIMAMOY (Limpopo)
Month of interview
April
May
June
July
August
September
October
November
December
Household members (per person)
Children
Working-aged adults
Pension-aged adults
Maximum education of household members
Less than compl ete secondary education
Complete secondary education
Diploma/certificate/degree
Household income sourcesin 2019
Full-time and part-time employees
Pension grants
Nonpension grants

Household asset index quintiles

1.24 (1.19-1.29)

1.51(1.39-1.63)
1.00 (N/A)

1.36 (1.29-1.43)
1.15 (1.09-1.22)
1.30 (1.23-1.38)
1.35 (1.28-1.42)
1.18 (1.12-1.25)
1.13 (1.07-1.19)
1.08 (1.01-1.15)

1.00 (1.00-1.01)
1.02 (1.01-1.02)
1.02 (1.00-1.05)

1.00 (N/A)
1.00 (0.97-1.03)
0.96 (0.92-1.00)

0.99 (0.98-1.00)
1.00 (0.97-1.02)
1.00 (0.99-1.00)
1.00 (0.99-1.01)

1.87 (1.76-1.98)

1.40 (1.12-1.75)
1.00 (N/A)

1.54 (1.41-1.68)
1.37 (1.26-1.49)
1.31 (1.20-1.43)
1.48 (1.36-1.60)
1.40 (1.29-1.52)
1.48 (1.36-1.61)
1.30 (1.19-1.43)

1.01 (1.00-1.02)
1.02 (1.01-1.03)
1.00 (0.96-1.04)

1.00 (N/A)
1.02 (0.98-1.07)
1.00 (0.94-1.07)

0.99 (0.98-1.00)
1.00 (0.97-1.05)
0.99 (0.98-1.00)
1.00 (0.99-1.01)

1.00 (0.98-1.01)

0.28 (0.20-0.40)
1.00 (N/A)

1.30 (1.26-1.34)
1.28 (1.24-1.32)
1.32 (1.28-1.36)
1.33 (1.30-1.37)
1.34(1.31-1.38)
1.34 (1.30-1.38)
1.34 (1.30-1.39)

1.00 (1.00-1.00)
1.00 (1.00-1.00)
1.00 (0.99-1.01)

1.00 (N/A)
1.00 (0.99-1.01)
1.00 (0.98-1.01)

1.00 (1.00-1.00)
1.00 (0.99-1.01)
1.00 (1.00-1.00)
1.00 (1.00-1.00)

3Each column (knowledge, the number of visitors, and members leaving home) is a single Poisson regression with household-level random effects and
robust SEs for calculating prevalence ratios and 95% Cls. In total, 17,384 observations have complete covariate data and 5704 observations from 1475
househol ds have missing covariate values; 33 households surveyed by AHRI, 103 surveyed by Agincourt, and 1339 surveyed by DIMAMO are missing

data. The remaining missing observations reflect missing outcome values.

BAHRI: Africa Health Research Institute.
°N/A: not applicable.
4DIMAMO: Dikgale-Mamabolo-Mothiba

Households with a higher number of older individuals and
pension recipients were more likely to have a recent unmet
health need (nonsignificantly for older members; P=.55) but
were less likely to have been unable to access medicine (Table
4). These same two factors predicted alower prevalence of lost
earnings, as did having ahousehold member who had completed
secondary education; having a household member who had
completed postsecondary education was not predictive of lost

https://publichealth.jmir.org/2021/5/€26073
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earnings. Finaly, the prevalence of depression and anxiety
symptoms was higher in households with a member that had a
postsecondary qualification, and the prevalence of depression
symptoms was nonsignificantly (P=.18) greater in households
that received pension grants compared to those that did not
receive pension grants (either due to households having no
eligible members or not having applied for such grants; Table
5).
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Table 4. Health care and economic behaviors at South African Population Research Infrastructure Network nodes from April to August 20202,

Variable Any member missed daily Any member unableto accesshealth  Any member lost earnings
medication (n=17,277), preva- care (n=17,272), prevalenceratio  (n=17,256), prevalenceratio
lence ratio (95% Cl) (95% ClI) (95% Cl)

Node

AHRIP (Kwazulu-Natal)
Agincourt (Mpumalanga)
DIMAMOY (Limpopo)
Month of interview
April
May
June
July
August
September
October
November
December
Household members (per person)
Children
Working-aged adults
Pension-aged adults
Maximum education of household members
Less than compl ete secondary education
Complete secondary education
Diploma/certificate/degree
Household income sourcesin 2019
Full-time and part-time employees
Pension grants
Nonpension grants

Household asset index quintiles

1.00 (N/A)
1.20 (1.14-1.27)
1.60 (1.48-1.74)

1.08 (0.88-1.33)
1.00 (N/A)

1.06 (0.99-1.13)
1.22 (1.15-1.28)
1.10 (1.04-1.17)
0.81 (0.76-0.87)
0.93 (0.87-1.00)
0.98 (0.92-1.05)
1.02 (0.94-1.10)

0.99 (0.98-1.01)
0.98 (0.96-0.99)
0.81 (0.76-0.86)

1.00 (N/A)
1.07 (1.00-1.14)
1.08 (0.99-1.18)

1.02 (1.00-1.04)
0.92 (0.86-0.98)
1.01 (0.99-1.02)
1.01 (0.99-1.03)

1.00 (N/A)

0.34 (0.29-0.40)
1.66 (1.31-2.09)

0.64 (0.38-1.09)
1.00 (N/A)

051 (0.41-0.64)
0.52 (0.42-0.64)
0.35 (0.28-0.44)
0.33(0.26-0.42)
0.17 (0.13-0.23)
0.48 (0.39-0.59)
0.48 (0.37-0.63)

1.00 (0.96-1.04)
1.03 (0.99-1.07)
1.04 (0.91-1.20)

1.00 (N/A)
0.98 (0.82-1.16)
1.02 (0.82-1.28)

1.01 (0.96-1.05)
1.21 (1.05-1.40)
0.98 (0.94-1.02)
1.00 (0.95-1.05)

1.00 (N/A)

0.90 (0.80-1.01)
0.27 (0.19-0.38)

1.56 (1.29-1.89)
1.00 (N/A)

0.58 (0.52-0.66)
0.57 (0.52-0.64)
057 (0.51-0.64)
0.42 (0.37-0.48)
0.27 (0.23-0.33)
0.27 (0.22-0.32)
0.37 (0.31-0.45)

1.01 (0.97-1.04)
1.07 (1.04-1.10)
0.82 (0.72-0.92)

1.00 (N/A)
1.15 (1.00-1.32)
1.03(0.83 - 1.28)

1.04 (1.00-1.08)
0.92 (0.81-1.05)
1.04 (1.00-1.07)
0.99 (0.95-1.03)

3Each column (knowledge, the number of visitors, and members leaving home) is a single Poisson regression with household-level random effects and
robust SEs for calculating prevalence ratios and 95% Cls. In total, 17,384 observations have complete covariate data and 5704 observations from 1475
househol ds have missing covariate values; 33 households surveyed by AHRI, 103 surveyed by Agincourt, and 1339 surveyed by DIMAMO are missing
data. The remaining missing observations reflect missing outcome values.

BAHRI: Africa Health Research Institute.
°N/A: not applicable.
4DIMAMO: Dikgale-Mamabolo-Mothiba
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Table 5. Mental health impacts of COVID-19 and household characteristics at South African Population Research Infrastructure Network nodes from

April to August 20202

Variable
prevalence ratio (95% ClI)

Individual PHQ-Zb screened positive (n=17,257), Individual GAD-2° screened positive (n=17,256),

prevalence ratio (95% Cl)

Node

AHRIY (Kwazulu-Natal) 1.00 (N/A®)
0.35 (0.30-0.41)

1.16 (0.93-1.44)

Agincourt (Mpumalanga)

DIMAMO' (Limpopo)

Month of interview

April 1.34 (0.87-2.05)
May 1.00 (N/A)

June 0.37 (0.27-0.50)
July 0.93 (0.76-1.14)
August 0.59 (0.47-0.74)
September 0.56 (0.44-0.71)
October 0.34 (0.26-0.46)
November 0.60 (0.47-0.77)
December 0.88 (0.67-1.16)

Household members (per person)
Children 1.01 (0.97-1.05)
1.03 (0.99-1.07)

0.88 (0.76-1.02)

Working-aged adults
Pension-aged adults

M aximum education of household members
L ess than complete secondary 1.00 (N/A)

1.07 (0.91-1.27)

1.33 (1.08-1.65)

Complete secondary

Diploma/certificate/degree
Household income sourcesin 2019

Full/part-time employees 0.97 (0.92-1.02)
1.11 (0.95-1.29)
0.98 (0.94-1.02)

1.01 (0.96-1.06)

Pension grants
Non-pension grants

Household asset index quintiles

1.00 (N/A)

0.46 (0.39-0.54)
2.83(2.23-3.60)

2.15 (1.55-2.99)
1.00 (N/A)

0.72 (0.57-0.91)
0.61 (0.50-0.75)
0.41 (0.33-0.51)
0.25 (0.19-0.33)
0.06 (0.04-0.10)
0.32 (0.25-0.43)
0.63 (0.47-0.84)

1.03 (0.98-1.07)
1.01 (0.97-1.05)
0.91 (0.78-1.07)

1.00 (N/A)
0.89 (0.75-1.07)
1.16 (0.92-1.46)

0.98 (0.93-1.03)
0.99 (0.84-1.16)
0.99 (0.95-1.03)
1.06 (1.00-1.11)

8 ach column (knowledge, the number of visitors, and members leaving home) is on a single Poisson regression with household-level random effects
and robust SEs for calculating prevalence ratios and 95% Cls. In total, 17,384 observations have complete covariate data and 5704 observations from
1475 households have missing covariate values; 33 households surveyed by AHRI, 103 surveyed by Agincourt, and 1339 households surveyed by

DIMAMO are missing data. The remaining missing observations reflect missing outcome values.

bPHQ-2: Patient Health Questionnaire 2-item.
CGAD-2: Generalized Anxiety Disorder 2-item.
dAHRI: Africa Health Research Institute.
EN/A: not applicable.

‘DIMAMO: Dikgale-Mamabolo-Mothiba

Discussion

Principal Findings

By conducting rapid, repeated telephonic interviews at sitesin
three provinces in South Africa, we observed how households
in rural and periurban areas responded to and were affected by
national NPIsthat were enacted to minimize the epidemic spread

https://publichealth.jmir.org/2021/5/€26073
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of COVID-19. As both NPIs and the epidemic spread across
the country, our longitudinal surveillance program captured the
impact of both processes.

Our first key finding was that the South African national public
health measures and messages implemented were effective in
several ways. Respondents across three provinces showed
consistent improvements over time in satisfaction with their
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understanding of the epidemic. There was early concern that
South Africa's public health messages were insufficiently
contextualized to the country’s varying social and economic
conditions. Both politicians and scientists conducted televised
national press conferences that were supported by provincial
and local follow-up events. Although causality cannot be proven
between these events and changesin behavior, in linewith other
evidence from South Africa and other countries [21,31], our
respondents reported that they rapidly and comprehensively
complied with public health messages, including those about
face mask use, and actively avoided crowds and public transport.
Several of these protective behaviors remained prevalent even
as formal, lockdown-related NPIs were relaxed and even after
the first national epidemic wave had passed. This continued
adherence to policies, which persisted even after they were no
longer formally required, highlights the importance of
considering how infection-related fears and prosocial desires
to protect others can drive epidemic dynamics [41-43]; formal
lockdowns may belessvital than carefully crafted public health
communication.

Second, we identified substantial behavior changes as the
COVID-19 epidemic arrived in the local study areas. Thiswas
particularly noticeable at the KwaZulu-Natal node, whererapid
epidemic growth inthelocal district during early July coincided
with a rapid decline in the proportion of household members
leaving home and concomitant increases in levels of missed
daily medications and the inahility to access needed health care.
There were also smaller behavior changes that occurred after
mid-December at the Mpumalanga and Limpopo nodes (the
KwaZulu-Natal node stopped data collection early in the month)
as the second epidemic wave spread across the country.

These behavioral responsesreflected local epidemic dynamics.
The first national epidemic started in the Western Cape and
spread first to the adjacent Eastern Cape before spreading to
the densely populated Gauteng province and urban eThekwini
in KwazZulu-Natal and then finally reaching the rural eastern
and northern areas of South Africa, whichwereanayzedinthis
study. The second wave began in the Eastern Cape during
November before spreading nationwide. The patterns of rapid
behavior change in the face of arising epidemic wave seenin
this study were congruent with those seen worldwide. However,
there are limited data on behavior in low- and middle-income
countries either after first waves have receded or during
subsequent waves. The impact of regulations and epidemic
trajectories on travel is particularly pertinent in our study
settings, as medium- and long-distance circular labor migration
to urban areas is highly prevalent and vital to the economic
well-being of rural and periurban South African households
[44]. Bans on long-distance travel have potentially substantial
economic implications for people who are not able to return to
work, although such travel bans might also partially explain the
limited epidemics that were seen in these rural areas even as
NPIs were relaxed.

Third, our mental health findings are reassuring. At all three
nodes, we observed declines over time in the prevalence of
depression and anxiety symptoms (based on validated screening
scales). The prevalence of such symptoms was notably higher
at the DIMAMO periurban nodein Limpopo earlier in the year.

https://publichealth.jmir.org/2021/5/€26073
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This higher prevalence perhaps reflected concerns of being at
greater risk of SARS-CoV-2 infection due to respondents
proximity to the nearby city of Polokwane. However, it was
encouraging that even when the COVID-19 epidemic arrived
at AHRI in KwaZulu-Natal during July 2020, depression and
anxiety prevalence did not increase, though the uptick in these
rates that occurred late in the year as the second wave arrived
at Agincourt in M pumalangamay be concerning. Mental health
concernswere much more prevalent at some sitesthan at others,
particularly earlier in the year, but it is aso notable that
households with postsecondary-educated members were
significantly morelikely to report depression (prevalencerratio:
1.33; 95% Cl 1.08-1.65; P=.008) and nonsignificantly more
likely to report anxiety (prevalence ratio: 1.16; 95% ClI
0.92-1.46; P=.21). Comparisons are complex, but our findings
align with national South African data, which suggest that
COVID-19—~elated mental health impacts were more limited
in low-income and rural areas [31]. Longitudinal surveillance
across a range of settings via harmonized measures will help
determine the extent to which mental health isdirectly affected
by COVID-19—related fearsand indirectly affected by secondary
socia and economic effects.

Fourth, our analysisraises concern about unmet needsfor health
care. Households reported that members had recently missed
daily medication doses at amost half of all interviews
(10,819/22,974, 47.1%) and that amember had wanted but was
unable to access health care in the 7 days before the interview
6.7% (1538/22,967) of the time. These levels are similar to
those of other South African surveys [25]. Notably, the
epidemic’sarrival at AHRI had diverging effects; unmet health
care needs did not change much, but missed medication rates
almost doubled. These patterns suggest that household members
may be calculating the trade-offs between COVID-19 and
non—COVID-19risksand are potentially willing to risk physical
proximity to others to attend clinics [45] but not to collect
medicine [46]. However, unmet health care and medication
needs at the other study sites were stable throughout the
observation period. Additional information is needed to
determine (1) whether unmet health care needs are indicative
of operational, mobility, transport cost, and transport availability
issues or other issues; and (2) the extent to which such needs
were the result of or were exacerbated by the COVID-19
epidemic or related regulations. Datathat cover the pre-epidemic
and postepidemic periods would help identify these effects, as
would qualitative investigations of household decision making
during lockdowns.

Finally, wefound that househol dswith higher numbers of older
members and pension recipients reported more unmet health
care needs but fewer instances of missed daily medication or
lost earnings. South African noncontributory pensions—broad
national government support schemesthat are often the largest
household income source in these relatively rural settings with
very high unemployment rates—have previously been linked
to positive physical and mental health outcomes [47,48]. Our
study suggests that such government support structures likely
play an essential rolein maintaining household security in crisis
contexts such as the COVID-19 epidemic by providing a
guaranteed incometo vulnerable popul ations. The government’s

JMIR Public Health Surveill 2021 | vol. 7 |iss. 5 [€26073 | p.144
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

temporary supplementation of grant programs through top-up
payments and novel noncontributory unemployment support
early in the epidemic may have also helped [13]. However, it
will be important to observe if the ending of income
supplementation (grant top-ups ended in October 2020;
unemployment payments have continued in 2021) reversesthese
supplements  beneficial effects. The lack of substantive
associations between household characteristics and social
distancing measuresis al so noteworthy. I|n someinstances, such
as mask use, this likely reflects an overwhelming uptake of
protective behaviors, which made dtatistically significant
associations impossible. In other instances, our results suggest
either that behavior was primarily driven by the epidemic
cycle—as measured by interview month—or that key drivers
of household behavior were not included in our analysis. Further
investigations of thisand other data sources may help determine
which (if any) characteristics predict changes in protective
behaviors during the COVID-19 epidemic.

This study presents an overview of key insights across time
from multiple sites across South Africa. However, there are
several additional analysesthat could further contextualize our
findings. First, data can be longitudinally analyzed at the
household or individual level to evaluate trajectories of behavior
and impact asthe COV1D-19 epidemic continuesto affect rural
and periurban environments. For example, it will be important
to evaluate the impact of new government policies, such asthe
ending of temporary increases in noncontributory grants.
Second, these behavior-related data can be linked to COVID-19
symptoms and individual and population health outcomes to
evaluate how risk perceptions and reactions are associated with
health outcomes. Third, a more in-depth analysis of how
household members historical and current age, gender,
employment status, and migration composition, as well as
preexisting comorbidities, affect the impacts of COVID-19 and
NPIswill help identify those who are most in need of support
during such crises. The ongoing SAPRIN COVID-19
surveillance program will enable thelongitudinal measurement
of these factors throughout the epidemic’s course.

Strengths and Limitations

This study has limitations. As with all observational studies,
the generalizability of our results to those outside our study
population—in this case, households in rural and periurban
areas of eastern South Africa—is uncertain. This concern was
tempered by our ability to compare and combine data across
multiple sites and compare our results to those of other studies
on the COVID-19 epidemic’'s impact in South Africa and
Sub-Saharan African. Additionally, while household cellphone
ownership was high, there was evidence that lower-wealth
households in these areas were somewhat less likely to
participate in the survey. Although nonrandom response may
have affected prevalence measures, it should have very limited
scope to affect the trend measures we focused on. Further, our
data were self-reported and thus represented perceived needs
and impacts, and changes in reported behavior may have
reflected desirability biases. However, even with such hiases,
our findings provide insight into the perceptions and lived
experiences of these communities. Comparing our findings to
digital data sources can help aleviate such biases. Finaly, we
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did not have data on identical questions from the pre-epidemic
period; however, we were able to include similar information
on many topics from earlier surveillance studies.

Thisstudy also has severa strengths, including aclearly defined
sampling base, high response rates, low attrition rates, frequent
follow-up, and linkages to pre-epidemic household data.
Although we were not able to interview the same people in
every survey wave, our longitudinal household cohort design,
which allowed for repeated interviewswith the same households
over multiple months, reduced the risk of confounding by
time-invariant household factors that could have arisen if we
had used multiple cross-sectional surveys. Many of these
benefits arise from the nature of the existing SAPRIN
surveillance infrastructure, which reinforces the importance of
long-term, population-based surveillance systems that collect
social, demographic, and health data. This study demonstrates
that surveillance systems can be rapidly repurposed to respond
to emergency health needs, including (1) rapid pathogen data
acquisition; (2) the identification of susceptible populations;
(3) the assessment of behavioral and biomedical interventions,
and (4) the devel opment of mitigation strategies [49].

SAPRIN nodes have been working with their local communities
for 20-28 years. Such long-term engagement promotes deep
understanding and community buy-in, which in turn enables
rapid implementation and sustained, high-intensity follow-ups
with minimal dropout. The network nature of SAPRIN also
allowed each node to flexibly implement an overarching
protocol. Furthermore, the use of telephonic call centersat each
node allowed for rapid survey rollout that was based on
previously provided informed consent for personal calls and
substantially reduced therisk of SARS-CoV-2 infection among
study staff and research participants. Since these call centers
employed localy recruited staff, we were able to reach
popul ation segments that web-based surveys (in a country with
rural areas that have limited access to internet) and even
random-digit dialing approaches (in a country with 11 official
spoken languages and numerous dialects) struggle to capture.
Additionally, we could link self-response survey data to other
data sources within the SAPRIN databases. These include the
previously collected sociodemographic data used in this study
and biological samples that were collected as part of the
COVID-19surveillance project. SAPRIN datacan a so belinked
to dataon public sector health care use and laboratory test results
through memoranda of understanding with government
departments. SAPRIN’s ongoing expansion will also allow
comparisons with well-characterized urban sitesto be made in
the future.

Conclusion

South Africansin three rural and periurban areas were largely
willing and able to comply with national government regulations
and recommendations regarding social interaction and other
risk behaviors related to COVID-19, despite limited resources
and the substantial economic need to travel. This rapid uptake
of preventative behaviors reflects the clarity of government
messages and the popul ation’swillingness to comply with such
measures, even in settings where enforcement measures were
limited. Even as official NPIs were relaxed, the arrival of the
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epidemic in local areas led to further self-imposed behavioral
restrictions, several of which led to difficulties in accessing
health care. However, the economic and mental health effects
of NPIs continued to decline as the measures were eased. Our
findings highlight the importance of monitoring the possibly
deleterious secondary impacts of NPIs in epidemic situations.
Our resultsreinforce the principle that NPIs should be adjusted

Harling et a

based on epidemic cycles and show that mitigation measures
will be required to combat anticipated and unanticipated
secondary impacts. All of these factors should be considered
when setting, adjusting, and relaxing NPIs in low-income
settings, especially as urgently established national policiesgive
way to differentiated, decentralized approaches across diverse
subnational environments.
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Abstract

Background: Social media has become a ubiquitous part of daily life during the COVID-19 pandemic isolation. However, the
role of social mediausein depression and suicidal ideation of the general public remains unclear. Related empirical studies were
limited and reported inconsistent findings. Little is known about the potential underlying mechanisms that may illustrate the
relationship between social media use and depression and suicidal ideation during the COVID-19 pandemic.

Objective: This study tested the mediation effects of social loneliness and posttraumatic stress disorder (PTSD) symptoms on
the rel ationship between social media use and depressive symptoms and suicidal ideation, aswell asthe moderation effect of age
on the mediation models.

M ethods: We administered a popul ation-based random telephone survey in May and June 2020, when infection control measures
were being vigorously implemented in Hong Kong. A total of 1070 adults (658 social media users and 412 nonusers) completed
the survey. Structural equation modeling (SEM) and multigroup SEM were conducted to test the mediation and moderation
effects.

Results: The weighted prevalence of probable depression was 11.6%; 1.6% had suicidal ideation in the past 2 weeks. Both
moderated mediation models of depressive symptoms (x?%,=335.3; P<.05; comparativefit index [CFI]=0.94; nonnormed fit index

[NNFI]=0.92; root mean square error of approximation [RMSEA]=0.06) and suicidal ideation (x%,=50.8; P<.05; CFI=0.99;
NNFI=0.99; RM SEA=0.02) showed acceptable model fit. There was a significantly negative direct effect of social mediause on
depressive symptoms among ol der people (3=—07; P=.04) but not among younger people (3=.04; P=.55). Theindirect effect via
PTSD symptoms was significantly positive among both younger people (3=.09; P=.02) and older people (3=.10; P=.01). The
indirect effect via social loneliness was significant among older people (3=—01; P=.04) but not among younger people (=.01;
P=.31). Thedirect effect of social media use on suicidal ideation was not statistically significant in either age group (P>.05). The
indirect effectsvia PTSD symptoms were statistically significant among younger people (3=.02; P=.04) and older people (f=.03;
P=.01). Social loneliness was not a significant mediator between social media use and suicidal ideation among either age group
(P>.05).
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Conclusions: Social media may be a*“double-edged sword” for psychosocia well-being during the COVID-19 pandemic, and
itsrolesvary across age groups. The mediatorsidentified in this study can be addressed by psychological interventionsto prevent
severe mental health problems during and after the COVID-19 pandemic.

(JMIR Public Health Surveill 2021;7(5):€24623) doi:10.2196/24623

KEYWORDS

social media; depression; suicidal ideation; social loneliness; posttraumatic stress; suicide; mental health; COVID-19; loneliness,

age; mediation

Introduction

Unprecedented control measures, such aslockdown, quarantine,
social distancing, and home confinement, have been
implemented to contain the spread of COVID-19, an infectious
disease caused by a coronavirus that was newly discovered in
2019 [1,2]. These measures have brought marked changes in
our social worldsand digital lifestyleswithin ashort timeframe.
Asalarge proportion of the global population hunkers downin
isolation away from their family and friends, social media and
social networking sites (SNSs) have become a crutch for human
connection and information sharing [3]. Although the World
Health Organization (WHO) has expressed support for the
gaming industry’s online social media campaign
#PlayApartTogether, which incorporates WHO guidelines on
coronavirus prevention [4], the role of social media use in the
mental health of the general public during the COVID-19
pandemic remains unclear. Related empirical studies have been
limited and have reported inconsistent findings [5-8]. The
inconsistent results highlight the need to explore the potential
underlying mechanisms that may illustrate the link between
social media use and mental health during the COVID-19
pandemic; however, we did not identify such studies. In
addition, there have been growing concerns about people
experiencing increased suicidal ideation or self-harming
behavior during the COVID-19 pandemicisolation [9]. No study
tested whether or how socia media use status may influence
suicidal ideation during the COVID-19 pandemic.

Reduced social loneliness and increased trauma-related stress
(eg, posttraumati ¢ stress disorder [PTSD] symptoms) may serve
as two important psychosocial mechanisms that explain the
relationship between social media use and depression and
suicidal ideation. Social loneliness refersto the situation where
an individual has a smaller number of relationships, stemming
from the absence of abroader group of contacts or an engaging
socia network, such as friends, colleagues, and neighbors.
Meanwhile, social media has been demonstrated to play an
important role in forming and maintaining social networks and
socia capital, which may counter social loneliness [10-12].
While isolation during the COVID-19 pandemic may have
reduced physical interpersonal encounters and increased social
loneliness, social media can maintain social connections (eg,
Shah et a [13]). Thus, social media may help to reinforce
interpersonal resources and ameliorate social loneliness, which
may help people cope with stress and mitigate the adverse
impact of the COVID-19 pandemic on mental health [14,15].

On the other hand, intensified trauma-related stress and PTSD
symptoms may explain the positive association between social

https://publichealth.jmir.org/2021/5/€24623

media use and mental health (eg, Chao et a [5] and Riehm et
al [6]). Social media may allow for the spread of rumors, fake
news, and negative emotions, such as hopelessness, anxiety,
and fear (eg, Depoux et a [16] and Kramer et al [17]).
Ubiquitous and repeated socia media exposure to
anxiety-provoking topics related to the health crisis can also
lead usersto inaccurately estimate the threat of infection within
their communities[18]. This can trigger acute and posttraumatic
stress responses as well as panic responses during collective
traumatic events, which may, in turn, aggravate depressive
symptoms and suicidal ideation during a pandemic [19].

Theoretically, the proposed mediation effects of social loneliness
and PTSD symptoms can be supported by the conservation of
resources (COR) theory [20]. Thistheory suggeststhat perceived
and actual loss or gain of interpersonal resources (eg, socia
connection and loneliness) and personal resources (eg, perceived
stress and self-efficacy) serves as the central mechanism that
explains how people may develop psychological distress. This
theory has been applied to explain the relationships between
the use of digital technology and psychological well-being; that
is, social media can significantly affect the psychosocial
resources of users, which, in turn, affect their mental health and
distress (eg, Feldman et a [21] and van der Velden et a [22]).
Social loneliness and perceived traumarelated stress are
well-documented interpersonal and personal factors of severe
mental health problems[23,24]. However, we have not identified
any studiesthat tested their mediation effects on the relationship
between social media use and mental health during collective
traumatic events.

Furthermore, an increasing number of older adults have been
using theinternet and social media. In Hong Kong, people aged
45 years or above have caught up rapidly with their social media
participation rate (ie, 78% in 2018) [25]. Social media
applications are considered helpful in reducing loneliness and
enhancing well-being among older adults, while concerns about
the negative consegquences on well-being have been highlighted
in some studies (eg, Leist [26] and Berryman et a [27]). Most
research on the effects of social media use has focused on
younger people only, with few studies conducted among ol der
people (eg, van der Velden et al [22]). It is unclear how age
may moderate the effect of social media use on psychosocial
status during the COVID-19 pandemic.

In this study, we randomly recruited both social media users
and nonusers to create a representative sample of the Hong
Kong population; we examined whether and how social media
useisassociated with depressive symptoms and suicidal ideation
through two psychosocial processes; social lonelinessand PTSD
symptoms. We hypothesized the following:
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1. Socia mediausewould be negatively associated with social
loneliness; in turn, lonelinesswould be positively associated
with depressive symptoms and suicidal ideation.

2. Socia mediausewould be positively associated with PTSD
symptoms; in turn, PTSD symptoms would be positively
associ ated with depressive symptoms and suicidal ideation.

In addition, we also tested whether these mediation effects
would be constant among younger and older people.

Methods

Recruitment of Participants

We administered a popul ation-based, random tel ephone survey
between May 14 and June 4, 2020, when infection control
mesasures (eg, socia distancing, businessrestrictions, and border
control) were being vigorously implemented in Hong Kong.
Participant inclusion criteriaincluded the following: (1) Chinese
speaking, (2) 18 yearsold or above, and (3) Hong Kong resident
(ie, holder of aHong Kong identification card). The telephone
interviews were conducted between 6 PM and 10 PM in order
to avoid undersampling working individuals. The interviewers
were well trained and had at least 6 months of interviewing
experience. They were supervised on site by a senior project
coordinator. Telephone numbers were randomly drawn from
the latest residential telephone directory by a random phone
number generator program. Telephone numbers were selected
randomly from an updated landline tel ephone directory as seed
numbers. Another three sets of humbers were then generated
using the randomization of thelast two digitsto recruit unlisted
numbers. Eligible household members whose day and month
of birth was closest to the survey date were invited to join the
study. Two follow-up calls were conducted for unanswered
calls before atelephone number was considered invalid. Verbal
informed consent was obtained from the participants. The
anonymous interview took 10 to 15 minutes. No incentive was
given to the participants. Of the 1882 eligible participants
identified and invited, 1070 completed the interviews, resulting
in amodest response rate (56.9%).

Ethical Approval

The study was approved by the Survey and Behavioura
Research Ethics Committee of the corresponding author’s
affiliated university, the Chinese University of Hong Kong
(reference No. SBRE-19-645). The study followed the ethical
standards of the responsible committee on human
experimentation, institutional and national, and of the Helsinki
Declaration of 1975, as revised in 2000.

M easures

Status of Social Media Use

The participants were asked whether they had used an SNSin
the past 12 months, such as Facebook, Twitter, WhatsApp, or
WeChat, which are platforms for communicating with one
another [28]. Thosewho said “yes’ to the question were further
asked how many hours per day they had spent, on average, on
these SN Ss during the COVID-19 pandemic. Similar questions
were used in previous studies on social media use [8,29,30].

https://publichealth.jmir.org/2021/5/€24623
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PTSD Symptoms

The 8-item Posttraumatic Stress Disorder scale (PTSD-8) [31]
was used to assess posttraumati ¢ stress responses and symptoms
in the past month. The items correspond to the DSM-1V
(Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition) criteria for PTSD. They are answered on a 4-point
Likert scale, ranging from 1 (not at al) to 4 (al thetime). Higher
summed scoresindicate greater symptomsof PTSD. Theinterna
consistency as measured by Cronbach a was .76 and was
acceptable in the current sample.

Social Loneliness

The 3-item social loneliness subscale of the De Jong Gierveld
Loneliness Scale[32] was used to assess social loneliness during
the COVID-19 pandemic. Response options include no, more
or less, and yes. Summed scoresrange from 3to 9. Higher scores
suggest higher levels of loneliness. The Cronbach a for this
scale was .94.

Depressive Symptoms

The 10-item Center for Epidemiologic Studies Depression Scale
(CESD-10) assessed depressive symptoms during the past week
[33]. This is a short version of the CESD-20 and has good
reliability and validity [33]. A cutoff point of 10 or higher
denotes probabl e depression; thiswas predictive of adepression
diagnosis [34,35]. Items are rated on a 4-point Likert scale,
ranging from O (lessthan 1 day) to 3 (5to 7 days). The Chinese
version of the scale was validated in the Hong Kong popul ation
[36]. The Cronbach a was .78 in the current sample.

Suicidal Ideation

Item 9 of the 9-item Patient Health Questionnaire (PHQ-9) [37]
(ie, “How often have you been bothered by the following
problem: Thoughts that you would be better off dead, or
thoughts of hurting yourself in someway?’) was used to assess
the frequency of suicidal ideation in the past 2 weeks.
Participants rated the question on a4-point Likert scale, ranging
from O (not at al) to 3 (amost every day). A score of O indicates
having no suicidal ideation, whileascore of 1 or higher indicates
having suicidal ideation in the past 2 weeks. The Chineseversion
has been used in previous studies [38].

The participants were also asked to report their
sociodemographic information, including sex, age, current
marital status, educational level, income, hedth status, and
mandatory quarantine status (ie, whether one had been subjected
to compulsory quarantine at designated places—home, hotel,
or other accommodation—under government order for
COVID-19 infection control).

Statistical Analyses

Descriptive statistics were computed for both background and
psychological variables. Age-standardized weighted prevalence
of probable depression was cal cul ated by the direct method and
the age distribution for the 2020 census population. Simple
logistic regression analyses were conducted to test the
associations between background, independent, and mediation
variables and probable depression and suicidal ideation. Odds
ratios and 95% Clswere reported. Structural equation modeling
(SEM) was conducted to test the proposed mediation models
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of depressive symptoms and suicidal ideation. For the variables
of PTSD symptoms and depressive symptoms, indicators were
created by the item parceling method. Since the two scales are
unidimensional, the random method of combining items was
used to create item parcels. For the latent factors of social
loneliness, all three individual items of the scale were used as
indicators. The observed variable of suicidal ideation was
created by using item 9 of the PHQ-9. Goodness of fit wastested
by using the chi-square test, the comparative fit index (CFl),
the nonnormed fit index (NNFI), and the root mean square error
of approximation (RMSEA). Standardized regression
coefficients (3) and 95% Clswere reported. Bootstrapping based
on 5000 bootstrap samples was performed to test for indirect
effects. A dtatistically significant indirect effect would be
observed when the CI did not include zero. Multigroup SEM
analyseswere conducted to test the moderation effect of ageon
the mediation models. The age of retirement of most peoplein
Hong Kong rangesfrom 55to 65 years[39]. Hence, participants
aged 18 to 55 years were classified as younger adults and those
older than 55 years were classified as older adults. The level of
statistical significance was .05. SPSS, version 21.0, and Amos
(IBM Corp) were used to conduct statistical analysis.

https://publichealth.jmir.org/2021/5/€24623
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Results

The background characteristics of the participants are presented
in Table 1. The sample of 1070 participants included 367
(34.3%) young adults and 684 (63.9%) older adults; 60.4%
(646/1070) of the participants reported that they used social
mediain the past year and were classified associal mediausers.
The weighted prevalence of probable depression was 11.6%.
Younger adults (14.8%) had higher weighted prevalence of
probable depression than older adults (8.4%). A total of 1.6%
(17/1070) of the participants had suicidal ideation in the past 2
weeks (younger adults: 10/367, 2.7%; older adults: 7/684, 1.0%).

Associations between the background or mediator variables and
probable depression and suicidal ideation are presented in Table
2. The significant background variables of probable depression
included age, current marital status, educational level, monthly
household income, and mental health status before and during
the COVID-19 pandemic. Social media use status, time spent
on social media, PTSD symptoms, and social loneliness were
significantly and positively associated with depressive
symptoms. Income, being diagnosed with mental health
problemsbefore or during the COV1D-19 pandemic, mandatory
guarantine status, and PTSD symptoms were positively
associated with suicidal ideation.
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Table 1. Background characteristics of the participants recruited from the adult population in Hong Kong during the COVID-19 pandemic.

Background characteristic All participants Younger adults Older adults P value?
(N=1070) (aged 18-55 years;  (older than 55
n=367) years; n=684)

Sex, n (%) .01
Male 346 (32.3) 137(37.3) 204 (29.8)
Female 724 (67.7) 230 (62.7) 480 (70.2)

Agegroup (years), n (%) N/AP
18-35 115 (10.7) N/A N/A
36-55 252 (23.6) N/A N/A
56-65 301 (28.1) N/A N/A
>65 383(35.9) N/A N/A
Refused to answer 19 (1.8) N/A N/A

Current marital status, n (%) <.001
Single 201 (18.8) 148 (40.3) 50 (7.3)
Cohabiting or married 745 (69.6) 209 (56.9) 528 (77.2)
Separated, divorced, or widowed 107 (10.0) 5(1.4) 101 (14.8)
Refused to answer or missing value 17 (1.6) 5(1.4) 5(0.7)

Educational level, n (%) <.001
Primary school or below 355 (33.2) 7(1.9) 345 (50.4)
Secondary school 384 (35.9) 139 (37.9) 239 (34.9)
College or above 294 (27.5) 211 (57.5) 81(11.8)
Refused to answer 37(35) 10 (2.7) 19 (2.8)

Monthly household income (HK $°), n (%) <.001
<20,000 627 (58.6) 92 (25.1) 526 (76.9)
20,001-30,000 124 (11.6) 77 (21.0) 47 (6.9)
30,001-50,000 103 (9.6) 64 (17.4) 39(5.7)
>50,000 84 (7.9) 62 (16.9) 22(32)
Refused to answer or missing value 132 (12.3) 72 (19.6) 50 (7.3)

Have chronic diseases”, n (%) <.001
No 716 (66.9) 334(91.0) 369 (53.9)
Yes 354 (33.1) 33(9.0) 315 (46.1)

Diagnosed with mental health problems® before the pandemic, n (%) 25
No 1045 (97.7) 361 (98.4) 665 (97.2)
Yes 25(2.3) 6 (1.6) 19 (2.8)

Diagnosed with mental health problems® during the pandemic, n (%) 64
No 1050 (98.1) 361 (98.4) 670 (98.0)
Yes 20 (1.9) 6 (1.6) 14 (2.0)

Subjected to mandatory quarantine, n (%) .02
No 1055 (98.6) 358 (97.5) 679 (99.3)
Yes 15 (1.4) 9(2.5) 5(0.7)

Social media user in the past year, n (%) <.001
No 412 (38.5) 25 (6.8) 379 (55.4)
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Background characteristic All participants Younger adults Older adults P value?
(N=1070) (aged 18-55 years;  (older than 55
n=367) years; n=684)
Yes 658 (61.5) 342 (93.2) 305 (44.6)
Hours spent per day on social media during the pandemic (n=658) , n (%) <.001
0.0-2.0 232(35.3) 89 (26.0) 137 (44.9)
2.5-4.0 261 (39.7) 133(38.9) 126 (41.3)
45-6.0 110 (16.7) 77 (22.5) 30 (9.8)
>6.0 55 (8.4) 43(12.6) 12 (3.9)
Posttraumatic stress disorder symptoms, mean (SD) 42(3.8) 4.7(36) 4.0(39 .008
Social loneliness, mean (SD)? 4.4(1.7) 4.4(18) 43(17) .76

@Based on chi-square tests or independent-samples t tests where appropriate.

BN/A: not applicable; the number of participantsin each age group was reported for the total sample only (hence, the P value was not cal cul ated).

A currency exchange rate of HK $1=US $0.1287 is applicable.
dchronic diseases included hypertension, diabetes, cancer, etc.
®Mental health problems included depression, anxiety, insomnia, etc.

The 8-item Posttraumatic Stress Disorder scale (PTSD-8) was used to assess posttraumatic stress responses and symptomsin the past month. Summed

scores range from O to 23; higher summed scores indicate greater symptoms of PTSD.

9The 3-item socia loneliness subscale of the De Jong Gierveld Loneliness Scale was used to assess social loneliness. Summed scores range from 3 to

9; higher scores suggest higher levels of loneliness.
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Table 2. Associations between the background or mediator variables and depressive symptoms and suicidal ideation among the adult population in
Hong Kong during the COVID-19 pandemic (N=1070).

Variable Probable depression P value Suicidal ideation P value
OR? (95% Cl) OR (95% Cl)

Sex

Mae 10 1

Female 1.09 (0.71-1.67) 69 0.68 (0.26-1.80) 44
Age (years)

18-35 1 1

36-55 0.90 (0.49-1.66) 73 0.68 (0.19-2.45) 55

56-65 0.55 (0.29-1.04) .07 0.37 (0.09-1.52) 17

>65 0.39 (0.21-0.75) .004 0.22 (0.05-0.99) .049
Current marital status (n=1053)

Single 1 1

Cohabiting or married 0.61 (0.39-0.96) .03 0.53 (0.18-1.58) 26

Separated, divorced, or widowed 0.46 (0.20-1.04) .06 0.75 (0.14-3.91) .73
Educational level (n=1033)

Primary school or below 1 1

Secondary school 1.41 (0.83-2.39) 21 2.18 (0.56-8.49) 26

College or above 2.45 (1.46-4.09) .001 2.86 (0.73-11.17) 13
Monthly household income (HK $C; n=938)

<20,000 1 1

20,001-30,000 2.41 (1.38-4.18) .002 1.45 (0.30-7.07) .64

30,001-50,000 1.56 (0.80-3.04) 20 2.66 (0.68-10.45) .16

>50,000 2.78 (1.50-5.15) .001 4.43(1.27-15.46) .02
Have chronic diseases”

No 1 1

Yes 0.84 (0.55-1.29) 43 0.84 (0.29-2.41) 75
Diagnosed with mental health problems® before the pandemic

No 1 1

Yes 12.44 (5.50-28.15) <.001 15.12 (4.55-50.26) <.001
Diagnosed with mental health problems® during the pandemic

No 1 1

Yes 40.21 (13.18-122.72) <.001 28.83(9.03-92.08) <.001
Subjected to mandatory quarantine

No 1 1

Yes 2.19(0.61-7.89) 23 10.67 (2.21-51.45) .003
Social media usein the past year

No 1 1

Yes 1.98 (1.27-3.10) .003 2.96 (0.85-10.38) .09
Hours spent per day on social media during the pandemic (n=658)

0.0-2.0 1 1

25-4.0 1.29 (0.72-2.29) .39 0.29 (0.08-1.08) .06
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Variable Probable depression P vaue Suicidal ideation P value
OR?(95% Cl) OR (95% Cl)
45-6.0 2.12(1.10-4.08) .02 0.23(0.03-1.82) .16
>6.0 2.12(0.94-4.79) .07 0.46 (0.06-3.70) 46
Posttraumatic stress disorder symptoms 1.38(1.31-1.46) <.001 1.21(1.11-1.31) <.001
Social loneliness 1.17 (1.05-1.30) .004 1.20(0.93-1.54) .16

30R: odds ratio; based on logistic regression analyses.

By/ariable items with avalue of 1 are the reference items.

€A currency exchange rate of HK $1=US $0.1287 is applicable.
dchronic diseases included hypertension, diabetes, cancer, etc.
®Mental health problems included depression, anxiety, insomnia, etc.

Both the measurement model (x3,=294.3; P<.05; CFI=0.95;
NNFI=0.92; RMSEA=0.08) and the structural model of
depressive  symptoms (x231:294.6; P<.05; CFI=0.95;
NNFI=0.92; RMSEA=0.08) showed acceptable model fit.
Multigroup SEM analyses further revealed that the mediation
model fitted the data well across younger and older adults
(X%,=335.3; P<.05; CFI=0.94; NNFI=0.92; RMSEA=0.06).
As Figures 1 and 2 show, there was a significantly negative

direct effect of socia mediause on depressive symptoms among
ol der people (B=—07; P=.04) (Figure 2) but not among younger
people (B=.03; P=.55) (Figure 1). Theindirect effect viaPTSD
symptomswas significantly positive among both younger people
(B=.09, 95% CI .02-.14; P=.02) (Figure 1) and older people
(B=.10, 95% CI .05-.16; P=.01) (Figure 2). The indirect effect
via social loneliness was significant among older people
(B=—01, 95% CI —02 to—.001; P=.04) (Figure 2) but not among
younger people (3=.01, 95% Cl —01 to .03; P=.31) (Figure 1).

Figure 1. The proposed mediation model of depressive symptoms with standardized regression coefficients (3) anong younger adults in Hong Kong

during the COV1D-19 pandemic (n=367).

Posttraumatic
stress
p=.15 (P=.03) p=.62 (P<.01)
Social media - A/ Depressive
use status p =03 (P=.55) «\_ Symptoms
p =04 (P=52) B=21(P<01)
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Figure 2. The proposed mediation model of depressive symptoms with standardized regression coefficients () among older adults in Hong Kong

during the COVI1D-19 pandemic (n=684).

Posttraumatic
stress
B=12 (P=01) B =84 (P<.001)
Social media . ) 4/ Depressive
use status p=-07 (P=04) < Symptoms
B=—10 (P=02) =07 (P=04)

Both the measurement model (x?,s=34.4; P<.05; CFI=0.99;
NNFI=0.99; RM SEA=0.03) and the structural mode! of suicidal
ideation  (x?,=34.7; P<.05; CFI=0.99; NNFI=0.99;
RMSEA=0.03) showed excellent model fit. Multigroup SEM
analyses showed that the mediation model fitted the data well
across age groups ()(234:50.8; P<.05; CFI=0.99; NNFI=0.99;
RMSEA=0.02). As Figures 3 and 4 show, the direct effect of

Social
loneliness

social media use on suicidal ideation was not statistically
significant in either age group (P>.05). The indirect effectsvia
PTSD symptoms were statistically significant among younger
people (3=.02, 95% CI .001-.06; P=.04) (Figure 3) and older
people (B=.03, 95% CI .01-.06; P=.01) (Figure 4). Socid
loneliness was not a significant mediator between social media
use and suicidal ideation among younger and older adults.

Figure 3. The proposed mediation model of suicidal ideation with standardized regression coefficients (8) anong younger adultsin Hong Kong during

the COVID-19 pandemic (n=367).
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Figure 4. The proposed mediation model of suicidal ideation with standardized regression coefficients (8) among older adults in Hong Kong during

the COVID-19 pandemic (n=684).

Posttraumatic
stress
p=.12 (P=01) p= .22 (P<01)
Social media _ - Suicidal
use status B=.01 (P=85) - ideation
p=-.10 (P=.02) p=.04 (P=25)
Social
loneliness
Discussion vulnerable to mental distress during the COVID-19 pandemic.

Principal Findings

This population-based study investigated the prevalence of
probabl e depression and suicidal ideation in Hong Kong adults
during the COVID-19 pandemic. Furthermore, the study tested
a complex relationship between social media use and mental
health (ie, depressive symptoms and suicidal ideation). Findings
suggest that this relationship could be explained by the
mediation effects of PTSD symptoms and social loneliness and
moderated by age. Specifically, social mediausewasindirectly
and positively associated with depressive symptomsand suicidal
ideation through PTSD symptoms in both younger and older
adults. In addition, social mediause was directly and indirectly
associated with depressive symptoms through social |oneliness
in older adults.

The weighted prevalence of probable depression was higher
than that reported in pre-COV | D-19 research conducted in 2007
(11.6% versus 8.6%) [40]. It may suggest an increasein mental
distressamong the Hong Kong popul ation during the COVID-19
pandemic. Some subgroups may need particular attention, as
they showed higher risks of depression or suicidal ideation,
including those who were younger or single, had higher
educational levels, had higher household incomes, had been
diagnosed with mental health problems before or during the
COVID-19 pandemic, had been under mandatory quarantine,
used social media, or spent more hours on social mediaduring
the COVID-19 pandemic. Higher scores of depression among
the younger sample seem to confirm findings from both
COVID-19 and pre-COVID-19 studies [41,42]: the younger
participantstended to obtain alarge amount of information from
social mediathat could easily trigger stress. Interestingly, the
results appear to suggest that people with higher social capital,
such as having higher educationa levels, having higher
household incomes, or using social media, may be more

https://publichealth.jmir.org/2021/5/€24623

Recent studies reported similar findings and suggested that it
may be because these groupstend to have higher self-awareness
of, and concern about, their health [41,43]. Time spent on social
media was positively associated with depressive symptoms
during the COVID-19 pandemic, consistent with recently
published studies[5-7]. It may be dueto the fact that during the
COVID-19 pandemic, spending excessivetime on social media
implies more social media exposure to COVID-19 news and
greater likelihood of experiencing theinfodemic and emotional
contagion through online social networks [44]. These findings
are susceptible to reverse causality, whereby mental distress
might lead to rumination on social media

Furthermore, this study brings novel information to the field
about the underlying mechanisms of the relationships between
social media use and depression and suicidal ideation. The
proposed mediation model s based on the COR theory were well
supported by the acceptable model fit. This is the first study
that applied this theory to understand the roles of social media
use in the context of the COVID-19 pandemic. From the COR
perspectives, people strive to develop, maintain, or restore
important resources, such as socia relationships, well-being,
and alow state of stress, and a loss of these resources can, in
turn, lead to mental health problems [20,45]. Our SEM results
suggest that during the COVID-19 crisis, social mediause might
intensify PTSD symptoms, which were, in turn, associated with
more depressive symptoms and suicidal ideation; these
mediation effects are broadly applicable to both younger and
older adults. Our findings support the assertion that the
heightened PTSD symptoms due to mediaexposureto collective
crises may have profound repercussions for mental health [46].
Consistently, recent studies also suggested that social media
use, especidly long times spent on social media for
COVID-19—elated information, was positively associated with
arange of negative psychologica statuses, including negative
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affect, mental distress, anxiety, and depression [5-7]. Previous
studiesin the contexts of other infectious diseases and traumatic
events (eg, the Ebola virus disease outbreak) also argued that a
state of stress could betriggered and intensified by social media
exposure [16,17,47]. Reverse causality may also be applicable,
as people experiencing more stress and mental health problems
may tend to use social media to escape from the real world,
which is stressful during the COVID-19 pandemic. Follow-up
studies are warranted to better understand their dynamic
relationships at different stages of the COV1D-19 pandemic and
to monitor whether social media exposure during the crisis
would lead to PTSD in the long run. Other personal resources,
such asinformation deficiency as well as positive and negative
affect, may also serve as mediators between social media use
and mental health. In addition, other mental and emotional
statuses, such as anxiety, can be induced by the false, fearful,
and anxiety-increasing messages—due to politicization,
rumination, sensationalizing, or catastrophizing—spread by
social media, and can explain the development of depression
and suicidal ideation [48]. Pervasive uncertainty and
hopelessness increased by repeated exposures to online
information related to the health crisis may aso be a robust
predictor of suicidal ideation and suicide, especialy for
vulnerable groups (eg, people who need ongoing mental health
care) [49]. These potential mediators should be explored in
future work.

On the other hand, social media use might indirectly reduce
depression becauseit can provide opportunitiesto maintain and
enhance interpersonal resources (eg, reduced social loneliness)
by using SNSs, such as Facebook, WeChat, and WhatsApp,
during the COVID-19 pandemic isolation. Thisresult provides
preliminary empirical evidence for the assertion of recently
published commentaries[50]. However, such mediation effects
might vary across age groups. We found that social media use
might only benefit older adults’ mental health by ameliorating
their social loneliness, asthe negative direct and indirect effects
of social media use on depressive symptoms through social
loneliness were statistically significant among older adults but
not among younger adults. Consistently, a study by Cotten et
al, which was conducted among retired residents, estimated that
internet use reduced depression (CESD-8 score >4) by about
30% among this older group [51]; in addition, van Ingen et al
found that social media use was predictive of social loneliness
among older adults[52]. The age differences may be dueto the
fact that for younger people, social media is the “real” and
default mode of socia networks, whichislesslikely to change
because of the COVID-19 pandemic. However, older adults
might have taken up social media because of the COVID-19
pandemic—or the 2019-2020 social movement in Hong
Kong—and that would have a more dynamic implication for
older adults than for younger adults. The life span theory of
sel ective optimization with compensation [53] can also be used
to explain such age differences. This theory suggests that older
people may experience various age-related losses, including
those in social reserves [54]. Thus, social media use may be a
particularly useful strategy that older adults can use to
compensate for reduced mobility and social connection and that
can contribute to their own successful aging and well-being
[55]. Social mediause may help to gain other interpersonal and
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social resources, such as socia support, timely health
communication, and access to and utilization of
technology-based health care services, which may explain the
relationship between social media use and mental health.

Unexpectedly, social loneliness was not a significant mediator
between social media use and suicidal ideation because it was
not significantly associated with suicidal ideation. Inconsistently,
previous studies found that loneliness and social connection
were significant interpersonal factors of suicidal ideation
[23,24]. The insignificant association in our study may be
because the lack of socia networks during the COVID-19
pandemic isolation has been seen as normal, which may
temporally mitigate its harmful effect on hopelessness and
suicidal ideation. However, given that social connection is a
basic human psychological need [56], the long-term effects of
social loneliness on suicidal ideation should be investigated.

Implications

The positive mediation effect of PTSD symptoms among
younger and older people and the negative mediation effect of
social loneliness among older people suggest that social media
use may have both beneficial and harmful effects on mental
health during the COVID-19 pandemic, and that age plays a
significant role. Notably, the mediation effect of PTSD
symptoms was larger than that of social loneliness. This is
consistent with the principle of the COR theory, in that resource
loss is disproportionately more salient than resource gain [20].
The effect sizes of both mediation effectswererelatively small.
Hence, the results should be interpreted with caution.
Neverthel ess, these findings highlight the importance of further
exploration of underlying mechanisms in understanding the
complex relationship between social media use and mental
health during different times acrossthelife span and in different
social contexts.

Such results have important practical and political implications.
First, the high prevalence of mental health problems during the
COVID-19 pandemicisasignificant public health concern, and
high-risk groups (eg, younger people) need particular attention
from health care service providers. From a public health
perspective, there are effective mental health interventions (eg,
cognhitive  behavioral therapy and mindfulness-based
interventions) available, which can be dédlivered viatheinternet
during the COVID-19 pandemic isolation. Second, since the
COVID-19 pandemic might persist and adigital lifestyle could
become inevitable, it is important to understand the
psychological mechanisms that may explain how digital
technol ogy users and nonusers may be different in psychosocial
status and mental health. Our studied psychosocial mediators
can be modified by interventions and can be used to guide
prevention programs for mental health problems. For example,
health education programs and public health strategies are
recommended to enhance awareness of digital literacy, strategic
social mediause, and potential harms of social mediauseinthe
general publictoreducetheir trauma-rel ated stress. A large-scale
online relaxation training program is also feasible to help the
general public managetheir trauma-rel ated stress[57,58]. Efforts
at the environmental, political, and structural levels, such as
timely and accurate information of the pandemic from official
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sources (eg, local health agencies and the WHO), may also help
to reduce individuals stress and panic responses to the
COVID-19 pandemic. It is imperative that trusted sources are
availableto provide risk assessments and recommendations for
the general public [59]. Last but not least, promoting healthy
use of socia media among older people may be particularly
beneficial for their social and mental well-being. This population
has been vulnerable during the COV1D-19 pandemic isol ation.
Community services should be provided to teach older adults
how to use new technology. Policy makers should also pay
attention to the potential digital inequality and inequity between
generations and should improve accessibility of social media
for the older generations.

Limitations and Future Research

This study has several limitations. First, it was cross-sectional
in nature. It is plausible that people with the greatest concerns
and depressive symptoms may be morelikely to seek out media
coverage of the event. Longitudinal studies to monitor the
trajectories of socia mediause and psychological responsesare
warranted. Second, we recruited the participants via landline
telephone numbers, and this sampling method might exclude
those without landline tel ephones or those who were not at home
during the survey period (eg, younger adultswho are morelikely
to use mobile phones and less likely to have landline
telephones). Thus, this sampling method might also have
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influenced the representativeness of the sample. Third, this
study only focused on the use of SNSsthat people use to build
social networks or social relationships with other people. We
did not investigate the content and functions of the SNSsin this
study, or those of other types of SNSs, that may cause different
psychological responsesto the COVID-19 pandemic[5]. Future
studies should investigate these domains of social media useto
better understand its impacts on mental health during the
COVID-19 pandemic. Fourth, this study used self-reported
measures. Thus, the results might be subject to social desirability
or recall bias. Fifth, we did not look at other mental health
variables, such as anxiety, which may play a role in the
mechanisms analyzed in this study. Last but not least, we used
item 9 of the PHQ-9 to measure suicidal ideation. Future studies
need to validate the results using well-validated scal es of suicidal
ideation, such as the Suicidal Ideation Questionnaire.

Conclusions

Thefindings suggest that social mediamay be a“ double-edged
sword” for psychosocial well-being during the COVID-19
pandemic and its roles vary across age groups. The mediators
identified in this study should be further validated through
qualitative inquiry and longitudinal cohort studies and can be
addressed by psychological interventions to prevent severe
mental health problems.
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Abstract

Background: Two psychosocia constructs that have shown consistent associations with negative health outcomes are
discrimination and perceived unfairness.

Objective: The current analyses report the effects of discrimination and unfairness on medical, psychological, and behavioral
outcomes from a recent cross-sectional survey conducted in a multiethnic sample of adultsin Michigan.

Methods: A cross-section survey was collected using multiple approaches. community settings, telephone-listed sample, and
online panel. Unfairness was assessed with a single-item previously used in the Whitehall study, and everyday discrimination
was assessed with the Williams 9-item scale. Outcomes included mental health symptoms, past-month cigarette use, past-month
alcohol use, past-month marijuana use, lifetime pain medication use, and self-reported medical history.

Results. A total of 2238 usable surveys were collected. In bivariate analyses, higher unfairness values were significantly
associated with lower educational attainment, lower age, lower household income, and being unmarried. The highest unfairness
valueswere observed for African American and multiracia respondentsfollowed by Middle Eastern or North African participants.
Unfairness was significantly related to worse mental health functioning, net adjustment for sociodemographic variables, and
everyday discrimination. Unfairness was also related to self-reported history of depression and high blood pressure athough,
after including everyday discrimination in the model, only the association with depression remained significant. Unfairness was
significantly related to 30-day marijuana use, 30-day cigarette use, and lifetime opiate use.

Conclusions:  Our findings of a generaly harmful effect of perceived unfairness on health are consistent with prior studies.
Perceived unfairness may be one of the psychological pathways through which discrimination negatively impacts health. Future
studies examining the relationshi ps we observed using longitudinal data and including more objective measures of behavior and
health status are needed to confirm and extend our findings.

(JMIR Public Health Surveill 2021;7(5):€26622) doi:10.2196/26622
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Introduction

There has been considerable interest on the part of researchers
and policy makers in understanding the social, economic,
psychological, and behavioral factorsthat account for the many
health disparities that are evident in the United States and the
world [1-5]. Although socioeconomic factors are the most
commonly examined drivers of disparities, socia and
interpersonal factors have also received considerable attention
[3,6-9]. Two psychosocia constructsthat have shown consistent
associations with health outcomes are discrimination and
perceived unfairness. Theformer has been extensively examined
in both the United States [3,9-13] and globally [8,9,14], while
studies of unfairness and health have been limited to a handful
of studiesin the United Kingdom and the Netherlands[15-17].
No studies have reported the joint effects of these 2 constructs.

In perhaps the first published study on unfairness, DeVogli et
al [16] used the prospective data of 8298 individuals from The
Whitehall 11 study, who were civil servantsoriginally ages 35-55
at the study onset in 1985 through 1998. Baseline unfairness
data were collected between 1991 and 1993 (during phase 3 of
the study), and respondents were tracked for health outcomes
on average 11 yearsthrough 2003 to 2004 (phase 7 of the study).
Theauthorsfound that their single-item unfairness measure was
associated with higher odds of clinically verified heart disease
aswell asworse physical and mental functioning, with the latter
being assessed with the 36-1tem Short Form Survey (SF-36)
guestionnaire [18,19] adjusted for sociodemographic and other
risk factors. Unfairness was also positively related with being
female, obese, and less physically active. Higher unfairnesswas
associated with higher cigarette use but also higher rates of
alcohol abstinence.

In a second study [15], again based on the Whitehall study,
phase 3 data on unfairness were used to predict cardiovascular
risk factors, over the subsequent 6 years through phase 5. The
authors found that baseline unfairness was significantly
associated with higher rates of low serum high-density
lipoprotein, high serum triglycerides, hypertension, high fasting
blood glucose, and elevated waist circumference.

A third study, conducted in the Netherlands, used a 9-item
perception of unfairness scale, administered in 2008 [17]. Of
those completing this unfairness questionnaire, 1282 adults also
completed the SF-36 [18,19] in 2003, 2008, and 2010, which
was used to classify respondents as experiencing either physical
or mental health decline between 2003 and 2010 and between
2008 and 2010, with unfairness scores from 2008 being used
as the predictor. In general, higher scores on unfairness were
associated with significantly higher odds of both physical and
mental health decline. Higher scores on the unfairness measure
were also associated with lower socioeconomic position (eg, a
composite of income and education).

The health effects of discrimination have been reported in
hundreds of studies. One measure of discrimination that has
been particularly popular isthe Everyday Discrimination Scale
developed by Williams and others [3,10,11]. The Everyday
Discrimination Scale focuses on what are sometimes referred
to as microaggressions, smaller acts of discrimination, racism,
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or prejudice; for example, the scale includes items such as
“people act as if you are inferior,” “you are treated with less
respect than others,” and “people act as if you are dishonest.”
Everyday discrimination is distinguished from more major
experiences of discrimination, such asbeing unfairly fired from
ajob, maltreated by the police, or denied a bank loan.

The everyday discrimination scale has been associated with a
wide range of adverse mental and physical health outcomes
including depression, anxiety, distress[8,9,12-14], and overall
well-being [9,13], breast cancer among women under the age
of 50 years [20], and high blood pressure, athough the
relationship with the latter is often conditional on other variables
[9]. Some studies have used unfair treatment as the measure of
discrimination [21], although the 2 constructs likely represent
different psychological and social phenomena [22]. One
distinction between the 2 constructs is that everyday
discrimination measures the occurrence of events, whereas
unfairness can be thought of as more related to the perception
of such events. Additionally, while discrimination measures
multiple potential events, unfairness in the Whitehall studies
and in the current investigation was measured with a single
global item.

No study has reported the relationship of both discrimination
and unfairness with either mental or physical health outcomes.
The current analyses from a recent cross-sectional survey
conducted in a multiethnic sample of adults in the state of
Michigan provideinsight into the effects of discrimination and
unfairness on medical, psychological, and behavioral outcomes.

Methods

M easures

I ndependent Variables

Unfairness

Unfairness was assessed with a single-item from the Whitehall
study [15,16], which was worded as follows: *‘| often have the
feeling that | am being treated unfairly.” Participantsrated their
response on a6-point scale (1, strongly disagree; 2, moderately
disagree; 3, dightly disagree; 4, dlightly agree; 5, moderately
agree; and 6, strongly agree). We analyzed unfairness both as
acontinuous variable and as acategorical variable recoded into
3 levelslow (responses 1 and 2), medium (responses 3 and 4),
and high (responses 5 and 6) to facilitate data presentation.
Discrimination

We used the 9-item Everyday Discrimination scale developed
by Williams [3,11]. Respondents indicated how often they
experience 9 types of discrimination with responses ranging
from “Never” to “Almost Everyday.” We computed a mean
across the 9 items, which resulted in a score range of 1-6.
Respondents were required to answer at least 5 of the 9 items
to beincluded in the analyses.

Dependent Variables

Mental health symptoms were assessed with the Patient Health
Questionnaire-4 (PHQ-4) [23] which asks how often over the
past 2 weeks participants have experienced the following
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problems: little interest or pleasure in doing things; feeling
down, depressed, or hopeless; feeling nervous, anxious, or on
edge; and not being able to stop or control worrying. All items
were answered with a1-4 scale, with 4 being “not at al” and 1
being “nearly every day” . Higher scores are indicative of better
mental health status. The Cronbach a for the 4 items in our
sample was .91.

Health behaviors assessed included current cigarette use, defined
asconsuming at least 100 cigarettesall time and having smoked
on at least some daysin the past month [24]; past month a cohol,
defined as having consumed at least one drink of any alcoholic
beverage at least once in the past 30 days [24]; past month
marijuana, defined as any use in the past 30 days; lifetime pain
medication, which was queried with an item from the 2017
Youth Risk Behavior Survey [25]: “During your life, how many
times have you taken prescription pain medicine without a
doctor’s prescription or differently than how a doctor told you
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to use it? (Count drugs such as codeine, Vicodin, OxyContin,
Hydrocodone, and Percocet.)” Use was considered more than
2timesin one'slifetime.

Self-reported medical history was assessed by asking if the
respondent had ever been diagnosed with cancer; diabetes or
high blood sugar; high blood pressure or hypertension;
depression; or a heart condition, such as heart attack, angina,
or congestive heart failure. Each variable was answered with 0
(no) or 1 (yes).

Demographic variables assessed included age (collapsed into
4 groups. 18-35, 30-45, 45-65, and >65 years), household
income (collapsed into 4 groups: under US $10,000, US $10,000
to US$49,999, US $50,000 to US $99,999, and >US $100,000),
education (collapsed into 4 groups: high school or lower, some
college, college graduate, graduate school or higher), gender,
country of birth (United States vs not United States), and marital
status (no or yes). These are presented in Table 1.
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Variable Respondents, n (%)
Gender
Male 726 (32.50)
Female 1508 (67.50)
Education
High school or lower 558 (25.04)
Some college 690 (30.97)
College graduate 659 (29.58)
Graduate school 321(14.41)
Age (years)
18-35 566 (25.76)
30-45 493 (22.44)
45-65 881 (40.10)
> 65 257 (11.70)
Income (US$)
Under $10,000 227 (10.79)
$10,000 to $49,999 887 (42.18)
$50,000 to $99,999 611 (29.05)
$>100,000 378 (17.97)
Born in the United States
Yes 1902 (85.29)
No 328 (14.71)
Race
White 1183 (53.00)
African American 525 (23.52)
Middle Eastern 403 (18.06)
Multiracia 105 (4.70)
Other 16 (0.72)
Marital status
Married/living as married 1134 (50.90)
Not married 1094 (49.10)
Modality
Online 1415 (63.23)
Telephone 496 (22.16)
Paper 327 (14.61)
Procedures Community Administration for Middle Eastern and

Surveys were collected in 2019 using multiple methodologies
including community settings, telephone, and online panel. The
community sample was a convenience sample, whereas the
telephone and online sample was built to match the demographic
representation of the University of Michigan Rogel Cancer
Center catchment area.

https://publichealth.jmir.org/2021/5/€26622

North African Participants

The Middle Eastern and North African (MENA) sample was
collected at community settings across 3 Michigan countiesthat
included 2 supermarkets frequented by the MENA community,
1 health clinic serving a predominantly Arab American
population, 1 health clinic serving a predominantly Chaldean
population, a state university with a high number of Arab
American students, 4 mosgqueswith ahigh proportion of Yemeni
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and Lebanese worshippers, 2 Chaldean churches, and a
recreation center frequented by L ebanese youth.

Participants were given the option of completing surveys using
pen and paper or online forms (tablet provided), with or without
assistance, in English or Arabic. For those opting to complete
surveys at home, we provided a self-addressed stamped
envel opes or aweb addressto compl ete the online version. Both
paper and electronic surveys required active consent and
testament that the respondent was over 18 and self-identified
asArab or Chaldean. Data collectors, many of whom were fluent
in both English and Arabic, were trained in interviewing by
study staff. Participants received a US $25 gift card after
completing their survey. A total of 406 participantswere accrued
through this method, 87 of whom completed their survey in
Arabic.

Community Administration for White and African
American Participants

Wedistributed surveysat 5 community-based educational events
sponsored by the University of Michigan Rogel Cancer Center.
Participants were able to compl ete surveys using printed forms
or online with provided tablets, and they received aUS $25 gift
card after completing their survey. A total of 214 participants
were accrued through this method.

Telephone

Thetelephone survey, conducted by Harris Interactive Inc, used
aquotasampleto reach 501 adultswho indicated that they were
aged 18 years or over, living in zip codes serviced by the
University of Michigan Rogel Cancer Center, and self-identified
as either White/Caucasian or Black/African American. The
survey, conducted in English, averaged about 23 minutes and
consisted of 44 substantive questions and 18 demographic
guestions. The survey was fielded from May 1, 20219, to July
9, 2019.

Known landline and cell phone numbers were obtained from
Dynata, formerly Survey Sampling International. Numberswere
randomly selected from within identified zip codes. We
oversampled (with atarget of at least 40% of the final sample)
African American participants by selecting tel ephone exchanges
that were estimated to have an at least 50% African American
popul ation.

A maximum of 8 contacts were attempted for each number: the
initial dialing attempt plus up to 7 subseguent dialing attempts.
A US $10 incentive was offered to the survey participants. The
overall response rate was 9%: 8% for landline numbers and 9%
from cell phone numbers. A total of 496 participants were
accrued through this method, approximately half through
landline and half through cell phone.

Online

A quota sample was recruited via an online panel through a
commercial survey research organization (Dynata), which
maintains a demographically diverse web panel of people who
opt in to taking selected surveys. Panel members who log on to
Dynata's site are routed (in a randomized fashion) to available
surveys based on their demographic characteristics and needs
of open surveys We provided specific county level quotas for
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individuals aged 18-80 years in 40 Michigan counties served
by the University of Michigan Rogel Cancer Center. We
oversampled African American participants so that they would
comprise at least 20% of the sample. Additional details about
Dynata can be found at their website [26]. A total of 1122
participants were accrued through this method. It is possible
that participants could have appeared in both the telephone and
online panels; however, given the anonymous nature of the data
collection and the fact they were conducted independently, we
cannot determine how many might have been duplicated. Based
on the number of participantsavailablein thetargeted zip codes
and the number that completed the surveys, the likelihood is
small.

Analyses

We first present mean unfairness and discrimination values by
sociodemographic variables (Table 2). For mental hedlth
symptoms, we present (labeled Modd 1) linear regression results
for the association of unfairness (trichotomized into low,
medium, and high to facilitate data presentation) with mental
health symptoms, adjusting for income, education, age, gender,
and marital status (thisisModel 1 referenced in Table 3, Table
4, and Table 5). We then present results (labeled Model 2) with
discrimination added to the regression model (thisis Model 2
referenced in Table 3, Table 4, and Table 5).

For health behaviors and medica history, we first report
multivariate logistic regression (ORs and 95% Cls), using
unfairness (trichotomized) asthe primary independent variable,
adjusting for income, education, age, gender, and marital status,
and then we report a model adding discrimination (labeled
Model 2).

Results

A total of 2238 usable surveys were collected, of which
two-thirds (n=1508) were completed by females. A little less
than half (980/2228, 43.79%) had college or higher educational
attainment, and about half were aged 45 or higher, married, and
reported ahousehold income above US $50,000 per year. Most,
(1902/2230, 85.29%), were born in the United States. About
half (1183/2232, 53.00%) were White, 23.52% (2232/2238)
were African American, 18.06% (403/2232) were MENA, and
4.70% (105/2232) were multiracial.

As shown in Table 2, the mean value for the unfairness item
was 2.62 (SD 1.61), with arange of 1-6; meanwhile, the mean
for everyday discrimination was 1.87 (SD 1.06) with a range
of 1-6. The 2 variables were moderately correlated (r=0.54;
P<.001).

In bivariate analyses, higher unfairness valueswere significantly
associated with lower educational attainment, lower age, lower
household income, and being unmarried. Birthplace was
unrelated to unfairness. For race, the highest values were
observed for African American and multiracial respondents
followed by MENA respondents. White respondents reported
the lowest values, and they were significantly lower than African
American, multiracial, and MENA respondents in pairwise
comparisons.
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Table 2. Mean scores for unfairness and everyday discrimination by demographic variables.

Variable Unfairness, mean (SD) Everyday discrimination, mean (SD)
Gender

Male 2.62 (1.66) 1.88 (1.12)

Female 2.63 (1.59) 1.87 (1.03)
Education?

High school or less 2.82 (167)°¢ 1.97 (1.18)¢

Some college 2.76 (1.59)%€ 1.94 (1.06)%€

College graduate 242 (1_53)b*d 179 (1.03)b'd

Graduate school 243 (1.63)°° 1.72 (0.90)°¢
Age?

18-35 2.94 (1.58)Pcd 2.27 (1.18)Pd

30-45 2.71 (1.61)°8" 205 (1.17)8"

45-65 2.45 (1.58)%¢ 1.66 (0.89)¢%9

>65 231 (1.63) 140 (0.70)%9
Income® (US $)

Under 10,000 2.97 (1.68)°° 212 (1.24)Pcd

10,000 to 49,999 2.85 (1.62)4° 1.95 (1.07)P&f

50,000 to 99,999 2.43 (1.51)>4 1.81 (0.97)%¢

>100,000 2.26 (1.55)%¢ 1.75 (1.08)%
Born in the United States”

Yes 2.62 (1.61) 1.92 (1.08)

No 2.68 (1.61) 1.56 (0.89)
Race

White 2.25 (1.48)Pcd 1.75 (0.97)°¢

African American 3.27 (1.67)°¢€ 2.12 (1.15)>de

Middle Eastern 2.73 (1.58)°f 1.69 (0.97)%f

Multiracial 3.20 (1.69)% 2,55 (1.36)°%"

Other 2.75(1.39) 2.17 (1.04)
Marital status®

Married/living as married 2.38 (1.56)° 1.72 (0.97)°

Not married 2.87 (1.62)° 2.03 (1.12)°
Totdl 2,62 (1.61) 1.87 (1.06)

8Group means differ P<.01.

b-9Rows with common superscript differ P<.05

hGroup means in everyday discrimination differ P<.01.

As shown in Table 3, unfairness was significantly related to
mental health symptoms, after adjustment for sociodemographic
variables (Model 1), with higher unfairness values associated

with worse (lower scores) mental health status. In addition to
an overal significant effect, all pairwise contrasts were
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significant. The association, both overall and pairwise, remained
significant after inclusion of everyday discrimination scoresin

the regression model (Model 2). The R? increased from 0.17 to
0.22 when everyday discrimination was added to the model.
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Table 3. Adjusted |east squares mean mental health symptoms by unfairness and discrimination®.

Model vaues Mental health symptoms, mean (SE)
Model 1°¢

Low unfairness 13.70 (0.23)%¢

Medium unfairness 12.45 (0.23)%f

High unfairmess 10.80 (0.30)®'
Model 29

Low unfairness 13.43 (0.22)%€

Medium unfairness 12.84 (0_24)“'f

High unfairmess 11.70 (0.30)®f

3_ower scores indicate worse mental health status.

bModel 1: adjusted for age, gender, race, income, education, and marital status; R?=0.17.

®Group means differ P<.01.
&fRows with common superscript differ P<.05.

IModel 2: adjusted for age, gender, race, income, education, marital status, and everyday discrimination; RP=0.22.

As shown in Table 4, unfairness was significantly related to
self-reported history of depression and high blood pressure,
after adjustment for sociodemographic variables (Model 1).
Higher unfairness values were significantly associated with
higher odds of depression, when both the middle and high
groups were compared to the lowest group, and for high blood
pressure, when the highest group was compared to the lowest

group. After inclusion of everyday discrimination scoresin the
model (Moddl 2), there was till an overall association with
depression, and the pairwise contrast of highest to lowest
remained significant. In Model 2, the effect of unfairness on
high blood pressure disappeared. The addition of everyday

discrimination to the model increased the R? value by 0.01% to
0.02%.

Table 4. Adjusted odds of self-reported history of illness by unfairness and discrimination?.

Mode 2 unfairness (R%)

0.14

0.10

Low REF REF
Middle 1.19 (0.92-1.54) 1.15 (0.82-1.54)
High 1.89 (1.35-2.64) 0.84 (0.57-1.234)

0.07

REF
0.80 (0.52-1.22)
0.87 (0.52-1.45)

0.21

REF
1.00 (0.761-1.309)
1.22 (0.85-1.74)

Predictor History of depression® History of diabetes  History of heart History of high blood History of cancer
disease pressure
Model 1€ unfairness (R?) 0.12 0.09 0.05 0.20 0.06
Low REF REF REF REF REF
Middle 157(124-198)¢  121(092-158) 1.01(0.69-1.48)  1.11(0.87-1.42) 1.18 (0.82-1.69)
High 2.93(2.18-3.95) 1.03 (0.72-1.45) 1.31(0.84-2.06)  1.49 (1.08-2.05) 1.14(0.71-1.82)

0.07

REF
0.99 (0.67-1.48)
0.78 (0.46-1.32)

8Unless otherwise stated, the data are reported as OR (95% Cl).
POverall variable P<.01.

®Model 1: adjusted for age, gender, race, income, education, and marital status.

4REF: reference group.
Cltalicized Clsindicate statistically significant ORs.

"Model 2: adjusted for age, gender, race, income, education, marital status, and everyday discrimination.

As shown in Table 5, unfairness was significantly related to
30-day marijuana use, 30-day cigarette use, and lifetime opiate
use, after adjustment for sociodemographic variables (Model
1). There was no association with 30-day alcohol use.
Specifically, higher unfairness values, when both the middle
and highest groups were compared to the lowest group, were
associated with significantly higher odds of cigarette and opiate
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use, whereas for marijuana, the contrast was significant only
for the highest compared to the lowest group. When everyday
discrimination scores were added to the model (model 2), the
effect on marijuanawas no longer significant and the effect on
cigaretteswas only significant for the comparison of themiddle
to thelowest group. In addition, the effect on alcohol use became
significant. However, the effect was in the opposite direction
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than with the other substances. That is, higher unfairness was
significantly associated with lower odds of 30-day alcohol use.

Table 5. Adjusted odds of self-reported substance use by unfairness®

Resnicow et d

The addition of everyday discrimination to the model increased
the R? value by 0.01% to 0.02%.

Predictor 30-day acohol 30-day marijuana 30-day cigarettes Lifetime opiates
Model 1° unfairness (R?) 0.14 0.08 0.05 0.07

Low REES REF REF REF

Middle 0.82(0.64-1.04) 1.14 (0.82-1.59) 1.69 (1.28-2.23) &f 1.37 (1.07-1.74) ¢

High 0.76 (0.54-1.07) 1.74 (1.17-2.57) @ 1.96 (1.39-2.76) ' 1.41 (1.03-1.92) 9
Mode 29 unfairness (R%) 0.14" 0.09 0.08 0.08

Low REF REF REF REF

Middle 0.73 (0.56-0.96) ¢ 0.89 (0.62-1.28) 1.38(1.01-1.87) 1.00 (0.76-1.30)

High 0.65 (0.45-0.95) @ 1.22 (0.79-1.89) 1.42 (0.972-2.10) 0.84 (0.59-1.19)

8Unless otherwise stated, the data are reported as OR (95% Cl).

bModel 1: adjusted for age, gender, race, income, education, and marital status.

°REF: reference group.

dp<.05.

Cltalicized Clsindicate statistically significant ORs.
fp<.01.

9Model 2: adjusted for age, gender, race, income, education, marital status, and everyday discrimination.

Discussion

Unfairness was significantly related to worse menta health
functioning, net adjustment for sociodemographic variables,
and everyday discrimination. Unfairness was related to
self-reported history of depression and high blood pressure after
an adjustment for sociodemographic variables was made
although after including everyday discrimination in the model,
only the association with depression remained significant.

Unfairness was also significantly related to 30-day marijuana
use, 30-day cigarette use, and lifetime opiate use. Adding
everyday discrimination scores to the model attenuated these
effects, with the association with marijuana no longer being
significant and the effect on cigarettes only being significant
for the comparison of the middle group to the lowest group.

Our findings of a generaly harmful effect of perceived
unfairness on health are consistent with prior studies [15-17].
Perceived unfairness, athough moderately correlated with
everyday discrimination, appears to serve as aunique predictor
of health status and health behavior. Alternatively, given that,
in someinstances, adding everyday discrimination to the model
attenuated the impact of unfairness on outcomes, unfairness
may also serve as a partial mediator of discrimination; that is,
it may be one of the psychologica pathways through which
discrimination negatively impacts health: it may be a
consequence of discrimination. On the other hand, adding
discrimination to the model (except for mental health) generally

only increased the R? value by 1% or 2%, suggesting that
unfairness captures most of the same variance in health
outcomes as does discrimination.
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In our study, we found that higher unfairness was associated
with lower educational attainment, lower age, lower household
income, and being unmarried. The higher rates of unfairness
observed for individuals with lower education and income is
consistent with both UK [15,16] and Dutch studies [17]. Age
was unrelated to unfairness in the Whitehall study [16], which
differs from our findings. We found no differences by gender,
which is inconsistent with the Whitehall study, where women
had higher levels of reported unfairness [16].

With regard to race, we found the highest unfairness values
were observed among African American and multiracia
respondents, followed by MENA respondents. White
respondents reported the lowest values, and they were
significantly lower than African American, multiracial, and
MENA respondentsin pairwise comparisons. Prior studies did
not report race effects, astheir sampleswere more homogeneous
than that of thisstudy. The Whitehall study sample, for example,
consisted of 90% White and 5% South Asian participants[27].

We found that the effect of unfairness on 30-day alcohol was
in the opposite direction to the other substances we examined.
That is, higher unfairness was associated with lower odds of
30-day alcohol use. The protective effect of unfairness on
alcohal intake was not entirely unexpected. A few previous
studies have found that higher levels of unfairness and
discrimination were not associated with increased alcohol use
[9,16,28]. In our study, thisrelationship wasin part confounded
by religiosity, as more religious respondents were both more
likely to abstain from alcohol and to report higher levels of
unfairness (data not shown). Controlling for religion reduced
the protective effect of unfairness on alcohol use.
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The study has several limitations. First, the data were all cross
sectiond , which limits our ability to determine causation; reverse
causality cannot be excluded. For example, higher ratesof illness
or substance use could drive higher perceptions of unfairness
or discrimination, rather than the inverse.

Secondly, unfairness may be caused by everyday discrimination.
Experiencing discrimination could lead one to perceive life as
unfair. Given the 2 variables were moderately correlated
(r=0.54) and that the effects of unfairness on health outcomes
generaly remained after adjustment for discrimination, it
appears that unfairness may function as a unique contributor to
health outcomes, above that of discrimination. It should aso be
noted that while the 9-item everyday discrimination scale
assesses various types of discriminatory behaviors, the
single-item unfairness measure we used only assesses global
perceptions. Perhaps more granular assessment of unfairness,
more akin to how discrimination is typically assessed, would
yield more robust findings.

Resnicow et d

Furthermore, illness outcomes were all self-reported, which
likely increased the error of these measures. Given this, the
analyses might have underestimated the association of unfairness
on health, unless they share a common reporting bias, which
then would have spuriously inflated their association. Finally,
our sample was recruited in Michigan, so the generalizability
of our findings to other populationsis unclear.

Our findings have implications for both research and practice.
With regard to research, our results indicate that unfairness
should be included as a potentia variable in studies of health
and health disparities in addition to the standard set of
socioeconomic and social indicators. Unfairness may also be
more amenable to intervention than discrimination and other
disparity drivers. Because unfairness relates more to the
perception or perseveration of events rather than simply their
occurrence, cognitive interventions that help individuals cope
with these perceptions may merit investigation.
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Abstract

Background: The Neonatal Tetanus Surveillance System (NTSS) in Yemen was established in 2009 to identify high-risk areas,
determine trends, and evaluate elimination activities. Since its launch, the NTSS had never been evaluated.

Objective: This study aimed to assess the performance of NTSS and determine its strengths and weaknesses to recommend
improvements.

Methods: The US Centersfor Disease Control and Prevention (CDC) guidelineswere used for evaluating the NTSS. Stakeholders
at the central, district, and facility levels were interviewed to rate the attributes of the NTSS. The percentage scores for attributes
were ranked as poor (<60%), average (=60% to <80%) and good (=80%).

Results: The overall usefulness score percentage was 38%, which indicates a poor performance. The performance of the NTSS
was rated as average on flexibility (score percent: 68%) and acceptability (score percent: 64%) attributes and poor on stability
(score percentage: 33%), simplicity (score percentage: 57%), and representativeness (score percentage: 39%) attributes. About
65% of investigation forms were completed within 48 hours of notification date. Data quality was poor, as 41% of the core
variables were missing.

Conclusions: The overall performance of the NTSS was poor. Most of the system attributes require improvement, including
stability, simplicity, quality of data, and completeness of investigation. To improve the performance of NTSS, the following are
recommended: capacity building of staff (focal points), strengthening NTSS through technical support and government funding
to ensure its sustainability, establishing electronic investigation forms for improving the system data quality, and expansion of
NTSS coverage to include all private health care facilities.

(JMIR Public Health Surveill 2021;7(5):e27606) doi:10.2196/27606

KEYWORDS
neonatal tetanus; evaluation; surveillance; CDC guidelines; Yemen

developing countries. It is caused by the toxin of Clostridium

Introduction tetani, aubiquitous, spore-forming, gram-positive bacillusfound
Background in high concentrationsin soil and animal excrement. The disease

usualy occurs in rura settings with poor access to health

Neonatal tetanus (NT) isalife-threatening vaccine-preventable  ¢qjjities, characterized by generalized rigidity and convulsive

disease and one of the most underreported diseases in many
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spasms of skeletal muscles that usually involve the jaw and
neck and then become generalized [1]. Newborns can become
infected through contaminated instruments used to cut the
umbilical cord or by improper handling of the umbilical stump
[1,2].

NT remains a major cause of infant and neonatal mortality in
many developing countries, but it is preventable by
immunization and/or assuring clean delivery and postdelivery
practices [2]. According to the World Health Organization
(WHO), an NT case is defined as “a neonate with the normal
ability to suck and cry during the first 2 days of life, between
3 to 28 days of age cannot suck normally and becomes stiff or
has spasms’ [3]. Global elimination isdefined as an annual rate
of <1 case of NT per 1000 live births at the district level [4].

Globally, good progress has been made in the last two decades.
The number of reported NT cases worldwide declined by 90%,
from 17,935 in 2000 to 1803 in 2018, and estimated NT deaths
decreased by 85%, from 170,829 in 2000 to 25,000in 2018 [4].
This disease accounts for 1% of worldwide neonatal mortality,
compared with 7% in 2000 [5].

Degspite the appreciable drop in the number of NT cases
attributed to the global NT elimination strategies, NT till
remains among the leading causes of death in 14 developing
countries that have not yet eliminated NT [6]. The Eastern
Mediterranean Region (EMR) has been ranked at the fourth
position among WHO regions in term of NT burden. In 2018,
181 (10%) of NT cases were reported from 6 countries in the
region: Afghanistan, Saudi Arabia, Irag, Morocco, Egypt, and
Yemen [4].

Neonatal Tetanus Surveillancein Yemen

Yemen isone of the 5 remaining countriesinthe EMR that have
not achieved the global elimination target set by WHO [6]. NT
remains a public health problem in Yemen, where it is one of
the major causes of neonatal mortality. In 2018, more than 64%
of al NT casesin EMR were reported from Yemen. A total of
2069 NT cases were reported from 1980 to 2018 [4].

Tetanus immunization has been included in the national
expanded program of immunization in Yemen since 1977, and
includes 5 doses of tetanus toxoid vaccine for women of
child-bearing age. Despite the availability of an inexpensive
and effective tetanus vaccine, Yemen is far behind in tetanus
toxoid vaccine coverage. Over the last decade, 17% to 21% of
women received at least 2 doses of the tetanus toxoid vaccine
in Yemen [7].

The Neonatal Tetanus Surveillance System (NTSS) was
established in Yemen in 2009, with the objectives to identify
high-risk areas, determine trends of NT, and evaluate tetanus
elimination activities. NTSSin Yemen isapassive surveillance
system that relies on the identification of NT cases collected at
the health facility level and then reported to the next higher
level at a specified frequency (weekly), even if there are zero
cases (referred to as zero reporting). In addition, al NT cases
are reported through community-based surveillance (CBS) and
the Electronic Disease Early Warning System (elDEWS).
Particularly in high-risk areas, the NTSSrelieson CBSthrough
traditional birth attendants, community leaders, traditional

https://publichealth.jmir.org/2021/5/€27606
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healers, or other community members who are sensitized to
report NT cases and deaths to health authorities. The el DEWS
network of reporting sitesincludes both public and private health
facilities.

Objectives

High-quality NT surveillance is a key component of the NT
elimination strategy, and its data are used to identify areas or
subpopulations at high-risk for NT and guide effective public
health response for NT elimination. However, since its launch
in Yemen, NTSS had never been evaluated. Therefore, this
study aimed to assess the level of usefulness and performance
of the NTSS attributes, determineits strengths and weaknesses,
and suggest recommendations for improvement.

Methods

Study Design

A descriptive eval uation study was conducted to describe NTSS
and its performance according to the Centersfor Disease Control
and Prevention (CDC) quideline for evaluating disease
surveillance systems [8]. The study was performed in the city
of Sana afrom October to December 2018.

Study Population and Sampling

The study population involved 31 stakeholders: 5 from the
central level, 3 from governorate level, 3 from districts level,
and 20 health facility focal points. At the district and health
facility levels, samples were selected using a multistage
sampling method. Using simple random sampling, 30% (3/10)
of the districts—Assabain, Maain, and Assdfi’yah—were
selected. A total of 33% (20/60) of health facilitieswere selected
by stratified random sampling distributed proportionally among
the chosen districts according to the curative services (public
and private) in each district. The selection of health facilities
from each chosen district was based on simplerandom sampling.

Data Collection

Desk review of the main NTSS documents and literature was
conducted to describe the system. In depth interviews were
conducted with NTSS stakeholders at the centra and
governorate levels to measure usefulness, flexibility, and
stability. A semistructured questionnaire was used to collect
data from surveillance coordinators of governorates, districts,
and focal points at health facility levels to evaluate simplicity
and acceptability (Multimedia Appendix 1). In addition, data
registries from 2009 to 2018 were obtained to measure data
quality, timeliness of investigation, completeness of
investigation, and representativeness.

Perfor mance of the System

Theindicatorsof thelevel of usefulness, flexibility, and stability
attributes were assessed using yes or no (yes = 1; no = 0)
questions. The indicators of simplicity and acceptability were
assessed using a 5-point Likert scale (1 = strongly disagree, 2
= disagree, 3 = neutral, 4= agree, and 5 = strongly agree).
Quality of data was assessed by measuring the percentages of
missing variables. Timeliness of investigation was measured
by the percentage of all suspected cases investigated within 48
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hours of notification. Completeness of investigation was
measured by the proportion of NT suspected casesreported that
have been investigated. Representativeness was measured by
the percentage of all public and private health facilitiesin Sana a
that were covered by NTSS.

Data Analysisand I nterpretation

The usefulness, flexibility, and stability indicators were scored
as 0 or 1, whereas the simplicity and acceptability indicators
were scored from 1 to 5. For each indicator, the score percentage
was calculated as the following:

]

The overall attribute score percentage was calculated as the

following:
@]

Each indicator and overall attribute score percentage was
represented as score rank and interpreted as poor <60%, average
=>60% to <80%, or good =80%. Missing data were measured
by selecting 1-year datato cal cul ate the percentage of the missed
core variables. The core variables included case identification,
date of birth, sex, place of usual residence, date of illness onset,
date of notification, date of investigation, symptoms in case
definition, outcome (alive/dead), maternal vaccination history,
place/type of delivery, tool used for cutting cord, and material
applied to cord. For any case, if information on any of the core
variables is missing, the investigation was considered
inadequate.

Timeliness of investigation was calculated by dividing the
number of suspected NT cases investigated within 48 hours of

Al-Jamrah et d

notification by the number of suspected NT cases investigated
x 100. Completeness of investigation was cal culated by dividing
the number of NT case investigations by the number of
suspected NT cases reported x 100. Representativeness was
calculated by dividing the number of public and private health
facilitiesin Sana athat are covered by NTSS by thetotal number
of public and private health facilitiesin Sana a x 100. Epi Info
(version 7.2, Division of Health Informatics and Surveillance,
CDC) wasused for dataentry and analysis. Datawere described
using frequencies, score percentages, and score rank.

Results

Participant Characteristics

A total of 31 participants (61% [19/31] male and 39% [12/31]
female) were interviewed from 4 levels: central, governorate,
district, and health facility. The median of their ages was 42
years (range 24 to 65 years) and the median years of their
experiencein surveillance systemswas 4.0 years (range 1 to 20
years).

Level of Usefulness

Based on 8 in-depth interviews with stakehol ders at central and
governorate levels, the overall usefulness score percentage was
38%, which indicates apoor performance. Only one usefulness
indicator (“ The system dataare used to estimate NT magnitude,
incidence, and mortality rates’) was ranked as good (Table 1).
One of the respondents said “Unfortunately, NT is neglected
by researchers and the Ministry of Public Health and
Population.”

Table 1. The score, score percentage, and rank of usefulness indicators of the Neonatal Tetanus Surveillance System in Sana’ a, 2018 (n=8).

Indicator Score Score percentage  Rank
The system data are used to estimate NT? magnitude, incidence, and mortality rates. 7 88 Good
The system data are used to monitor the trend of NT spread over time. 4 50 Poor
The system data are used to identify high-risk areas. 4 50 Poor
The system data are used to update and develop the national policy strategy for NT elimination. 1 13 Poor
The system data are used to assess the effect of interventions. 1 13 Poor
The system provides a basis for epidemiologic research. 1 13 Poor
Overall usefulness 18 38 Poor

3NT: neonatal tetanus.

Flexibility
The overall score of flexibility was 68%, which reveals an

average performance (Table 2). Three of theflexibility indicators
(“The system can be adapted to accommodate new additional

https://publichealth.jmir.org/2021/5/€27606

information” [eg, change in case definition], “The system can
be adapted to increases in the reporting sources,” and “The
system can be adapted to integrate with other surveillance”) had
good rank. One indicator (“The system is not affected by fund
variation™) was ranked as poor.
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Table 2. The score, score percentage, and rank of flexibility indicators of the Neonatal Tetanus Surveillance System in Sand a, 2018 (n=8).

Indicator Score Score percentage  Rank
The system can be adapted to accommodate new health-related events with little resources and time. 5 60 Average
The system can be adapted to accommodate new additional information (eg, change in case definition). 7 88 Good
The system is not affected by fund variation. 0 0 Poor

The system can be adapted to increases in the reporting sources. 7 88 Good
The system can be adapted to integrate with other surveillance. 8 100 Good
Overall flexibility 27 68 Average

Stability and managing data’) had a good rank (Table 3). One of the

The overall stability of the system scored 33%, which reveas
a poor performance. Of 5 stability indicators, only one (“The
system does not require time for collecting, sending, receiving,

respondents said “Thereis no qualified coordinator capable of
working continuously, and the most important obstacle is the
lack of funding.”

Table 3. The score, score percentage, and rank of stability indicators of the Neonatal Tetanus Surveillance System in Sana a, 2018 (n=8).

Indicator Score Score percentage  Rank
The system has funds from nongovernmental organizations. 0 0 Poor
The system has governmental funds. 1 13 Poor
The system is stable without sponsor funds. 0 0 Poor
The system does not require time for collecting, sending, receiving, and managing data. 8 100 Good
The reports are released regularly. 4 50 Poor
Overall stability 13 33 Poor
simplicity ranking. Only one indicator had good ranking. The overall

A total of 26 stakeholders at governorate, district, and health
facility levels rated the simplicity. Of 9 indicators, 5 had poor

simplicity of the system scored 57%, which indicates a poor
performance (Table 4).

Table 4. The score, score percentage, and rank of simplicity indicators of the Neonatal Tetanus Surveillance System in Sana’ a, 2018 (n=26).

Indicator Score Score percentage  Rank
Case definition is available. 71 55 Poor
Case definition is easy to apply. 95 73 Average
Investigation forms are available. 48 37 Poor
Investigation forms are easy to complete. 52 40 Poor
Data collection does not require telephone contact or home visit. 84 65 Average
Data collection does not need much time. 99 76 Average
Data transportation to the central level isvery easy. 108 83 Good
Received training on NT2. 35 27 Poor
Data updating and follow-up of cases are easy. 77 59 Poor
Overall smplicity 669 57 Poor

3NT: neonatal tetanus.

Acceptability

The acceptability indicator related to willingnessto participate
in NTSS had good rank. However, satisfaction with NTSS was
poor. The overal acceptability score percentage was 64%, which
indicates an average performance.

https://publichealth.jmir.org/2021/5/€27606
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Timeliness and Completeness of | nvestigation

Of reported cases, the overall compl eteness of routine reporting
under passive surveillance was only 23% (120/524), which
indicates a poor performance. A total of 65% (340/524) of
investigation forms were completed within 48 hours of the
notification date, indicating an average timeliness performance,
while 10% (53/524) of investigation forms were completed
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more than 48 hours after the notification date. The remaining
(131/524, 25%) had no investigation date.

Data Quality

The data quality was poor, with 41% (645/1572) of the core
variables missing. The highest percentage of data missing was
in maternal vaccination history (96/131, 73%), followed by
material applied to cord (72/131, 55%). The lowest percentage
of missing was in date of birth (14/131, 11%) followed by sex
variable (6/131, 5%).

Representativeness

Almost al (64/66, 97%) public health facilities and 26.7%
(80/300) of private health facilitieswere covered by NTSS. The
overall representativeness score percentage was only 39%, that
indicates a poor representativeness.

Strengths and Weaknesses of the NTSS

The strengths of the system include easy data collection; transfer
through el DEWS; existence of surveillance staff in governorate,
district, and health facility levels; several sources of reporting
such as elDEWS and CBS; and existence of new qudlified
leadership.

The weaknesses of the system include lack of investigation
forms in the health facilities; no activities for the NTSS; lack
of central supervision and communication; and no brochures,
posters, or publications available on NT.

Discussion

Principal Findings

Every disease surveillance system should be analyzed and
evaluated periodically to ensure it meet its objectives and
improve performance wherever necessary. This evaluation
reveal ed contradictory views about the usefulness of the NTSS,
where it was generaly considered poor. For example, the
surveillance system did not play any role in assessing the
effectiveness of the NT elimination strategy and was not capable
of identifying areas at high risk. However, the surveillance data
were useful to estimate NT magnitude, incidence, and mortality
rates, which arethe main goalsfor NTSS. The system might be
considered useful if it satisfactorily addresses at |east one of the
usefulness indicators [8].

The NTSS demonstrated average flexibility. This result is
reasonable, particularly with indicators related to the changein
case definition, reporting sources, and integration with other
surveillance. Receiving data from several sources such as
elDEWS and CBS may enhance the flexibility of the system.
However, flexibility may be negatively affected by fund
variation. Similar findings were reported by another study,
which revealed its flexibility by incorporating information on
measles and acute flaccid paralysis systems [9]. In the other
hand, our finding disagrees with those of a previous evaluation
performed in Baluchistan, Pakistan, which demonstrated that
the system had poor flexibility [10].

Despite the ability of the system to collect, send, receive, and
manage datawith little resources and time, the stability of NTSS
was poor. This poor stability of NTSS reflected the weak
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capability of the system to release reports regularly and lack of
funds, especially governmental funds, which affect the system
activitiesimplementation. Therefore, the system isunstable and
its sustainability isin danger.

Concerning the simplicity, the study results showed that NTSS
simplicity was generally poor. This result might be due to the
unavailability of case definition and investigation forms, aswell
as poor training, which can be attributed to lack of funds
necessary for implementation of system activities. However,
the transfer of the datato the central level was ssimple.

The findings showed that the acceptability of NTSS was
average, as the majority of respondents were willing to
participate in the surveillance system. Nevertheless, about
two-thirds of respondents were unsatisfied with NTSS. This
might be due to lack of interaction between the central and
health facility levels, and this may result in lack of
communication. Similarly, previous evaluation performed in
Baluchistan, Pakistan, found that the system was acceptablefor
all stockholders with average rank [10].

Completeness of reporting for NT depends on conscientious
notification, use of health services, health-seeking behavior,
access to health services, [11] and a sensitive surveillance
system [3,12].

Our findings reveal ed the completeness of investigation forms
was poor. This result was far from the WHO target for
completeness of investigation (=90%) [3]. It might be due to
unavailability of investigation forms, registers, and case
definitions in the health facilities as well as lack of central
supervision, communication, and training courses for staff. A
similar study suggested that the avail ability and widespread use
of birth attendant logs, vital eventsregistries, and standard case
definitions in reporting sites may impact NT reporting and
surveillance [13].

The NTSS has average timeliness of investigation within 48
hours after notification. This result was lower than the WHO
target for timeliness of investigation, which is =280% [3]. This
finding might be due to the investigation date being missing in
aquarter of theinvestigation forms.

High-quality surveillance dataand other key program indicators
should be used to monitor the impact of interventions,
achievement, and maintenance of NT elimination [3]. The
findings of this evaluation showed poor quality of NTSS
investigation-completed forms. In addition, the percentage of
missing data was high, especially data related to the maternal
vaccination history and material applied to cord. In contrast,
the percentage of missing datawas low on the date of birth and
sex variables. This might be due to lack of staff training and
incentives. In comparison, aprevious evaluation in Baluchistan,
Pakistan, also demonstrated that the system had poor dataquality
[10].

The representativeness of NTSSin general was poor in Sand a,
particularly among private health facilities. However, the
representativeness of NTSS was good among public health
facilities.
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Limitations

This evaluation has some limitations. This evaluation was
limited to Sana adue to time, budget, and security constraints.
Moreover, arrival time of the investigation forms was not
measured becauseit was not included in the investigation forms.

Conclusion

The overall performance of the NTSS was poor, and it is not
meeting its objectives. Most of the system attributes require
improvement, such as usefulness, stability, simplicity, quality
of data, and completeness of investigation. In contrast, the
system flexibility, acceptability, and timeliness of investigation
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Abstract

Thisarticle briefly describes Egypt’s acute respiratory infection (ARI) epidemic preparedness and containment plan and illustrates
the impact of implementation of the plan on combating the early stage of the COVID-19 epidemic in Egypt. Pillars of the plan
include crisis management, enhancing surveillance systems and contact tracing, case and hospital management, rai sing community
awareness, and quarantine and entry points. To identify the impact of the implementation of the plan on epidemic mitigation, a
literature review was performed of studies published from Egypt in the early stage of the pandemic. In addition, datafor patients
with COVID-19 from February to July 2020 were obtained from the National Egyptian Surveillance system and studied to describe
the situation in the early stage of the epidemic in Egypt. The lessons learned indicated that the single most important key to
success in early-stage epidemic containment is the commitment of all partnersto a predevel oped and agreed-upon preparedness
plan. This information could be useful for other countries in the region and worldwide in mitigating future anticipated ARI
epidemics and pandemics. Postepidemic eval uation is needed to better assess Egypt’s national responseto the COVID-19 epidemic.

(JMIR Public Health Surveill 2021;7(5):€27412) doi:10.2196/27412
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the north and the Red Seain the east. Most of its population is

Introduction

Country Profile

Egypt isatranscontinental country inthe Middle East. Most of
the country is situated in northeastern Africa, with the Sinai
Peninsulalocated in Western Asia. The country coversan area of
1 million km? and has coastline on the Mediterranean Seain

https://publichealth.jmir.org/2021/5/€27412

concentrated along the banks of the Nile River and on theriver's
delta, and only approximately 3% of the territory is inhabited.
The population of Egypt isgreater than 100 million inhabitants,
and the gross domestic product per capita in 2017 was US
$10,799. Life expectancy was 74.4 years in females and 68.0
in males, and the under-5 mortality rate was 19.2. The main
causes of death in Egypt areischemic heart disease, stroke, and
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cirrhosis; the health care access and quality index was 58.0 and
the governmental health spending per person was US $39 in
2018 [1].

The Beginning of the COVID-19 Epidemic in Egypt

On December 1, 2019, acluster of pneumoniacases of unknown
cause was noticed in Wuhan, China. On December 2019, China
announced an epidemic of acute respiratory disease of unknown
cause [2]. As soon as the COVID-19 epidemic was announced
and before the World Health Organization (WHO) announced
it to be a pandemic, the Egyptian Ministry of Health and
Population (MoHP) started to adapt its acute respiratory
infection (ARI) pandemic preparedness plan to apply it to the
anticipated pandemic.

Egypt is considered to be one of the first countries to monitor
infectious diseases through a national surveillance system for
reporting infecti ous diseases; this system has been in operation
for about a century. Egypt’s national surveillance system was
assessed, enhanced, and expanded to include al governmental
health carefacilitiesin 1999. The National Egyptian Electronic
Disease Surveillance System (NEDSS) targets 40 communicable
diseases, including ARIs, and it includes an el ectronic reporting
element [3]. A comprehensive network of epidemiological and
laboratory vertical systems for reporting ARIs was devel oped
in 2009, along with an alert system for early detection of novel
respiratory viruses. The network covers the entire country and
comprises surveillance systemstargeting severe acute respiratory
infections (SARIs), influenza-like illness (IL1), pneumonia,
avian influenza, and Middle East respiratory syndrome
coronavirus (MERS-CoV). Event-based surveillance was
introduced in Egypt in 2009 in response to the 2009 HIN1
pandemic to aid timely detection of and response to possible
epidemics.

The aims of this viewpoint are to review and discuss the
preventive and control measures that have been implemented
by the Egyptian MoHP in response to the COVI1D-19 pandemic
and to share Egypt’s experience with public health practitioners
and authorities to enable better response to such eventsin the
future.

The specific objective of the preparedness plan for response to
COVID-19 was to reduce morbidity and mortality in the event
of aCOVID-19 epidemic in Egypt.

Methodology

In this report, we use two approaches. to discuss the
interventionsimplemented in the COVID-19 epidemicin Egypt
as apart of the preparedness plan and to describe the epidemic
situation in its early stage in an attempt to link it to the
interventions performed.

To describe the ARI epidemic preparedness and containment
plan in Egypt, al documents addressing the ARI epidemic
preparedness and response plan and their updateswere reviewed,
including the ARI case management plan, ARI and Influenza
Pandemic Preparedness Plan, and national disease surveillance
guidelines. In addition, the key studies and publications
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describing the situation of the early stage of the COVID-19
epidemic were reviewed to describe the epidemic situation.

National surveillance data on all patients in Egypt with
COVID-19 from February to July 2020 were obtained from the
national disease surveillance database. Web-based data sources
were consulted regularly to collect data published on the early
stage of the epidemic in Egypt. Descriptive data analysis was
performed to assess the response to the epidemic in Egypt.

Egypt’'s ARI Pandemic Preparedness and
Containment Plan

Egypt’s ARI preparedness plan was first developed in 2007 in
collaboration with WHO Egypt. It was activated in 2009 during
the HIN1 pandemic, updated in 2019, and then adapted to the
COVID-19 pandemic [4].

The pandemic preparedness plan was activated early, before
the introduction of SARS-CoV-2 into the country, when the
first positive case was identified among contacts of a Chinese
woman who tested positive after returning to Chinafrom ashort
business trip to Cairo.

The plan includes five pillars:

1. Crisis management

Enhancing surveillance systems and contact tracing
Case and hospital management

Raising community awareness

Quarantine and entry points

g s~ wDN

Crisis Management

A pre-established Supreme National Committee for crisis
management was activated early in the pandemic. Members of
the committee are Ministers of relevant Ministries, including
the Ministry of Hedth, Ministry of Agriculture, Ministry of
Loca Development, Ministry of Environment, Ministry of
Defense, Ministry of Foreign Affairs, Ministry of General
Information Authority, General Administration of Veterinary
Affairs, Crisis Management Room at Council of Ministers, and
Ministry of the Interior, Preventive and Endemic Affairs of
Ministry of Health. This committee was and is still responsible
for deciding on the necessary preventive and control measures
based on the rapid changes in the pandemic situation globally
and in Egypt.

The crisis management committee of the M oHP was assembled
before the introduction of the virus to Egypt. The committee
included all sectors concerned within the ministry (preventive
sector, curative sector, health care and nursing sector, general
authority for health insurance, general authority for hospitals
and educational institutes, central administration of medical
medicine, central administration of preventive affairs, General
Secretariat of Specidized Medical Centers, Central
Administration of Pharmacy, General Directorate of Hospitals,
General Department of Chest Diseases, General Department of
Infectious Diseases, General Administration of Veterinary
Affairs Mechanism, Epidemiology and Surveillance, the official
spokesperson of the Ministry of Health, and arepresentative of
the Supreme Council of Universities). The committee is
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responsible for monitoring the epidemiologic situation on a
24-hour basis, implementing all preventive and curative
measures to contain the disease, ensuring the preparedness and
response of emergency teams 24 hours per day, establishing
follow-up treatment protocols, and ensuring the availability of
medical supplies necessary for prevention and case management
and equipment and supplies for intensive care units.

Enhancing ARI Surveillance Systems

Case Definitions

NEDSS, ILI, SARI, and pneumonia and mortality surveillance
systems were activated through 2 days of training for
surveillance teams in all governmenta health care facilities
conducted at the central and regional levels. Guidelines for
COVID-19 epidemic response were devel oped and distributed
at all health system levels, and teams were instructed to report
ARIson adaily basis. Case definitions were developed using
the WHO COVID-19 case definition [5] and distributed to all
governmental and private health carefacilitiesfor reporting any
suspected cases. The case definition was updated 3 times to
increase the sensitivity for case detection as the epidemic
progressed.

The updated COVID-19 case definitions as of June 2020 are
outlined below.

A suspected case is defined as anyone who suffers from acute
respiratory symptoms (cough, shortness of breath) or fever =38
°C or both with no other reasons, or anyone with any of the
following conditions within 14 days before symptoms:

1. History of travel to a country or region that proves wide
community spread or limited local transmission of
COVID-19

2. Contact with a confirmed case with COVID-19

3. Contact with a person with acute respiratory symptoms
(cough, shortness of breath) or afever =38 °C and who is
epidemiologically related to a place or region (locally or
internationally) with epidemic outbreaks of COVID-19 but
not yet confirmed by a laboratory

4. Hedth careworkersor workersin ahealth carefacility with
reported confirmed cases of COVID-19 or a patient with
SARI with fever 238 °C with one of the symptoms of acute
respiratory disease (cough, shortness of breath) and the
cause of the pathological condition could not be identified

If suspicion of the above is not verified, consider any person
with at least two of the following clinical characteristics:

1. Fever, severe respiratory symptoms, or both

2. Computed tomography scan for chest (if not available;
normal x-rays are performed on the chest) with diagnostic
properties of COVID-19

3. Normal or low leukocyte count with lymphocytopenia

A confirmed case is defined as a person with laboratory
confirmation of COVID-19 infection by real-time polymerase
chain reaction (RT-PCR).

COVID-19wasadded to thelist of NEDSS-reportabl e diseases,
and adata collection was developed and added to the web-based
data screens. Suspected and confirmed cases of COVID-19 are
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entered at all governmental hospitals to provide a regular
description of the epidemic situation in Egypt, for contact
tracing, and for future predictions. Daily reports are devel oped
and shared with relevant stakeholders.

The International Health Regulations unit at MoHP isin direct
contact with WHO Egypt and Eastern Mediterranean Regional
(EMR) Officefor daily reporting, regular sharing of global- and
country-level information, updated recommendations, and viral
genetic mutations.

The event-based surveillance was expanded to includethe entire
country, and teams at all levels are immediately reporting alert
signalsto the central level. Signal verification and case detection
are performed for al received alert signals.

The Role of Laboratoriesin Epidemic Mitigation

Specimens are collected from all suspected cases for testing at
regional laboratories in governorates and central |aboratories
in Cairo. Testing results are monitored daily and distributed to
affiliated governorates and hospitals. Genetic mutation is
monitored regularly at the global and regional levels.

COVID-19 and influenza testing kits and reagents are secured
a the Centra Public Health Laboratory and regional
laboratories. Training was provided to laboratory specialists
and technicians at the governorate level in specimen collection,
archiving, and transfer. Specimens are shared regularly with
WHO reference laboratories.

Contact Tracing

Evidence from the COVID-19 response in China hasindicated
that efficient contact tracing can enable early detection and
isolation of cases and can substantially reduce disease
transmission [6]. Because contact tracing is a crucia part of
COVID-19 epidemic contral in conjunction with case finding,
Egypt was able to apply this strategy early in the pandemic,
when the number of cases was small. In Egypt, contacts were
classified as close and casual contacts according to the European
Centersfor Disease Control and Prevention definition and traced
to provide contacts with information on self-quarantine, proper
hand hygiene, and respiratory etiquette measures and to advise
them on what to do if they developed symptoms. Contactswith
symptomsundergo laboratory testing by PCR in atimely fashion
for early case detection [7]. Responsibilities for contact tracing
and management were developed and distributed at al levels
of the health system.

Case and Hospital Management

Intensive care units (adult and pediatric) and hospitals with
ventilator capacity (adult and pediatric) were identified for the
management of COVID-19 cases. A referral system between
hospitals was defined, and information was distributed to all
governorates and hospitals. Training was provided for all
hospital physiciansin case detection using the case definitions,
triage, and protocol for management of acute respiratory
infections. Continuous supervision and monitoring from the
central level of assigned hospitals was performed to evaluate
hospital performance in dealing with cases of acute respiratory
symptoms. Chest consultants were assigned for management
of severe cases. A manua was developed for treatment of
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patients at different disease stages and severity. This manual is
being revised and updated regularly as new information becomes
available.

Raising Community Awareness

A hotline was activated and WhatsApp was used 7 days per
week to answer questions, respond to regquests and complaints
and coordinate patient transfer and hospital admissions. In
addition, Facebook, radio, and television broadcasts were used
to raise community awareness of the current status of the
COVID-19 pandemic in Egypt, disease prevention, and home
management of patients. Printed posters were developed and
distributed at the intermediate and peripheral health system and
hospital levels. The printed material included 3000 posters for
case definition, 30,000 brochures of fact sheets, 2000 case
management bookl ets, and 30,000 brochures on how to manage
patientsat home, in addition to >2 million posters on preventive
measures at home, in the community, and at heath care
facilities. The printed materials were déivered to all
governmental and private health facilities and communities.

Quarantine and Points of Entry

Brochures were distributed to staff at all points of entry,
including the definitions of suspected and confirmed cases of
COVID-19. Travelers arriving to Egypt were assessed, and
suspected cases were transferred to isolation hospitals as
preventive measures. During the period from January to July
2020, 91,787 travelers arrived via different points of entry. Of
these 91,787 travelers, 1616 (1.8%) had elevated temperature
or respiratory symptoms detected at the checkpoints and were
transferred to hospitals for evaluation and treatment. All
asymptomatic arrivals (90,171) weretested by rapid testing. Of
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them, 2329/90,171 (2.6%) tested positive and were sent for PCR
confirmation testing. Of the 2329 persons who tested positive
by rapid testing, 966 (41.5%) tested positive by PCR and were
quarantined to prevent spread of the disease and for follow-up.
All remining travelers (87,842) were sent home for home
isolation and were followed up on adaily basis by telephoneto
determine any symptoms appeared.

Source of Data

We used data from the NEDSS from February to July 2020.
Descriptive data analysis was performed by time, person, and
place using Epi Info, version 7 (US Centersfor Disease Control
and Prevention). Attack rate was calculated asthe total number
of confirmed cases/100,000 population with the popul ation data
for 2020 obtained from the Department of Information Center
at MoHP.

Situation During the Early Phase of the
Epidemic

According to MoHP senior officials, Egypt passed thefirst wave
of the epidemic peak and entered the flattening phase of daily
cases in mid-June 2020, with the highest number of cases in
oneday (1774) reported on June 20. The number of cases started
to gradually drop during July, August, and possibly through
September, with the lowest number of cases (112) reported on
August 5 (Figures 1 and 2). Modeling studies suggested that
Egypt had succeeded in delaying the peak of the COVID-19
curve after the seventh week, with no exponential growth of
transmission rate identified [8].
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Figurel. (A) Daily new and (B) total numbers of COVID-19 casesin Egypt from February to July 2020 [9].
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Figure 2. Incidencerate of COVID-19 and average number of recoveriesin Egypt, February to July 2020. Source: Ministry of Health and Population
daily COVID-19 report.
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The overall number of cases by week started to rise in early  0.13 at theend of May. Similarly, the reproductive number (Rp)
May and peaked in mid-June, after which it started to decline  and herd immunity threshold declined from 6.5 to 1.6 and from
but did not reach the baseline (Figure 1, A and B) [9]. Themean  85% to 39%, respectively; meanwhile, the doubling time

weekly growth rate from February to May 2020 was 0.35 (SD  increased from 1.8 days to 15.6 days (Table 1) [10].
0.33), which declined over time from 1.18 in early March to

Table 1. Reproductive number (Rp) and corresponding herd immunity threshold of COVID-19 in Egypt, February-May 2020 [10].

Date (2020) Growth rate (weekly)? Doubling time (days)b Reproductive number® Herd immunity threshold (%)d
February 28 0 0 1 0
March 7 1.18 18 6.5 85
March 14 0.79 27 4.7 79
March 21 0.44 4.8 31 67
March 28 0.29 74 23 57
April 7 0.34 6.3 2.6 61
April 14 0.31 6.8 25 59
April 21 0.18 11.6 19 46
April 28 0.16 134 17 42
May 7 0.2 10.5 19 49
May 14 0.14 152 16 39
May 21 0.13 15.6 1.6 39

3\ean 0.35 (SD 0.33).

PMean 8.75 (SD 4.85).

‘Mean 2.6 (SD 1.55).

dMean 52 (SD 22).

Incidence of COVID-19 in Egypt by week pesked in the 14th  case; meanwhile, the average number recovered per week
week after thefirst case was confirmed in Egypt (15.4/1,000,000 constantly increased, reaching 625.0 by the 19th week after the
population) and declined to 6.29 in the 19th week after thefirst  first case wasreported (Figure 2). The casefatality rate showed
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apattern of 2 peaks, 1 each in weeks 1-4 and weeks 16-18, with
an increase after the declinein weeks 9-12, ranging from 2.57%

Abu El Sood et d

in weeks 9-10 t0 9.22% in week 1 (Figure 3).

Figure3. COVID-19incidencerate and case fatality ratein Egypt, February to July 2020. Source: Ministry of Health and Population daily COVID-19

report. CFR: case fatality rate.
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Overal, 102,789 COVID-19 cases were reported to NEDSSin
the study period, including 78,048 (43.2%) confirmed
COVID-19 cases, giving an incidence of 77.0 cases/1,000,000
population, and 3457 (4.4%) deaths were reported due to
COVID-19. Of the 78,048 case patients, 44,969 (57.6%) had
mild symptoms and were identified in outpatient clinics. The
middle age group (35-60 years) was the most affected;
meanwhile, the disease was rare in people <15 years of age,
representing 2.6% of all cases (2043/78,048), with dlightly more
mal e patients (40,621/78,048, 52%) than femal e (37,422/78,048,
48%). Of the 78,048 confirmed cases, 39,964 (51.2%) were
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admitted to hospital for health care, while 33,037 (48.8%) were
isolated at home or youth hostels for follow-up (Table 2).
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Among the 54,300 casesfor whom clinical datawere available,
the most prominent symptom was fever (45,188, 83.2%),
followed by cough (39,549, 72.8%), dyspnea (27,009, 49.7%),
and sorethroat (26,330, 48.5%). Of the 12,661 confirmed cases
for whom comorbidity data were available, 6845 (54.1%) had
a history of diabetes and 5816 (45.9%) had cardiovascular
disease, while only 274 (2.2%) were obese and 279 (2.2%) were
pregnant (Table 2).
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Table 2. Demographic, epidemiologic, and clinical characteristics of patients with confirmed COVID-19, National Egyptian Disease Surveillance,

February to July 2020.
Characteristic Value, n (%)
Suspected cases 102,789 (N/A)?
Confirmed cases 78,048 (43.2)
Source
Inpatient 44,969 (57.6)
Outpatient 33,079 (42.4)
Agegroup (years)
<1 223(0.3)
1-4 552 (0.7)
514 1268 (1.6)
15-34 20,197 (25.9)
35-64 44,948 (57.6)
265 10,855 (13.9)
Gender
Male 40,621 (52)
Female 37,422 (48)
Clinical pi(:tureb
Fever 45,188 (83.2)
Cough 39,549 (72.8)
Difficulty breathing 27,009 (49.7)
Sore throat 26,330 (48.5)
Joint pain 18,287 (33.7)
Diarrhea 6260 (11.5)
\Vomiting 4730 (8.7)
Pneumonia 23,503 (43.3)
Comor bidity®
Diabetes 6845 (54.1)
Cardiovascular disease 5816 (45.9)
Chronic obstructive pulmonary disease 2620 (20.7)
Rena 630 (5.0)
Liver 491 (3.9)
Pregnant 279 (2.2)
Obese 274 (2.2)
Immunocompromised 226 (1.8)
Isolation
Hospital isolation 39,964 (51.2)
Youth hostel 8380 (10.7)
Home isolation 29,704 (38.1)
Case fatality 3333 (4.3)

3N/A: not applicable.
BClinical data available for 54,300 cases.
CComorbidity data available for 12,661 cases.
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Incidence rate differed by region of residence, ranging from
60.3in Lower Egypt to 145.8/1,000,000 popul ation in the urban
governorates, while the case fatality rate (CFR) ranged from
2.8% in urban governorates to 5.4% in Lower Egypt

Abu El Sood et d

governorates. Dataanalysisindicated that highest incidencerate
and lowest CFR were identified in the urban governorates
(Figure 4).

Figure 4. Distribution of COVID-19 attack rates and case fatality rates by region, National Egyptian Disease Surveillance, February to July 2020.

Govs: governorates.
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Conclusions and coordination of different interventions to slow the spread

Egypt succeeded in containing the early stage of the COVID-19
epidemic. Containment measurestaken in the early stage of the
epidemic depended mainly on early case detection and tracing
and isolation of infected persons as well as on raising
community awareness to stop the disease from spreading.
Strengthening of mitigation efforts began when community-wide
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Abstract

Background: Extensively drug resistant typhoid fever (XDR-TF) has been responsible for an ongoing outbreak in Pakistan,
which began in November 2016.

Objective: This study aimed to determine the risk factors associated with XDR-TF.

Methods: Thisage- and sex-matched case-control study was conducted during May-October 2018 in Karachi. All patients with
XDR-TF were identified from the laboratory-based surveillance system data. Cases included patients aged <15 years living in
Karachi with culture-positive Salmonella enterica serovar Typhi with resistance to chloramphenicol, ampicillin,
trimethoprim/sulfamethoxazol e, fluoroguinol ones, and third-generation cephal osporins. Age- and sex-matched controlsincluded
children free from the symptoms of TF, aged under 15 years, and residing in Karachi. All controls were recruited from among
those who attended outpatient clinics.

Results: A total of 75 cases and 75 controls were included in this study. On univariate analysis, the odds of having XDR-TF
were 13-fold higher among participants who used piped municipal water than among those who did not (odds ratio [OR] 12.6,
95% Cl 4.1-38.6). The use of bore water was significantly associated with XDR-TF (OR 5.1, 95% Cl 1.4-19.0). Cases were more
likely to report eating French fries with sauce (OR 13.5, 95% CI 3.9-47.0) and poppadum (OR 3.4, 95% CI 1.7-6.7) from street
vendors than controls. Boiling water at home was negatively associated with XDR-TF (OR 0.3, 95% CI 0.2-0.7). On multivariate
analysis, 2 factors were independently associated with XDR-TF. Using piped municipal water (OR 10.3, 95% CI 3.4-30.4) and
eating French fries with sauce from street vendors (OR 8.8, 95% Cl 2.1-36.2) were significantly associated with an increased
odds of XDR-TF.

Conclusions: Community water supply and street food eating habits were implicated in the spread of the superbug S typhi
outbreak, which continues to grow in Karachi. Therefore, it is recommended to improve the community water supply to meet
recommended standards and to develop a policy to improve the safety of street food. In addition, health authorities are required
to conduct mass vaccination for TF among high-risk groups.

(JMIR Public Health Surveill 2021;7(5):€27276) doi:10.2196/27276
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Introduction

Typhoid fever is a preventable disease caused by Salmonella
enterica serovar Typhi (STyphi). A systematic review estimated
an occurrence of 26.9 million culture-confirmed cases annually
[1]. Typhoid fever affects high-risk populations in low- and
middle-income countries[2]. Vaccination, accessto clean wate,
and improved sanitation are effective means to prevent the
spread of typhoid.

Antibiotics are vital to the treatment of typhoid. However,
antibiotic-resistant pathogens have become increasingly
prevalent [3]. Antibiotic resistanceisan emerging public health
threat worldwide. S Typhi resistant to first-line antibiotics
(ampicillin, trimethoprim/sulfamethoxazole, and
chloramphenicol) was initially considered multidrug-resistant.
Reduced susceptibility to second-line drugs (ie,
fluoroquinolones) has al so been widely reported since these had
then emerged asthe preferred treatment for multidrug-resistant
typhoid fever. Ceftriaxone and azithromycin are now used to
treat patients with typhoid fever, who are nonresponsive to
fluoroquinolones and first-line drug treatments [4].

In November 2016, the first ever recorded outbreak of
extensively drug resistant typhoid fever (XDR-TF)
(characterized by resistance to ampicillin,
trimethoprim/sulfamethoxazole, chloramphenicol,
fluoroquinolones, and ceftriaxone) was identified in the Sindh
Provincein Pakistan. Afterward, increased numbers of XDR-TF
cases have been reported from different parts of the country,
which were associated with abysmal sawage and water systems,
coupled with low vaccination rates and overpopulated city
dwellings [5]. Sporadic cases of XDR-TF have been reported
worldwide, thusraising the fear of antibiotic failure at a global
level [5].

A robust |aboratory-based surveillance system for XDR-TF was
established in Karachi (Sindh Province) in December 2018.
This study aimed to determine factors associated with XDR-TF
among children under 15 years of agein Karachi.

Methods

Study Design and Setting

Thisage- and sex-matched case-control study (75 casesand 75
controls) was conducted during May-October 2018 in Karachi,
the capital city of Sindh Provincein Pakistan. All patients with
XDR-TF wereidentified from the laboratory-based surveillance
system data through simple random sampling. If the patient
provided incompleteinformation or did not agree to participate,
another case was chosen at random. Cases included patients
with culture-positive S Typhi resistant to chloramphenicol,
ampicillin, trimethoprim-sulfamethoxazole, fluoroquinolones,
and third-generation cephalosporins, who are aged <15 years
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and living in Karachi. Cases aged over 15 years and those who
are not permanent residents of Karachi were excluded. Age-
and sex-matched controls included children who are free from
the symptoms of typhoid fever, aged under 15 years, and
residents of Karachi. Those who had experienced fever within
the past 1 month were excluded. All controls were recruited
from among those who attended outpatient clinics. This study
was conducted after the formal approval of the Director General
Health Services, Government of Sindh, and ethical approval
was obtained from the ethics review board of Mohammad
Medical College, Sindh. Verbal consent was obtained from the
guardians or parents of the participants before obtaining data,
and patient confidentiality was maintained by alotting a serial
number to each participant.

Data Collection

For both cases and controls, face-to-face interviews were
conducted with caregivers or parents, using a standardized
guestionnaire. The questionnaire collected information about
the participants’ demographic and clinical characteristics and
modifiable risk factors. For cases, information was sought for
a period of exposure from 3 weeks prior to the onset of
symptoms; for controls, information was sought for a period
from 3 weeks prior to the date of the interview. Other questions
included those related to sources of drinking water, boiling of
water for domestic use, and street food eating habits among
children, including the consumption of poppadum, French fries
served by default with homemade sauce, and ice cream.

Environmental Samples

Water samples were obtained from the houses of infected cases
and sent to the Pakistan Council of Research in Water Resources
(Karachi). All samples were tested for the presence of fecal
coliform bacteria, turbidity, and pH. Sampleswere not obtained
from the controls owing to the lack of resources.

Statistical Analysis

Data are expressed as means and percentages. Univariate and
multivariate analyses were conducted using binary logistic
regression to determine factors associated with XDR-TF. Odds
ratios (ORs) and their corresponding 95% CI values were
reported. A P value of <.05 was considered significant. Epi
Info (version 7, Centers for Disease Control and Prevention)
was used for statistical analysis.

Results

Participants Characteristics

A total of 75 cases and 75 controls were included in this study.
Among cases, males were predominant (n=40, 53%). Almost
half (n=34, 45%) of the cases aged 5-9 years (mean 6.5 years,
range 1-177 months). The majority of cases (97%) and controls
(96%) were not vaccinated against typhoid (Table 1).
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Table 1. The characteristics of 75 cases of extensively drug resistant typhoid fever and 75 age- and sex-matched controlsin Karachi, Pakistan, in 2018.

Characteristics

Cases (n=75), n (%)

Controls (n=75), n (%)

Gender
Male 40 (53)
Female 35 (47)
Age (years)
0-4 27 (36)
59 34 (45)
10-14 14(19)
Household income
<US$125 60 (80)
>US $125 15 (20)
Vaccinated for typhoid
Yes 23
No 73(97)
Residential area
Urban 54 (72)
Rural 21 (28)

40 (53)
35 (47)

27 (36)
34 (45)
14 (19)

50 (67)
25 (33)

34
72 (96)

40 (53)
35 (47)

Univariate Analysis

Onunivariate anaysis, the odds of having XDR-TF was 13-fold
higher among participantswho used piped municipal water than
among those who did not (OR 12.6, 95% Cl 4.1-38.6). The use
of bore water was significantly associated with XDR-TF (OR

5.1, 95% CI 1.4-19.0). Cases were more likely to report eating
French fries with sauce (OR 13.5, 95% CI 3.9-47.0) and
poppadum (OR 3.4, 95% CI 1.7-6.7) from street vendors than
controls. Boiling water at home was negatively associated with
XDR-TF (OR 0.3, 95% CI 0.2-0.7) (Table 2).

Table 2. Univariate analysis of risk factors among 75 cases of extensively drug resistant typhoid fever and 75 age- and sex-matched controls enrolled

in this study in Karachi, Pakistan, in 2018.

Factors Oddsratio (95% Cl) P value
Drinking water source
Bottled water Ref® N/AP
Piped municipal water 12.6 (4.1-38.6) <.001
Bore water 5.1 (1.4-19.0) .01
Tanker water 3.8(0.8-17.6) .08
Water treatment: boiling drinking water (yesvsno) 0.3 (0.2-0.7) .003
Common street food eating habits
French fries with sauce (yes vs no) 13.5(3.9-47.0) <.001
Ice cream (yes vs no) 2.3(1.0-5.1) .05
Poppadum (yes vs no) 3.4(1.7-6.7) <.001
Vaccination against typhoid (yes vs no) 0.7 (0.1-4.2) .65

8Ref: reference for comparison.
BNI/A: not applicable.

Multivariate Analysis

On multivariate analysis, 2 factors were independently
associated with XDR-TF. Using piped municipal water (OR
10.3, 95% CI 3.4-30.4) and eating French frieswith sauce from
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street vendors (OR 8.8, 95% CI 2.1-36.2) were significantly
associated with increased odds of XDR-TF.
Environmental Samples

Of the 75 water samples collected, 51 (68%) showed the
presence of fecal coliform bacteria.
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Discussion

Principal Findings

Previous studies, 2 of which were conducted in Pakistan, have
suggested that children under 15 years of age are more likely
to be affected by typhoid fever in endemic countries than those
who areolder than 15 years[6-9]. In this study, numerous cases
were predominantly children aged under 15 years. Thismay be
associated with high-risk eating behavior, poor hygiene practices
in school and community settings, and lower immunity [10,11].
However, some studies have reported contrary findings and
showed that the more likely affected age group involved those
aged over 15 years[12,13].

Most of the XDR-TF cases were males, which is concurrent
with previous reports from Pakistan and Uganda [7,12].
Although some studiesfound femalesto be predominant [13,14],
which may be expected owing to different cultural and social
normsin different countries.

Socioeconomic status has been discussed in the fundamental
cause theory of health inequalities, stating it to be arisk factor
for deteriorated health outcomes over time[15,16]. Furthermore,
a low socioeconomic status is associated with higher odds of
TF [17,18]. In this study, most cases belonged to alower social
background. Lower socioeconomic groups usualy consume
unsafe drinking water, are unabl e to purchase vaccines (because
the typhoid vaccineis not included in the routine immunization
schedule of Pakistan), have poor accessto health care, and have
less knowledge about the disease [19,20].

Urban regions of Karachi are highly populated and face multiple
problems such as a poor drainage system that contaminates the
water supply, poor garbage disposal, and environmental and
sanitation problems. In this study, more cases were reported
from the urban areas of Karachi. However, some studies have
reported an even distribution of cases in urban and rural areas
[21].
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In this study, 3% of cases and 4% of controls were found to be
vaccinated against TF. The low prevalence of vaccination is
attributed to the high cost of the vaccine and absence of the
vaccine in the Expanded Programme on Immunization. This
small number of vaccinated individuals deterred us from
establishing a relationship between a lower vaccination status
and XDR-TF. A systematic review reported that typhoid
vaccines are efficacious for the prevention of TF [22].

The use of piped municipal water was associated with increased
oddsof XDR-TF. Laboratory analysis of water samplesreveaed
the presence of fecal coliform bacteria in the water supply in
townsin Karachi, which indicates fecal contamination of water,
whichin turn suggeststhat the water supply may harbor STyphi
along with other pathogens transmitted through the fecal-oral
route [23,24]. A meta-analysis reported that the risk of TF is
2-fold when using unsafe drinking water [17]. Furthermore, 2
outbreak investigation studies reported that contaminated or
untreated water was the main contributor to the outbreak [12,21].
The other factor associated with the outbreak wasthe street food
eating habits of children. In line with this finding, beverages
from street vendors have also been implicated in an outbreak
in Uganda[12].

Limitations

One of the limitations of this study is that we were unable to
acquire food samples from street food vendors. Future studies
should include food sampling as well. We were able to detect
fecal coliform bacteriain the water samples but were unable to
isolate S Typhi because this facility is not available in water
testing laboratories in Karachi.

Conclusions

Community water supply and street food eating habits are
implicated in the spread of the XDR-TF outbreak, which
continues to grow in Karachi. Therefore, it is recommended to
improve community water supply to meet recommended
standards and to develop apolicy to improve the safety of street
food. In addition, health authorities should conduct mass
vaccination against TF for high-risk groups.
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Abstract

Background: Cutaneous leishmaniasis (CL) isendemic in Yemen. About 4440 cases were reported in 2019. On July 23, 2018,
a Hajjah governorate surveillance officer notified the Ministry of Public Health and Population about an increase in the number
of CL casesin Bani-Oshb, Kuhlan district, Hajjah governorate. On July 24, 2018, Yemen Field Epidemiology Training Program
sent ateam to perform an investigation.

Objective: We aimed to describe a CL outbreak in Hajjah governorate and determine its risk factors.

Methods: A descriptive study and case-control study (1:1 ratio) were conducted. Cases included people who met the suspected
or confirmed case definition of the World Health Organization and lived in Bani-Oshb subdistrict during the period from August
2017 to July 2018. Controls included people living for at least 1 year in Bani-Oshb without new or old skin lesions. Crude odds
ratios (CORs) and adjusted odds ratios (aORs) with 95% Cl were used to test the significance of associations.

Results: Weidentified 30 CL cases. Among the 30 patients, 7 (23%) were younger than 5 years, 17 (57%) were 5 to 14 years,
17 (57%) were females, and 23 (77%) had one lesion. The attack rate was 7 per 1000 population in the age group <15 years and
1 per 1000 population in the age group =15 years. On bivariate analysis, the following factors were significantly associated with
CL: female gender (cOR 5.2, 95% CI 1.7-16.5), manutrition (cOR 5.2, 95% Cl 1.7-16.5), not using a bed net (cOR 14.5, 95%
Cl 1.7-122.4), poor houselighting (cOR 6.4, 95% CI 2.1-19.7), poor house hygiene (cOR 11.2, 95% Cl 3.1-40.7), poor sanitation
(cOR 14.5, 95% CI 1.7-122.4), living in houses without window nets (cOR 5.2, 95% Cl 1.3-21.2), plantation around the house
(cOR 6.5, 95% ClI 2.1-20.5), animal barn inside or close to the house (cOR 9.3, 95% Cl 1.9-46.7), raising animals (cOR 8.1, 95%
Cl 1.6-40.7), and having animal dung in or near the house (cOR 6.8, 95% CI 1.7-27.7). The following risk factors remained
significant on multivariate stepwise analysis: female gender (aOR 22.7, 95% Cl 1.6-320.5), malnutrition (aOR 17.2, 95% ClI
1.3-225.8), poor house hygiene (aOR 45.6, 95% Cl 2.5-846.4), plantation around the house (aOR 43.8, 95% CI 1.9-1009.9), and
raising animals (aOR 287.1, 95% Cl 5.4-15205.6).

Conclusions: CL was endemic in Hajjah governorate, and an increase in cases was confirmed. Many individual, housing, and
animal related factors were shown to contribute to CL endemicity. |mplementation of control measures directed toward altering
the factors favoring contact among vectors, reservoirs, and susceptible humans is strongly recommended to control future
outbreaks.

(JMIR Public Health Surveill 2021;7(5):€27442) doi:10.2196/27442
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Introduction

Leishmaniasisisaparasitic disease that isfound in parts of the
tropics, subtropics, and southern Europe. It is caused by
infection with Leishmania parasites, which are spread by the
bite of infected sand flies [1,2]. There are different forms of
leishmaniasis. The most common form is cutaneous
leishmaniasis (CL), which causes skin sores [1]. Most people
have CL without any symptoms or signs [3]. People who
develop clinical evidence of infection have one or more sores
on their skin. The sores can changein size and appearance over
time. The sores may start as nodules and may end up as ulcers
like a volcano, with araised edge and central crater [1].

Globally, approximately 700,000 to 1 million new cases and
26,000 to 65,000 deaths occur annually [4,5]. The disease is
associated with malnutrition, population displacement, poor
housing, aweak immune system, and poor socioeconomic status
[4]. In the Eastern Mediterranean Region (EMR), it has been
reported in many countries, including Afghanistan, Iran, Irag,
Pakistan, and Syria[4]. The EMR accounts for 70% of the CL
cases worldwide [4].

CL is endemic in the north-western region of Yemen [6-8].
About 4440 CL cases were reported in 2019 [9]. On July 23,
2018, a Hajjah governorate surveillance officer notified the
Ministry of Public Health and Population about an increase in
the number of CL cases in Bani-Oshb, Kuhlan district, Hajjah
governorate. On July 24, 2018, Yemen Field Epidemiology
Training Program sent ateam to perform an investigation.

This study aimed to confirm the existence of a CL outbreak in
Bani-Oshb, describe the characteristics of CL by person, place,
and time, and determine the risk factors of a CL outbreak.

Methods

Study Area

This study was conducted in Bani-Oshb subdistrict in Kuhlan
Affar district, Hajjah governorate, Yemen. It has a population
of 7453 persons (The Immunization Department of The Public
Health and Population Office, Kuhlan Affar district, unpublished
data, 2017). It has only one health unit, but it is not functional.
It israiny in summer and cold and dry in winter. Most people
in Bani-Oshb have cattle and farms. They depend on raising
animals and agricultural activities, and their houses are
surrounded by farms and trees.

Study Design

Thisinvestigation consisted of descriptive and analytic studies.
A line list was developed to collect data, and an active
house-to-house search was performed. The World Health
Organization (WHO) case definition for CL was used [10]. A

https://publichealth.jmir.org/2021/5/€27442

suspected case was defined as the presence of clinical signs
(skin lesions) without parasitological confirmation of the
diagnosis. A confirmed case was defined as the presence of
clinical signswith parasitological confirmation of the diagnosis
(positive smear or culture from a skin lesion).

A case-control study design was used to determine the risk
factors associated with CL (30 cases and 30 controls). Cases
included people who met the suspected or confirmed case
definition of the WHO and lived in Bani-Oshb subdistrict during
the period from August 2017 to July 2018. Controls included
people living in the house without any recorded new or old skin
lesions among house members according to the household and
examination of amedical doctor, and living for at least 1 year
in Bani-Oshb without new or old skin lesions.

Data Collection and Diagnosis

A structured questionnaire was used to collect data on
individual, housing, and animal related characteristics. Data
were collected on different variables, including age, gender, use
of bed nets, house lighting, house hygiene (daily routine of
cleaning rooms and disposal of garbage), sanitation (presence
of a latrine with safe disposal of human waste), plantation
around the house, animal barn inside or close to the house,
raising of animals, and animal dung in or near the house. The
data on these variables were self-reported by the participants
or obtained by observation. One member of the research team
collected 22 skin scrapings (small quantities of tissue) from
cases. The tissues were directly smeared on glass dlides, air
dried, and fixed with methanol for a few seconds. After 20
minutes of staining, the slides were washed with water and | eft
todry in air. Then, the stained smears were sent to the National
Central Public Health Laboratories. The laboratory result was
considered positive if an amastigote was seen or negative if an
amastigote was not seen after 15 minutes of inspection.

Data Analysis

Datawere analyzed using Epi Info version 7.2 [11]. Datawere
described using percentages. Crude odds ratios (CORS) or
adjusted odds ratios (aORs) with 95% Clswere used to test the
significance of associations in bivariate and multivariate
stepwise analyses. A P value <.05 was considered statistically
significant.

Results

Patient Characteristics

A total of 30 cases of leishmaniasis were found in Bani-Oshb
subdistrict during the period from August 2017 to July 2018.
The number of cases started to increase in January 2018 and
reached a peak in July 2018 (Figure 1).
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Figure 1. Thedistribution of cutaneous leishmaniasis cases by time in Bani-Oshb, Hajjah governorate from August 2017 to July 2018 (N=30).

8,

Number of cases

Table 1 shows the characteristics of the CL cases. Of the 30
patients, 7 (23%) were younger than 5 years, 17 (57%) were
aged 5 to 14 years, and 6 (20%) were older than 14 years.
Additionally, females represented 17 (57%) cases. Moreover,
23 (76%) patients had one lesion, 4 (14%) had two to three
lesions, and 3 (10%) had more than three lesions. The face was
the most affected part of the body (20/30, 67%), followed by

https://publichealth.jmir.org/2021/5/€27442
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the lower limbs (4/30, 13%) and upper limbs (3/30, 10%). In
10% (3/30) of cases, both the face and limbswere affected. Bait
Rokn and Bait Alfrwi were the most affected villages with 12
(40%) cases. The attack rate was 7 per 1000 population in the
age group <15yearsand 1 per 1000 population in the age group
>15 years. Among 22 skin scraping samples, 21 (96%) were
positive, and leishmaniasis amastigotes were seen.
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Table 1. Characteristics of cutaneous leishmaniasis cases (N=30).
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Characteristic Value, n (%)
Age (years)
<5 7 (23%)
514 17 (57%)
>15 6 (20%)
Sex
Female 17 (57%)
Male 13 (43%)
Village of residence
Bait Rokn 6 (20%)
Bait Alfrwi 6 (20%)
Bait Jomaan 4 (13%)
Al Wadi 3 (10%)
Fralah 3(10%)
Al Obal 2 (7%)
Bani Bram 2(7%)
Bait Za'ahl 2 (7%)
Bait Alwali 1(3%)
Arshan 1(3%)
Number of lesions
1 23 (76%)
2 2 (7%)
3 2 (7%)
>3 3 (10%)
Site of lesions
Face 20 (67%)
Lower limbs 4 (13%)
Upper limbs 3 (10%)
Face and limbs 3 (10%)

Factors Associated With CL

Table 2 shows the bivariate analysis for associated risk factors
of CL. Female gender (cOR 5.2, 95% Cl 1.7-16.5), malnutrition
(cOR 5.2, 95% CI 1.7-16.5), and not using abed net (cOR 14.5,
95% Cl 1.7-122.4) were associated with increased odds of CL.
Poor house lighting (cOR 6.4, 95% CI 2.1-19.7), poor house
hygiene (cOR 11.2, 95% CI 3.1-40.7), and poor sanitation (COR
14.5, 95% Cl 1.7-122.4) were associated with higher odds of
CL. Moreover, other risk factors were identified, including
living in houses without window nets (cOR 5.2, 95% ClI
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1.3-21.2), plantation around the house (cOR 6.5, 95% ClI
2.1-20.5), animal barn inside or close to the house (cOR 9.3,
95% Cl 1.9-46.7), raising animals (COR 8.1, 95% CI 1.6-40.7),
and having animal dung in or near the house (cOR 6.8, 95% CI
1.7-27.7).

Thefollowing risk factors remained significant on multivariate
stepwise analysis (Table 3): female gender (aOR 22.7, 95% Cl
1.6-320.5), malnutrition (aOR 17.2, 95% CI 1.3-225.8), poor
house hygiene (aOR 45.6, 95% Cl 2.5-846.4), plantation around
the house (aOR 43.8, 95% Cl 1.9-1009.9), and raising animals
(aOR 287.1, 95% CI 5.4-15205.6).
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Table 2. Bivariate analysis of associated risk factors of cutaneous leishmaniasisin Bani-Oshb, Hajjah governorate from August 2017 to July 2018.

Risk factor Cases (n=30), n (%) Controls (n=30), n (%) cOR?(95% ClI) P value

Age (years) 0.8(0.2-2.9) 74
<15 24 (80%) 25 (83%)
215 6 (20%) 5 (17%)

Sex 5.2 (1.7-16.5) .003
Female 17 (57%) 6 (20%)
Male 13 (43%) 24 (80%)

Malnutrition 5.2 (1.7-16.5) .003
Yes 24 (80%) 13 (43%)
No 6 (20%) 17 (57%)

Bed net use 145 (1.7-122.4) .002
Never 29 (97%) 20 (67%)
Use 1(3%) 10 (33%)

House lighting 6.4 (2.1-19.7) <.001
Poor 22 (73%) 9 (30%)
Good 8 (27%) 21 (70%)

House hygiene 11.2(3.1-40.7) <.001
Poor 26 (87%) 11 (37%)
Good 4(13%) 19 (63%)

Sanitation 14.5 (1.7-122.4) .003
Poor 29 (97%) 20 (67%)
Good 1(3%) 10 (33%)

Windows of the house 52(1.3-21.2) .02
Without net 27 (90%) 19 (63%)
With net 3 (10%) 11 (37%)

Plantation around the house 6.5(2.1-20.5) <.001
Yes 20 (67%) 7 (23%)
No 10 (33%) 23 (77%)

Animal barn inside or closeto the house 9.3(1.9-46.7) .002
Yes 28 (93%) 18 (60%)
No 2 (7%) 12 (40%)

Raising animals 8.1(1.6-40.7) .004
Yes 28 (93%) 19 (63%)
No 2 (7%) 11 (37%)

Animal dungin or near the house 6.8 (1.7-27.7) .003
Yes 27 (90%) 17 (57%)
No 3 (10%) 13 (43%)

%OR: crude odds ratio.
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Table 3. Risk factors on multivariate stepwise analysis in Bani-Oshb, Hajjah governorate from August 2017 to July 2018.

Risk factor Cases (n=30), n (%) Controls (n=30), n (%) aOR?(95% ClI) P value

Sex 22.7 (1.6-320.5) 02
Female 17 (57%) 6 (20%)
Male 13 (43%) 24 (80%)

Malnutrition 17.2(1.3-225.8) .03
Yes 24 (80%) 13 (43%)
No 6 (20%) 17 (57%)

House hygiene 45.6 (2.5-846.4) .01
Poor 26 (87%) 11 (37%)
Good 4(13%) 19 (63%)

Plantation around the house 43.8 (1.9-1009.9) .02
Yes 20 (67%) 7 (23%)
No 10 (33%) 23 (77%)

Raising animals 287.1 (5.4-15205.6) .005
Yes 28 (93%) 19 (63%)
No 2 (7%) 11 (37%)

850R: adjusted odds ratio.

Discussion

Principal Findings

A total of 30 caseswith leishmaniasiswere found in Bani-Oshb
subdistrict during the period from August 2017 to July 2018.
Our results showed that most CL cases involved patients
between the ages of 5 and 14 years and involved females.
Additionally, most cases involved onelesion. The face wasthe
most affected part of the body. We also observed that many
individual, housing, and animal related factors, such as
malnutrition, poor house hygiene, plantation around the house,
and raising animals, were significantly associated with CL
infection.

The number of cases showed an increasein January and reached
apeak in July. This might be due to the rainy season, which is
afavorable time for sand fly activity and breeding [8,12]. The
age group less than 15 years was the most affected, with an
attack rate of 7 per 1000 population. This finding might be
explained by the fact that children are usually not aware about
how to protect themselves from bites of sand flies. Besides,
children spend most of their time outdoors. This finding is
similar to the findings in other studies from Taiz and central
Yemen governorates, aswell asIran [8,13,14].

Femaleswere morelikely to beinfected than males. Thismight
be explained by thefact that rural women in Hajjah governorate
perform different tasks, including domestic animal care, getting
water, and agricultural activities, which increase their probability
of exposure to sand fly bites. This finding is consistent with
findings in studies from Iran and Lebanon [14,15]. However,
this finding disagrees with findings in other studies from Lahj,
Hajjah, and Amran [6,7,12].

https://publichealth.jmir.org/2021/5/€27442

More than three-quarters of CL cases had one lesion. This
finding confirms the findings of previous studies from Lahj,
Hajjah, Taiz, and Nepal [6-8,16]. In agreement with thefindings
of other studies[6,7,12], two-thirds of cases had lesions on their
faces, and this might be because the face is the most exposed
part of the body.

Malnutrition was found to be significantly associated with
increased risk of CL infection, which may be due to increased
individual susceptibility to infection with CL. Few studies have
confirmed the rel ationship between malnutrition and risk of CL
[17,18].

Not using a bed net was significantly associated with increased
risk of CL infection. This might be due to the absence of
personal protection against the vector. Thisfinding is consistent
with the findings of studies from Ethiopia, Waziristan, and
Turkey [5,19,20]. However, it is not consistent with the findings
of other studiesfrom Kenya, Bolivia, Thailand, and Afghanistan
[2,21-23].

This investigation indicated that there was an association
between CL infection and poor housing characteristics, including
poor lighting, house hygiene, and sanitation. These findings
might be explained by the fact that such conditions are favorable
for the activity and breeding of sand flies. Similar findings have
been reported in Amran governorate [12]. Moreover, living in
houses without window nets was associated with an increased
risk of CL, possibly because of increased exposureto sand flies.
One study from Afghanistan did not report a significant
association between living in houses without windows and CL
[23]. Furthermore, there was an associ ation between plantations
around the house and CL. This finding is consistent with the
findings of studies from Kenya, Amran, Waziristan, Sri Lanka,
and Palestine [2,12,19,24,25] and is not consistent with the
findings of astudy from Thailand [22]. Additionally, having an
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animal barn inside or close to the house was associated with
CL, which hasbeen reported in other studiesfrom Taiz, Amran,
and Turkey [8,12,20], but not in astudy from Thailand in 2016
[22].

There was an association between animal-related factors and
CL infection. Animals seem to be an important reservoir for
maintaining the life cycle of many Leishmania species and
transmission of infection. Similar findings were reported in
studies from Taiz, Amran, Ethiopia, Turkey, and Paestine
[5,8,12,20,25], but not in a study from Thailand [22].
Furthermore, animal dung in or closeto the houseincreased the
risk of CL infection becausethis creates afavorable environment
to attract sand fliesinto human settlements. Thisfinding agreed
with the findings of a study from Turkey [20].

However, some of the abovementioned significant risk factors
identified in bivariate analysis, which were also reported in
previous studies, did not remain significant on multivariate
stepwise analysis (eg, bed net use, house lighting, and
sanitation). This may be because of the small sample size of
this study or because those factors were not risk factors in the
studied community.
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Abstract

Background: Hyderabad, Pakistan, was the first city to witness an outbreak of extensively drug resistant (XDR) typhoid fever.
The outbreak strain is resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, fluoroquinolones, and
third-generation cephal osporin, thus greatly limiting treatment options. However, despite over 5000 documented cases, information
on mortality and morbidity has been limited.

Objective: To address the existing knowledge gap, this study aimed to assess the morbidity and mortality associated with XDR
and non-XDR Salmonella serovar Typhi infections in Pakistan.

Methods: We reviewed the medical records of culture-confirmed typhoid cases in 5 hospitals in Hyderabad from October 1,
2016, to September 30, 2018. We recorded data on age, gender, onset of fever, physical examination, serological and microbiological
test results, treatment before and during hospitalization, duration of hospitalization, complications, and deaths.

Results: A total of 1452 culture-confirmed typhoid cases, including 947 (66%) XDR typhoid cases and 505 (34%) non-XDR
typhoid cases, were identified. Overal, =1 complications were reported in 360 (38%) patients with XDR typhoid and 89 (18%)
patients with non-XDR typhoid (P<.001). Ileal perforation was the most commonly reported complication in both patients with
XDR typhoid (n=210, 23%) and patients with non-XDR typhoid (n=71, 14%) (P<.001). Overdl, mortality was documented
among 17 (1.8%) patients with XDR S Typhi infections and 3 (0.6%) patients with non-XDR S Typhi infections (P=.06).

Conclusions: Asthisfirst XDR typhoid outbreak continues to spread, the increased duration of illness before hospitalization
and increased rate of complications have important implications for clinical care and medical costs and heighten the importance
of prevention and control measures.

(IMIR Public Health Surveill 2021;7(5):e27268) doi:10.2196/27268

KEYWORDS

antimicrobial resistance; complications; control drug resistance; extensive drug resistance; hospitalization; Hyderabad; ileal
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Introduction Methods
Typhoid fever is caused by Salmonella enterica serovar Typhi  The medical records of all hospitalized patients with

(hereinafter referred to as “Typhi”) and is characterized by
prolonged fever, headache, nausea, loss of appetite, constipation,
or diarrhea[1]. Globally, South Asiaaccountsfor moretyphoid
fever cases each year than any other geographic region [2,3].
An estimated 11-21 million cases of typhoid fever and
approximately 128,000-161,000 deaths are reported annually
[3]. Among countries in South Asia, Pakistan has the highest
estimated incidence rate of typhoid fever (493.5 per 100,000
persons/year) [4,5]. Treatment of enteric fever has been
complicated by the development and rapid global spread of
typhoidal organisms resistant to ampicillin,
trimethoprim-sulfamethoxazole, and  chloramphenical.
Additionally, the development of increasing resistance to
fluoroquinolones is a growing challenge [6]. Since the
extensively drug resistant (XDR) Typhi outbreak began in
Hyderabad in late 2016 [7], typhoid fever cases in Pakistan
increased, particularly in Hyderabad and other parts of Sindh
province; thisis attributed to the circulating XDR Typhi strain

[8l.

The most common serious and fatal complication of typhoid
fever is intestinal perforation [9]. Even though many
advancements have been made in patient care, morbidity and
mortality rates remain high among patients with typhoid
perforation, especialy in low- and middle-income countries
[10,11]. The high incidence of typhoid ilea perforations in
developing countries is reportedly associated with delayed
diagnosis and treatment and the emergence of antibiotic
resistance. Once complications appear, patients require
hospitalization and sometimes tertiary care [12]. Postoperative
complications and mortality are common [13].

In November 2016, a multidrug-resistant Typhi strain that is
resistant to ampicillin, chloramphenicol, and
trimethoprim-sulfamethoxazol e and additionally to ciprofloxacin
and ceftriaxone was identified in patients hospitalized in
Hyderabad, Pakistan. This XDR Typhi strain belongs to the
H58 lineage and includes a plasmid-mediated blaCTX-M-15
extended-spectrum -lactamase [14]. Typhoid cases have since
been identified in Hyderabad, Karachi, and in other districts of
Sindh province, and over 5372 caseswere reported by December
2018. As of that month, no isolates resistant to azithromycin or
a carbapenem had been reported. Despite the large number of
cases, littleinformation on mortality and morbidity attributable
to XDR Typhi infections has been available. To address this
knowledge gap, this study aimed to assess the morbidity and
mortality associated with XDR and non-XDR Typhi infections
in Hyderabad, Pakistan.

https://publichealth.jmir.org/2021/5/e27268

culture-confirmed typhoid fever between October 1, 2016, and
September 30, 2018, at the 5 major hospitals in Hyderabad,
including Liaguat University City, Jamshoro, Shah Bhittai,
Qasimabad, and Peratabad Hospitals, were reviewed.
Subsequently, the pediatric, medical, and surgical ward records
of al identified cases were also reviewed. We obtained ethics
approval from theingtitutional review board of Liagat University
of Medical Sciences, Jamshoro, and administrative approvals
from al the participating hospitals.

We collected data on demographic characteristics, date of fever
onset, illness duration and antibiotic history before
hospitalization, physical examination findings, results of
serological and microbiologic tests, treatments prescribed or
administered in hospital, date of recovery, duration of
hospitalization, complications (including ileal perforation,
septicemia, cholecystitis, pneumonia, jaundice, encephal opathy,
meningitis, and deaths), and antimicrobial susceptibility of
Typhi isolates. XDR Typhi cases were defined as those whose
isolates were resistant to the 5 aforementioned agents. Ileal
perforations were diagnosed if biopsy reports indicated “a
hollow viscous perforation of theterminal part of theileal wall”
and pus culture sensitivity reports indicated an XDR status
among patients with ileal perforation.

Data were recorded using a specially designed questionnaire
and transferred to acomputerized database for statistical analysis
in Epi Info (Centers for Disease Control and Prevention). The
dataare expressed as mean, median, and percentage values. The
chi-square test was used to compare percentages and the
Mann—Whitney U test was used to compare medians. A P value
of <.05 was considered significant.

Results

A total of 1452 cases of culture-confirmed typhoid fever were
identified from in-patient departments of 5 hospitals in
Hyderabad during the study period. Patient ages ranged 1-80
(mean 14, median 22) years. More than half (n=791, 55%) of
the patients were aged between 2 and 10 years. Almost
two-thirds (n=915, 63%) of patientswere male. Thetotal number
of monthly cases ranged from 2 in October 2016 to 98 in May
2018. Typhi isolates from approximately two-thirds of cases
(n=947, 66%) were XDR, while the remainder (n=505, 35%)
were non-XDR. Patients with non-XDR typhoid belonged to a
dlightly younger age group. Maes accounted for similar
proportions of XDR and non-XDR cases (64% and 62%,
respectively) (Table 1).

The signs and symptoms in patients with XDR typhoid and
those with non-X DR typhoid on hospital presentation were very
similar (Table 2).
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Table 1. Age and gender distribution of hospitalized patients with XDR? typhoid and those with non-XDR typhoid in Hyderabad, Pakistan, from

October 1, 2016, to September 30, 2018 (N=1452).

Characteristics XDR typhoid cases (n=947), n (%) Non-XDR typhoid cases (n=505), n (%) All cases, n (%)
Age (years)
0-5 308 (33) 209 (42) 517 (36)
6-10 236 (25) 134 (27) 370 (26)
11-15 72(8) 47 (9) 119 (8)
16-25 142 (15) 43(8) 185 (13)
>25 189 (20) 72 (14) 120 (8)
Gender
Male 601 (54) 313(62) 915 (63)
Female 345 (45) 192 (38) 537 (37)

X DR: extensively drug resistant; resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, ciprofloxacin, and ceftriaxone.

Table 2. Signs and symptoms of patients with X DR® typhoid and those with non-XDR typhoid on hospital admission in Hyderabad, Pakistan, from

October 1, 2016, to September 30, 2018 (N=1452).

XDRtyphoid cases (n=947),n (%) Non-XDR typhoid cases (n=505), n (%) All cases, n (%)

Signs and symptoms

Fever (body temperature of <40°C 947 (100)
Anorexia 947 (100)
Headache 650 (68)
Abdominal pain 493 (52)
Diarrhea 488 (52)
Vomiting 385 (40)
Signs of anemia 360 (38)
Signs of toxicity 237 (25)
Constipation 210 (22)
Intestinal distension 218 (23)

505 (100) 1452 (100)
505 (100) 1452 (100)
306 (60) 956 (65)
297 (58) 790 (54)
297 (58) 785 (54)
196 (38) 581 (40)
89 (17) 449 (30)
73 (14) 310 (21)
71 (14) 281 (19)
72 (14) 290 (19)

X DR: extensively drug resistant; resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, ciprofloxacin, and ceftriaxone.

The duration of illness between fever onset and hospitalization
ranged 5-28 (median 20) days for patients with XDR typhoid,
and 5-30 (median 13) days for those with non-XDR typhoid
(P<.001). The conventional antibiotics taken before
hospitalization among patients with XDR typhoid were
ceftriaxone and ampicillin, whereas those among patients with
non-X DR typhoid were cefixime, cephal osporin, and quinol ones.
In the hospitals, all patients with XDR typhoid were treated
with a carbapenem or macrolides with amedian hospitalization
duration of 9.5 (range 2-25) days, while those with non-XDR
typhoid were treated with cephalosporin and cefixime (n=483,
33%) and with ceftriaxone and ampicillin (n=22, 1.5%) with
the median hospitalization duration of 6.5 (range 2-15) days.

Overall, 21 complications were reported in 360 (38%) patients
with XDR and in 89 (18%) patients with non-XDR typhoid

https://publichealth.jmir.org/2021/5/e27268

(P<.001). Ileal perforation was the most commonly reported
complication in both patientswith XDR (n=210, 23%) and those
with non-XDR (n=71, 14%) typhoid (P<.001). Septicemiawas
the second-most commonly reported complication among both
patientswith XDR (n=97, 11%) and thosewith non-XDR (n=9,
1.7%) typhoid (Table 3).

The median duration of prehospitalization illness was longer
among patients with complications (range 7-30 days, median
22 days) than among those without complications (range 5-25
days, median 6 days) (P<.001). Overal, mortality was
documented in 17 of 947 (1.8%) patients with XDR Typhi
infections and 3 of 505 (0.6%) patients with non-XDR Typhi
infections (P=.06).
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Table 3. Frequency of complications among hospitalized patients with X DR? typhoid and those with non-X DR typhoid in Hyderabad, Pakistan, from

October 1, 2016, to September 30, 2018 (N=1452).

Complications XDRtyphoid cases (n=947),n (%) Non-XDR typhoid cases (n=505), n (%) P value
lleal perforation 210 (23.0) 71(11.0) <.001
Septicemia 91 (14.0) 9(L7) <.001
Cholecystitis 27 (2.8) 4(0.7) .008
Pneumonia 10(1.0) 1(0.1) <.001
Jaundice 13(1.3) 1(0.2) .001

X DR: extensively drug resistant; resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, ciprofloxacin, and ceftriaxone.

Discussion

Principal Findings

To our knowledge, thisisthefirst study onthefirst major XDR
typhoid outbreak worldwide and documenting mortality and
morbidity in Pakistan. Thedelay in the initiation of appropriate
antibiotic therapy is the leading cause of complications and
deaths. XDR typhoid has reached alarmingly high levels,
threatening to be potentially untreatable and leading to high
morbidity and mortality in Hyderabad.

Our study reports a mean age was 15 years for patients with
XDR typhoid and 12 years for those with non-XDR typhoid,
the majority of our patients being male (n=915, 63%). In astudy
in Nepal, the mean age of patients with typhoid was 19 years,
and 45% of them were male [15]. Typhi isolates from
approximately two-thirds of cases (n=947, 66%) were XDR. A
population-based study in 5 Asian countries reported that 23%
of isolates were multidrug resistant [16].

Limited data on the case fatality rates of typhoid are available
[17]. In this study, the case fatality rate was 1.8%. A study on
the global burden of typhoid fever reported a case fatality rate
of 1% [3].

Typhoid is an endemic disease in Pakistan. The major factors
associated with its high prevalence rate include overcrowding,
illiteracy, poverty, poor sanitation, and an unsafe supply of
drinking water [18]. Early diagnosis and the use of appropriate
antibiotics play akey rolein reducing complications and deaths
[19]. Poor sanitation and contaminated water suppliesare serious
infrastructure problems in Hyderabad, Karachi, and the rest of

Acknowledgments

Sindh province. The 2 main cities of this province are affected
by XDRTyphi. Public heath officials predict that
XDR Typhi will also cross borders and start spreading outside
of Pakistan [20].

Limitations

Our study has limitations, given its retrospective manner of
conducting reviews of medical records of in-hospital patients;
thishasyielded limited information regarding prior treatments,
including antibiotic use prior to hospitalization. Patients who
were admitted to hospitals do not represent those among the
general population of Pakistan.

Conclusions

As this first XDR typhoid outbreak continues to spread, the
increased duration of illness before hospitalization and increased
rate of complications has important implications for clinical
care and medical costs, and heightens the importance of
prevention and control measures. To ensure that the
minimization of delay in treatment due to the lack of proper
diagnoses and accessto hospital s, the establishment of certified
laboratories and the recruitment of trained, well-informed
physicians in geographically strategic areas will help in
improving the situation. The provision of safe drinking water
and proper sanitation is the ultimate solution to prevent future
outbreaks. Setting up of surveillancefor typhoid inthe province
and the whole country isimportant to determine whether XDR
typhoid is limited to only these 2 cities or it has widely spread
in Pakistan. Further prospective studies are also required for
understanding the factorsthat are leading to the spread of XDR
typhoid in Pakistan.
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Abstract

The COVID-19 outbreak started as pneumoniain December 2019 in Wuhan, China. The subsequent pandemic was declared as
the sixth public health emergency of international concern on January 30, 2020, by the World Health Organization. Pakistan
could be a potential hotspot for COVID-19 owing to its high population of 204.65 million and its struggling health care and
economic systems. Pakistan was able to tackle the challenge with relatively mild repercussions. The present analysis has been
conducted to highlight the situation of the disease in Pakistan in 2020 and the measures taken by various stakehol ders coupled
with support from the community to abate the risk of catastrophic spread of the virus.

(JMIR Public Health Surveill 2021;7(5):€28517) doi:10.2196/28517
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Introduction COVID-19 pandemic continues to be a major global public

health concern [4].

COVID-19 started as an outbreak of a series of unusual

pneumonia cases in Wuhan, China, with the earliest cases
reported to the World Health Organization’s country office in
China on December 31, 2019. By January 12, 2020, the
causative agent was identified as a novel coronavirus, initially
termed “2019-nCoV,” and up to 41 cases had been preliminarily
diagnosed [1,2]. The virus has since been renamed as
SARS-CoV-2 and spread drastically, and COVID-19 was
declared as pandemic by the World Heal th Organi zation (WHO)
on March 11, 2020 [3]. Having currently affected more than
210 countries and territories, with 19,550,650 active cases and
a mortality rate of 2.85% as of December 31, 2020, the

https://publichealth.jmir.org/2021/5/€28517
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Pakistan: Epidemiologic Profile

COVID-19 cases were reported from Islamabad and Karachi
on February 26, 2020 [5]. Pekistan being one of the most densely
populated countriesin Asia, with apopulation of 204.65 million,
and Karachi being the largest metropolitan city in Pakistan, has
been greatly vulnerableto this outbreak [6]. Owing to its present
economic condition, health care resources, and the occurrence
of previous outbreaks, the Centers for Disease Control and
Prevention had already issued alevel 3 warning for international
travelers to Pekistan [7]. The administration had a huge
responsibility to constrain the spread through atimely response
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and the adoption of appropriate measures to avoid any major
catastrophe. The disease was initially difficult to contain,
especially because of noncompliance of the general population
to the necessary measures and timely reporting of symptoms.
Within 45 days, on April 10, 2020, Pakistan reported 4601
confirmed cases with a death toll approaching 66 individuals

[8].

Table 1. Rumorsrelated to COVID-19 emergence and treatment.

Akhtar et &

Public and Community Response to the
COVID-19 Pandemic

There was a mixed response from the community. Few people
paid attention to the news and some even considered it fake.
News of the virus being a hoax or propaganda spread greatly
worldwide and countered the efforts of governments and other
agencies that made marked efforts to tackle the spread of the
pandemic [9,10]. Common rumors on COVID-19 emergence
and treatment through the mediaand social mediaresourcesare
presented in Table 1.

Rumors

Source

The virusis no worse than the one that causes common cold
Hand dryers are effective in eliminating the coronavirus
Coronavirus originated with people eating bats in China

Thereisavaccine or cure for coronavirus, which the government will not
release

Coronavirus will disappear by the summer
Vitamin C can help you ward off coronavirus

A “miracle’ bleach product can cure coronavirus

Dean Koontz predicted the coronavirusin his 1981 novel The Eyes of
Darkness

Osaka flu shown in the television show The Simpsons

If you cannot hold your breath for 10 seconds without coughing, then you
have coronavirus

The country will be placed in a nationwide quarantine effective immedi-
ately

WHO’s COVID-19 advice for the public: Mythbusters [9]
Chinese social media pages [9,10]
YouTube videos, conservative tabloids, blogs, and Twitter [9,10]

Facebook post containing a screenshot of a patent CO-V vaccine by the
Centers for Disease Control and Prevention on January 22, 2020 [9,10]

WHO’s COVID-19 advice for the public: Mythbusters [9,11]
A popular social media post [12]

Far-right conspiracy theory QAnon misinforming peopleto drink Miracle
Mineral Solution, a bleach-based product [13]

Dean Koontz's 1981 novel The Eyes of Darkness became very popular
on Twitter [10]

Screenshots allegedly from the “Marge in Chains’ episode in 1993 on
social media[10]

Self-check coronavirus tests on social media originating in March 2020
[10]

Text messages claiming the implementation of a country-wide lockdown
[10]

Government’s Initiatives to Tackle the
Pandemic

The government of Pakistan has been lauded by international
organizations including the WHO (and rightly so) for taking
the necessary precautions and measures against the COVID-19
pandemic to guarantee not only the containment of disease
spread but also to fulfill its responsibility as a state toward its
people and their safety [14].

Immediate Responseto Contain Disease Spread

One of the first steps taken by the government was to develop
functional emergency operations centers and to detect theroute
of disease spread in Pakistan. The origin of the virus was the
first question; hence, detailed history-taking of patients was
crucial not only in understanding the outbreak but aso in
determining the contacts of patients with other people in the
community [15]. This helped in cordoning off areas or
home-bounding people who camein close contact with apatient
with COVID-19. In addition to this, patients with a recent
international travel history were monitored closely. This made
sense because many cases and massive spread was reported in
the countries neighboring Pakistan [15-17].

https://publichealth.jmir.org/2021/5/€28517

Containment M easures

Once primary and secondary contact-tracing was delineated,
the foremost step taken by the government was to control the
borders [18]. This was a crucia decision, owing to the
consideration of a large number of Pekistani students and
pilgrims studying in and travelling from China, Iran, and Europe.
The government gained the confidence of the affected
individualsand their families. It was amost unfeasibleto restrict
suchindividual s outside the country because of the strong public
response; nonethel ess, it was necessary if the spread of thevirus
was to be controlled quickly. To tackle this problem, the
government took theinitiative of designating quarantine houses
near borders and airportsto isol ate people entering Pakistan for
a short period to make sure they were not infected before they
moved out in the community [19,20].

Border Control

The WHO reported that the number of new cases increased by
the minute, and disease spread was now not only limited to
people who had a recent travel history in the regions highly
affected by the pandemic. Disease spread within the community
was alarming and called for drastic steps to be taken not only
by local governments but also by countries and states at large.
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All necessary services and measures are still being used in
maximum capacity till date to ensurethe safety of people’slives
in the country. Since all cases initially had a history of recent
travel, it was specul ated that transmissions were imported from
outside of the country. Therefore, travel restrictions were
imposed to limit the spread of virus from other countries to
Pakistan [21].

Quarantine Houses

After the borders were contained, it was important for the
government to provide a solution to all individuals stuck at the
borders to enter the country without imposing a threat to the
rest of the community [20]. It was crucia to quarantine the
people at a specific location and either have them tested or wait
for at least 2 weeks to ensure that they were not infected with
SARS-CoV-2 before they travelled to their hometowns. People
who did not show any symptoms after being quarantined for a
certain duration could go to their citiesand notify the authorities
in case of any signs and symptoms after leaving the quarantine
homes [19,20]. The development of these shelters was an
economically and strategically massive task for the government.
More than 3000 pilgrims arrived from Iran in the first week of
March 2020 alone and were housed at quarantine shelters in
Taftan and Chaman [22,23].

Toward the end of March 2020, the government decided to
relocate the pilgrims to their respective provinces where
guarantine centers were set up. Most news outlets and social
media users condemned this step taken by the government.
Many problems were faced by the pilgrims and other people
who were quarantined at these centers, including included small,
cramped spaces for people to live in, unhygienic conditions,
shortage of food, water, medication, and unavailability of
physicians[23].

Country-Wide L ockdown

Many other stepswere taken by the government to tackle disease
spread and to minimize the damage caused by the pandemicin
Pakistan [24,25].

One of the first steps that the government of Pakistan took to
limit the spread of the viruswithin the community wasto impose
well-planned lockdownsin all major cities[20,26]. Lockdowns
were imposed during different hours in different regions, and
most of the public spaces were closed off except for grocery
stores, pharmacies, and vegetable and fruit shops. All the
eateries, parks, wedding halls, schools, and offices were closed
until further notice by the federal government [27]. Thisled to
retaliation from the provincial governments and opposition as
it posed a great economic threat to the country’s daily-wage
workers and to the low-income population; however, this was
anecessary measureto curtail disease spread. Another step that
the government took, and faced major opposition, was the
closure of prayers at mosques, including Friday prayers
[26,28,29].

Cordoning Off Areas

When reports of virustransmission started emerging, especially
in the federal capital of Islamabad, the government took the
initiative of sealing off areasthat reported infections. According

https://publichealth.jmir.org/2021/5/€28517
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to a notification issued by the District Magistrate |slamabad,
the city administration decided to cordon off areas to ensure
public safety after the number of infections increased [30].
Samples were tested by the National Institute of Health,
Islamabad, and analyzed by epidemiologists of the deputy
commissioner of the COVID-19 Nerve Centre after which the
notification was issued. This helped in not only curbing the
spread of the infection but also in contact-tracing and further
testing of the public.

Testing and Contact Tracing

The country’s testing capacity was limited during the early
months of the pandemic, and while high-income countrieswere
conducting large-scale randomized tests to estimate the actual
number of confirmed cases, Pakistan was forced to carry out
priority-based testing and rely on the enforcement of strict
guarantine and isol ation strategiesto contain the pandemic [31].
Contact-tracing, however, was an effective strategy that not
only helped limit the spread of the virus but also helped predict
its route through different regions of the country and across
different age groups. Nevertheless, sincelarge-scale testing was
crucia to assess the severity of the pandemic, the testing
capacity of laboratories and the availability of testing kits was
gradually increased by the government, and in June 2020 up to
30,000 testswere conducted daily to ascertain the pace of spread
and to formulate future strategies accordingly [32]. Both these
strategies provided valuable insights on the differences in the
clinical manifestation of COVID-19 in people with different
demographic and health backgrounds.

Field Epidemiology L aboratory Training Program

The Training Programs in Epidemiology and Public Health
Interventions Network is a network of 75 field epidemiology
training programs, which operate in >100 countries including
Pakistan. After the WHO declared COVID-19 a public health
emergency of international concern, alumni from the Field
Epidemiology Training Program implemented standard
operating procedures (SOPs) for COVID-19 screening at
international airports in Peakistan. They also designed and
implemented a real-time data entry system to screen travelers
from high-risk countries[33].

Implementation of SOPs. Masks, Sanitization, and
Social Distancing

SOPs were devised for the public and were meant to be strictly
followed in public areas. These included guidelines on social
distancing; that is, avoiding crowded areas, maintaining a
physical distance of 3 feet, wearing masks, maintaining hand
hygiene, sanitizing frequently touched surfaces and areas, and
following general hygiene rules such as avoiding touching the
face, nose, or eyes, and coughing, or sneezing in the elbow or
a paper napkin instead of the hands. The authorities started
taking disciplinary action against those who violated the SOPs
at public places in various parts of the country in accordance
with the recommendations of the National Command and
Control Centre of Pakistan. Thefocus of the National Command
and Control Centre was on SOPs, compliance, strict
administrative actions being implemented, and enforcement of
various strands of the track, trace, and quarantine strategy [34].
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Initiation of Awareness Campaigns. Role of
Community Health workers

Many campaigns were initiated by both local and federa
governmentsin the interest of the general population to spread
awareness about the risks, signs, and symptoms of COVID-19
[35]. Pakistan’s extensive polio vaccination program, consisting
of more than 265,000 community health workers and
vaccinators, was mobilized with the help of the WHO [36]. This
not only helped provide infrastructure to track and trace cases
early during the epidemic but also helped spread awarenessin
the remote, underdeveloped rural regions of Pakistan. Another
vital step was taken to spread awareness to the masses, where
text messages were sent by the government of Pakistan on all
mobile networks [37]. The daily reminders on following SOPs
hel ped tackle those who did not take the necessary precautions
and were unaware of the aforementioned information, and the
imposition of fines and charges for noncompliance made risk
and awareness campaigns a nationwide success [35,37].

Recorded voice messages in various local languages including
Urdu, Pashto, and Sindhi, which warned against the risks of
COVID-19, its spread, and its complications, and general
awareness regarding the SOPs to help control its spread, were
used as caller tunes before every phone call. The recorded
messages were changed in accordance with the situation and
ranged from guidelines on SOPs, warning noncompliers, and
even congratul ating efforts after successfully controlling disease
spread during August 2020 [37].

Economic M easures

On the emergence of COVID-19 in Pakistan, the entire system
faced various problems owing to the limitations of the health
care system, poor infrastructure, uneven access to health care,
resistance from various social, political, cultural, and religious
groups, political instability, economic fragilities, and mistrust
among the public. Data of a web-based survey conducted by
the Small and Medium Enterprises Development Authority from
April 3-14, 2020, among 920 businesses revealed insufficient
revenue generation, losses, and difficulty in survival among
businesses [38]. Pakistan launched various schemes to tackle
the economic crisis faced by many individuals during the
pandemic. On May 2, 2020, Prime Minister Imran Khan
launched arelief schemefor peoplewho lost their jobs or whose
source of income has been compromised owing to the lockdown.
Helaunched a cash assistance program through the Ehsaas Cash
Programme to support unemployed individuals [39].

After lifting the lockdown in some sectors, the government
allowed construction and daily-wage workersto resumeworking
while dutifully following the SOPs and taking necessary
precautions. This hel ped ease some of the economic burdens of
the government, especially in providing rations and relief
packages for the daily-wage workers [40].

Furthermore, the government also requested people who had
been diagnosed with mild or asymptomatic COVID-19 to
guarantine at home as some of them did not required hospital
care; this helped curb the patient influx in hospitals and at
diagnostic centers, thus easing the burden on health workers
and medical practitioners[41].
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Production of Ventilators

Oneof thelargest concernsfor the ministry of health and health
departments in Pakistan and worldwide is coping with the
continuously increasing demand of ventilators as the virus
spreads and the number of cases increases. The shortage of
ventilatorsisamajor issue faced by Pakistan, especially because
all the major medical equipment areimported and not produced
locally. To tackle this problem, the National Radio and
Telecommunication Corporation produced its first ventilator
locally within afew months of the onset of the pandemic [42].
The National Radio and Telecommunications Corporation
initially offered cost-free repairs for almost 109 ventilators
throughout the country and later designed and produced itsown
ventilators. Initially, 8 ventilators were produced and handed
over totheNational Disaster Management Authority after which
the prime minister formally inaugurated afacility for large-scale
production of ventilators within Pakistan [43].

Asaresult of al the efforts made by the government of Pakistan,
6 months after reporting its first case, active cases in Pakistan
are continuing to steadily decrease, with the number of deaths
recorded in aday now often down to single-digit numbers. The
country has had 312,263 confirmed cases of as on October 1,
2020, with 6479 COVID-19—+elated deaths, according to the
official data[44]. Savefor single-day glitches, active caseshave
been progressively declining since peaking in June 2020,
currently standing at 8903, their lowest level since late April
2020.

Success Stories: Pakistan’s Population
Coming Together to Combat COVID-19

Pakistan is currently faced with one of its toughest challenges
since its establishment as an independent nation, and while
COVID-19 has severely disrupted routines and led to intense
fear among the public, efforts are still being made to bring
together the expertise and knowledge of individualsfrom various
fields to ensure combating this pandemic together. In addition
to the government’s efforts, many other organizations and
individuals came forward to help against the pandemicin various
capacities. From using social media to campaign for blood
donationsfor patients with thal assemia nationwideto arranging
food suppliesand relief packagesfor those severely affected by
the pandemic, the local people of Pakistan came forward and
helped fellow citizens.

The Human Development Foundation Pekistan is one of the
oldest nonprofit organizations in the country, and it estimated
the provision and distribution of more than 14,000 ration
packages containing food and medical supplies to the people
of Karachi [45].

Al-Khidmat Foundation Pakistan

Al-Khidmat Foundation Pakistan is one of the leading nonprofit
foundations operating in Pakistan for the past 30 years. During
the onset of the pandemic, it played avital role in charity work
including awareness campaigns, providing preventive equipment
such as soap, sanitizers, masks, and relevant reading material
to the general public, providing its services to government
institutions including hospitals, Aghosh homes, ambulances,

JMIR Public Health Surveill 2021 | vol. 7 |iss. 5 [e28517 | p.217
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

and trained volunteers. Moreover, it carried out food drives,
provided COVID-19 test facilities and antibody tests, and
arranged for protective equipment to distribute among physicians
and medical staff on thefrontline [46]. Al-Khidmat Foundation
Pakistan also played a vital role in arranging free plasma for
patients with COVID-19 [47].

Corona Recovered Warriors

The Facebook page titled “Corona Recovered Warriors’
provided hope during the grim period of disease spread in
Pakistan. Created by musician Zoraiz Riaz withtheaimto help
coordinate convalescent plasma donations for people with
COVID-19 in Pakistan, this group quickly gained popularity
and had 320,000 members in just 1 month, needing a team of
33 volunteers to manage the posts. People looking for plasma
donors, medica supplies, oxygen cylinders, ventilators, injection
drugs or other drugs, and leads on hospitals accepting new
admittees posted all their queries on this group, and thousands
of people came forward and offered help in al capacities to
those in need [48]. The group then started organizing donation
and food drives, providing personal protective equipment (PPE)
to health care workers and delivering medical supplies to
desperate families of patients with COVID-19 [49].

Plasma Trials by Medical Professionals

In desperate times when everyoneis seeking any cureto tackle
the virus, many unapproved and untested remedies were used
even by health care professionals to treat individuals with
COVID-19. The most popular one was the use of plasma of a
recovered patient to treat patients with COVID-19. Dr Shahid
Junejo, asenior superintendent at acivil hospital, tested plasma
therapy on a patient in Hyderabad. According to him, the
decision for the trial was taken after consultation with the vice
chancellor of the Liaquat University of Medical and Health
Sciences Jamshoro, Prof Bikha Ram Devragjani [50]. Passive
immunization is an old procedure used in the absence of a
vaccine to treat infectious diseases; hence, the treatment was
administered to many patients throughout the country without
any strong evidence of its ability to neutralize the virus [51].
Even though the Ministry of National Health Services declared
that plasma therapy is not a cure for COVID-19 as it is till
undergoing aclinical trial on aglobal scale, thereis till ahigh
demand of plasma donors, and as of July 2020 approximately
750 donors were connected with critical patients through the
Corona Recovered Warriors Facebook page alone.

Availability of Scholars Against COVID-19 Pakistan

Scholars Against COVID-19 is a platform of over 3000 young
scholars and researchers nationwide coming together as
volunteers to assist the government and people through
donations of equipment from laboratories and universities to
scale up testing and experimentation related to the diagnosis
and treatment of COVID-19 [52]. Their aim is to bridge the
disconnect among various sectors in Pakistan, which makes
executing such ideas challenging.

Student Taskforce Against COVID-19

Student Taskforce Against COVID-19 is a group of final-year
medical students from Aga Khan University Hospital who
concelved theideaof creating ahelplinefor familiesand patients
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affected by COVID-19 who have been looking for guidelines
and help [53]. The taskforce is not only managing the helpline
but also assisting the Aga Khan University Hospital and the
Sindh government in contact-tracing and helping the Pakistan
Medical Association inidentifying and providing volunteersto
help at Karachi's Expo Centre isolation ward for patients with
COVID-19 [54].

First Response I nitiative of Pakistan

Over 400 medical students have come together through the
Combat Coronacampaign and are aiming to collect and provide
PPE to health care workers. They have targeted hospitals in
Karachi needing PPE and have collected hundreds of equipment
for distribution through donations in all major hospitals of the
city [54].

Pakistan Against COVID-19 Volunteers Group

Pakistan Against COVID-19 Volunteersisagroup of physicians
and other professionalswho have collaborated and aim to enable
connections between manufacturers and suppliers of PPE, carry
out innovation and experimentation for designing and
manufacturing ventilators through 3D printing technology, and
develop noncontact thermometers locally [55,56].

Kwickdoctor.com

Kwickdoctor.com has been developed by 40-year-old
information technol ogy expert Salman Khan. Heaimsto connect
the public to consultants, physicians, pharmacies, and
laboratories and even delivers prescriptions at the doorstep.
With the pandemic spreading, the need to avoid contact has
increased and digital care isthe need of the hour [57].

Discussion

Principal Findings

COVID-19, after being first reported in December 2019, is till
swiftly spreading worldwide. Within 10 months, the mortality
and morbidity rates have approached unexpected levels.
Scientists, researchers, and clinicians have worked together with
engineers to develop treatments, diagnostic kits, and vaccines
to prevent this infection from spreading further; however, a
third wave of COVID-19iscurrently underway worldwide with
numerous mutant strains. These mutations have rendered this
virus either more virulent or resistant to previously used
medications [58]. The second wave has been feared as the
situation was reverting to normal cy and busi nesses, offices, and
schools were reopening in late September or early October of
2020. The government of Pakistan started tackling COVID-19
on the basis of the experience of other countries as the disease
approached Pekistan after having affected many other countries.
Starting from preparing specia wards, using all resources
including polio and dengue teams and wards, respectively,
preparing appropriate SOPs, conveying awareness messagesto
everyone through the television or mobile phones, updating
everyone through special mobile apps and websites, showing
hotspots, sharing the economic burden with the weak, and
ending with smart lockdownswere some of the most impressive
measures to handle the pandemic. The people of Pakistan also
supported the government during this time, which is one of the
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most prominent reasons Pakistan overcame the first 2 waves
with minimal morbidities compared to other countries.

Conclusions

Immunization and treatment of COVID-19 may ill be
guestionable, but precautions and SOPs have undoubtedly been
set by many. Technology has played its part in spreading
awareness, but Pakistan is currently undergoing a third wave
of infections. However, if precautions are taken and all SOPs

Akhtar et &

arefollowed, the entire community can be rescued and the risk
of reinfection and further waves would decline immediately.
This is a situation where everyone has a responsibility toward
the community and must take steps to minimize the risk of
further disease spread. Pakistan has shown tremendous potential
in public health, and different government and nongovernment
organizations can collaborate to address the challenges through
the engagement of society and the community along with the
introduction of new policies.
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Abstract

Background: Highly sensitive acute flaccid paralysis (AFP) surveillance, which includes immediate case investigation and
specimen collection, iscritical for achieving globa polio eradication. In Yemen, the Acute Flaccid Paralysis Surveillance System
(AFPSS) was launched in 1998 to achieve the polio eradication target. Although Yemen was certified as a polio-free country in
2009, the protracted war since 2015 has placed the country at risk for polio reemergence.

Objective: The objectives of this analysis were to evaluate the performance of the Yemen AFPSS at both the national and
governorate levels, and to assess the impact of the ongoing war on the performance.

Methods: Retrospective descriptive analysis was performed on Yemen secondary AFP surveillance data for the years 2014
(before thewar) and 2015-2017 (during thewar). Datacomprising al children <15 yearsold reported as having AFP wereincluded
in the analysis. AFP surveillance performance was evaluated using World Health Organization—specified AFP surveillance
indicators.

Results: At the national level, all indicators were met before and after the war except for “lab results received within <28 days,”
which was unmet since the war erupted. Furthermore, the indicator “stool specimens arriving at a central level within <3 days’
was unmet after the war but only in 2017. At the governorate level, although the indicators “adequacy” and “stool specimens
arriving at the laboratory in good condition” were met before the war in al governorates, the former indicator was unmet in 9
(41%) governorates since the war erupted and the latter indicator was also unmet in 9 governorates (41%) but only in 2017.

Conclusions: The findings show that some AFP surveillance indicators were negatively impacted by eruption of the war in
Yemen due to closure of the Sand a capital airport and postponement of sample shipment to the reference laboratory, which
remained under long-term poor storage conditions. To ensure rapid detection of polio cases, improving specimen collection,
storage, and transportation, together with proper and timely shipment of specimensto the reference laboratory should be considered.

(JMIR Public Health Surveill 2021;7(5):e27638) doi:10.2196/27638

KEYWORDS
acute flaccid paralysis; surveillance indicators; war; Yemen

: enteroviral disease that has an incubation period of 9-12 days,
Introduction and presents as muscle weakness, headache, neck stiffness,
Background fever, nausea, vomiting, and mostly flaccid paralysis[2].

Poliomyelitis is a highly infectious viral disease that affects The World Health Assembly adopted a resolution calling for
children below the age of 15 years, and is transmitted from the global eradication of poliomyelitis in 1988. In addition to

person to person viathe feco-oral route [1]. Poliomyelitisisan ~ routine polio immunization included in the Expanded Program
of Immunization, two major activitieswere planned: masspolio
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vaccination campaigns and surveillance of all cases of acute
flaccid paralysis (AFP) [1]. Despite great achievement of polio
eradication, transmission has never been stopped in two
countries in the eastern Mediterranean region: Pakistan and
Afghanistan [3].

In Yemen, AFP surveillance was launched in 1998 to achieve
the polio eradication target, and there were no reported cases
up to 2004. However, in 2005, 479 cases were reported;
therefore, 10 immunization campaigns were launched to halt
the outbreak. Thelast polio case was reported in February 2006,
and Yemen was certified asapolio-free country in 2009. Yemen
has also experienced three different outbreaks of circulating
vaccine-derived polio viruseswith 9 casesin April 2011, 4 cases
in 2012, 1 case in 2016, and, most recently, one case reported
in September 2020 [4-6]. Although the country iscurrently free
of poliovirus, it is considered one of the high-risk countries for
reemergence of the virus due to the current war situation.

The Yemen Acute Flaccid Paralysis Surveillance
System

The Yemen Acute Flaccid Paralysis Surveillance System
(AFPSS) was launched in 1998 with strong support from the
World Health Organization (WHO) to help in the early detection
of any AFP case and to ensureimmediate notification. The AFP
surveillance data are regularly shared with the WHO country
and regional offices, and with the Global Polio Eradication
Initiative. As Yemen does not have a national polio laboratory,
Kenya Medical Research Ingtitute in Nairobi has served as a
reference laboratory for Yemen since 2015. The AFP
surveillance indicators were adapted from WHO certification
standards [7].

Nationally, the AFPSS consists of a national AFP coordinator
and four assistants. At the level of governorates, there are 35
coordinators and their assistants. In al didtricts, there are
approximately 333 coordinators and 1980 officers in health
facilities.

The purposes of the system include early detection of any AFP
case and investigating it, evaluation of the polio eradication
program performance, and certifying and confirming that Yemen
isstill free of poliovirus.

Since 2015, the war has affected the performance of the health
system in Yemen, with nearly half of al health facilities
suffering damage or unable to function because of severe

https://publichealth.jmir.org/2021/5/e27638
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shortages of staff and egquipment. Consequently, an estimated
56% of the population does not have regular access to basic
health care [§].

Aim
The objectives of thisanalysiswereto eval uate the performance
of the Yemen AFPSS at both the national and governoratelevels,

and to assess the impact of the ongoing Yemeni war on the
performance.

Methods

A retrospective descriptive analysiswas performed on secondary
AFP surveillance datafor Yemen for the years 2014 (before the
war) and 2015-2017 (during the war). The data included al
children <15 years old who were reported in the AFSSP as an
AFP case. AFP surveillance performance was evaluated using
the following WHO-specified AFP surveillance indicators [7]:
(1) nonpolio AFP rate in children <15 years of age (target:
>2/100,000) annually and investigation within lessthan 48 hours
of the report (target: =280%); (2) two stool specimens collected
at least 24 hours apart and within 14 days of paralysis onset
(target: =80%), reflecting the adequacy rate; (3) stool specimens
arriving at the central level within <3 days (target: =80%); (4)
stool specimens arriving at the laboratory in “good condition”
(target: =80%); (5) natification within <7 days of paralysisonset
(target: =80%); (6) nonpolio enterovirus isolation rate (target:
>10%) toreflect thelab's performance level and virus detection
sensitivity; and (7) lab results received within <28 days (target:
>80%).

The study was performed from October to January 2019,
including data from 2014 to 2017. The data were entered and
analyzed in Microsoft Excel.

Results

AFP Surveillance Performance I ndicator s at the
National L evel

Table 1 shows the AFP surveillance performance indicators at
the national level for 2014-2017. All indicators met the targets
in 2014 before the war. After the war erupted, al indicators
were met in 2015 and 2016 except for the “1ab results received
within <28 days.” Furthermore, in 2017, the indicators “lab
resultsreceived within <28 days’ and “ stool specimensarriving
at the central level within <3 days’ were not met.
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Table 1. Acuteflaccid paralysis (AFP) surveillance performance indicators at the national level, 2014-2017.

Indicator Target Reported value
2014 2015 2016 2017
Nonpolio AFP rate in children <15 years old >2/100,000 4.6 4.2 52 52
Investigation within <48 hours of the report 280% 98% 99% 100% 100%
Two stool specimens collected at least 24 hours apart within 14 days  =80% 95% 91% 91% 82%
of paralysis (adequacy)
Stool specimens arriving at a central level within <3 days >80% 88% 85% 83% 78%2
Stool specimens arriving at the reference laboratory in good condition >80% 99% 99% 99% 81%
Notification within <7 days of paralysis onset >80% 86% 85% 85% 87%
Nonpolio enterovirusisolation rate >10% 18% 19% 22% 15%
Lab results received within <28 days >80% 83% 4892 2492 33062
aDid not meet target.
AFP Surveillance Performance | ndicators at the Discussion

Governorate Level

Thetargetsfor thetwo indicators“ nonpolio AFP ratein children
<15 years’ and “investigation within <48 hours of the report”
were met in all governoratesin al years both before and after
thewar. Although the adequacy indicator “two stool specimens
collected at least 24 hours apart within 14 days of paralysis’
met the target in all governorates in 2014 (before the war), the
target was not met in two governorates in 2015 (Abyan and
AlDhale’'e) and 2016 (AlDha€e e and Socotra), and in seven
governorates (AlBayda, AlJawf, Amran, Ibb, Raymah, Sana a
city, and Socotra) in 2017.

The target for the indicator “stool specimens arriving at the
central level within <3 days’ was not met in 5 governoratesin
2014, 7 governoratesin 2015, 11 governoratesin 2016, and 14
governorates in 2017. The indicator “stool specimens arriving
at the reference laboratory in good condition” met the target in
all governorates in all years except for 2017, in which 9
governorates (AlBayda, AlJawf, Almahra, Amran, Dhamar,
Lahj, Raymah, Sana’ a city, and Taizz) did not meet the target
for thisindicator.

A total of 5 governorates in 2014 (AlHudaydah, Almahweset,
Amran, Hajjah, and Sa ada) and 2015 (Abyan, AlHudaydah,
AlJawf, Hajjah, and Sa'ada), 6 governorates (Almahwest,
Amran, Ibb, Sa'ada, Socotra, and Taizz) in 2016, and 7
governorates (AlBayda, AlHudaydah, AlJawf, Amran, Hajjah,
Sa'ada, and Socotra) in 2017 did not meet the target of the
indicator “notification within <7 days of paralysis onset.” The
targets for the indicator “nonpolio enterovirus isolation rate”
had not been met in 3 governorates (Abyan, Shabwah, and
Taizz) in 2014, in 4 governorates (Aden, AlHudaydah, Almahra,
and Saada) in 2015, 5 governorates (Abyan, Almahra,
Almahweet, Hadramaut Sayoun, and Shabwah) in 2016, and 4
governorates (AlBayda, Sa ada, Sand a city, and Socotra) in
2017. The target for the indicator “lab results received within
<28days’ did not meet thetarget in 7 governoratesonly in 2014
(before the war) and in al governorates in al years after the
war.

https://publichealth.jmir.org/2021/5/e27638

Principal Findings

Evaluation of asurveillance system isimportant to examinethe
operation of the system and to show how it adheres to
implementation protocols. Thus, the current AFPSS evaluation
will help toidentify whether the system met itstarget indicators

properly.

This evaluation showed that at the national level, al indicators
were met beforethewar erupted in 2014; however, the indicator
“lab results received within <28 days’ was not met through
2015-2017 after the war. Thisis because of closure of the main
national airport in Sana’ ain 2015, which remains closed to date
[9]. Therefore, sending the samplesto the reference laboratory
in Kenyawas not possible and the lab results were not received
in atimely manner.

The indicator “stool specimens arriving at the central level
within <3 days’ was not met at the national level during 2017,
which was most likely due to the lack of funding available for
transporting specimens from the governorates to the national
level, as well as the disruption and danger of some roads [8].
A similar result was reported from Iraq after the war erupted
[10]. At the governorates level, we found that the number of
governorates that did not meet this target increased as the war
continued, which is attributed to the same reasons mentioned
above.

Thetarget for the indicator “nonpolio AFP ratein children <15
yearsold” wasmet at the national level and for all governorates
inall years, and even exceeded the WHO-established minimum
nonpolio AFP rate. Thus, the sensitivity of AFP surveillance
has been good before and after the war. A similar finding was
reported from Nigeria, the eastern Mediterranean region, and
other WHO regions [10-13]. The lack of an effect of war on
this indicator has been found for other countries in conflict,
such as Iraq [10]. Similarly, the indicator “investigation within
48 hours of report of cases’ met the target at the national level
andinall governoratesin al years, and was not affected by war
in this study, in line with findings from other countries in
conflict, such as Iraq [10].
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The adequacy indicator also met the target in all years at the
national level before and after the war erupted. The target of
thisindicator was met in similar evaluations in other countries,
including Iraq and Nigeria [10-12]. This reflects a better
awareness by patients familiesand medical caregiversregarding
the importance of early AFP case detection. Although this
indicator was met at al governorates before the war, it was not
met in some governorates after eruption of the war, which may
be due to a discontinuation of training. Lack of training was
also found to be the reason for not meeting the adequacy target
in other countries such as Zimbabwe [14].

The indicator “stool specimen arriving at the reference
laboratory in good condition” met thetarget at the national level
inall years. Thisindicator also met the target in all governorates
and all years of evaluation except for 2017. Thiswasmost likely
dueto suspension of the shipment of specimensto thereference
laboratory for 3 months that were left under a poor storage
condition in 2017. Furthermore, the indicator “notification
within 7 days of paralysis onset” was met at the nationa level
in al years. However, the target was not met in some
governorates because of poor knowledge about the timeliness
of notification and the lack of training at thistime.

Al-Dubaiecet d

Although the indicator “nonpolio enterovirus isolation rate”
met the target at the national level in all years, it was not met
in some governorates before aswell asafter eruption of the war.
Thismay reflect the poor collection and transport of specimens
due to reduced training as well as accessibility and transport
problems.

Conclusions

The findings of this study showed that some AFP indicators
were negatively impacted by eruption of the war in Yemen due
to closure of the Sana a capital airport and postponement of
specimen shipment to the reference laboratory, leaving
specimens in a poor storage condition. Therefore, proper and
timely shipment of specimens to the reference laboratory in
Kenya as well as ensuring receiving the lab results within 28
days is strongly recommended. It is also important to ensure
the availability of funds for the transport of specimens from
governorates to the nationa level, and to continuously train
health workers on the proper collection and transport of
specimens to ensure achievement of AFP indicators.
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Abstract

SARS-CoV-2 is known to cause severe bilateral pneumonia and acute respiratory distress syndrome or COVID-19 in patients,
which can be debilitating and even fatal. With no drugs or vaccines available yet, a wide range of treatment regimens used are
being repurposed. The need of the hour isto analyze various currently available regimens and devise atreatment plan that is most
effective for COVID-19. Here we describe the case of a 68-year-old man with hypertension and diabetes, exhibiting symptoms
of cough and shortness of breath, who presented at the emergency department of our hospital. Chest computed tomography
revealed bilateral ground glass opacitiesthat wereindicative of COVID-19, and acomputed tomography score of 24 wasindicative
of severe pulmonary pneumonia. He tested positive for COVID-19. His treatment regimen included the use of convalescent
plasma, oxygen therapy, steroids, high-dose antibiotics, broad-spectrum antiviral remdesivir, and anti—interleukin-6 monoclonal
antibody (Tocilizumab) at various stages of the disease. Oxygen supplementation was required at the time of admission. The
patient initially developed a cytokine rel ease storm, and oxygen supplementation wasinitiated to manage his condition. Supportive
care and multiple treatment regimens were used to successfully recover the patient’s health. With arapid increase in number of
confirmed cases worldwide, COVID-19 has become a major challenge to our health care system. With no available vaccines
currently, the establishment of a combination of therapeutic drugs that effectively reduce disease progression is of utmost
importance.

(JMIR Public Health Surveill 2021;7(5):€27609) doi:10.2196/27609

KEYWORDS
COVID-19; remdesivir; treatment; tocilizumab

confirmed cases, including 1,696,401 deaths as of December
20, 2020 [3]. The causative infectious agent for COVID-19 is
COVID-19isasevere acute respiratory infection that hasspread  @NOVel encapsulated, positive sense RNA virus that belongs to
worldwide since the first confirmed case in Wuhan (Hubei  family Coronaviridae, and has been named SARS-CoV-2 [4].
Province, China) on December 31, 2019 [1,2]. It has since Thegold standard for COVID-19 diagnosisisapositivefinding

affected 235 countries, areas, or territories, with 76,900,875 on an RT—-PCR test, which confirmsthe presence of vira nucleic
acid in blood or respiratory swab samples of a patient. Initial

Introduction
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diagnosis of COVID-19 is based on (1) the patient’s history,
which may indicate possible contact with a patient with
confirmed COV1D-19; (2) clinical symptoms, which rangefrom
mild or moderate (cough, fever, tiredness, or shortness of breath)
to severe (pulmonary pneumonia, acute respiratory distress
syndrome [ARDS]); and (3) radiological findings consistent
with COVID-19 [5,6]. The first 2 cases of COVID-19 in
Pakistan were reported on February 26, 2020, with 457,288
confirmed cases and 9330 deaths as on December 20, 2020 [7].

Currently available treatment alternatives for hospitalized
patients with COVID-19 with severe or critical disease
presentation are limited to drugs that aid in the resolution of
symptoms and provide supportive care. These include the use
of convalescent plasma, oxygen therapy, steroids, and
broad-spectrum, high-dose antivirals and antibiotics [8]. Here
wereport the case of an elderly male who presented with cough,
shortness of breath, and severe pulmonary pneumonia at our
hospital during the early months of the pandemic. The patient
wasadmitted after aninitial examination and later tested positive
for COVID-19. The patient was treated with convalescent
plasma, dexamethasone, high-dose antibiotics, broad-spectrum
antiviral remdesivir, and anti—interleukin (IL)-6 monoclonal
antibody Tocilizumab in addition to a number of other drugs.
The patient’s conditioninitially worsened after admission, from
requiring a low flow of oxygen to developing ARDS, and
required mechanical ventilation; thereafter, his condition
improved, and he made full recovery and was discharged after
14 days. This case study is aimed to analyze the role of a
combination of different drugson the progression of COVID-19
in our patient and to highlight its life-saving potential.

Case Presentation

On the evening of June 10, 2020, a 68-year-old Pakistani male
physician with a history of hypertension and diabetes mellitus
presented with fever, cough, and shortness of breath. Difficulty
in breathing had started 3 days prior to reporting to the
emergency department of our hospital and seemed to worsen
with time. His vital parameters at the time of presentation
included a temperature of 98.6°F, pulse rate of 85 beats per
minute, blood pressure of 110/70 mmHg, and oxygen saturation
(SpO,) of 87% in ambient air. After the initia physical
examination, the on-duty physician admitted the patient to the
intensive care unit for the management of possible pulmonary
pneumonia and suspected COVID-19, an RT-PCR test, and
chest computed tomography (CT). Chest CT revealed bilateral
multifocal patchy and confluent areas of ground glass opacity
(GGO) in the lungs. Associated interlobular septal thickening
with an erratic paving appearance, subpleural fibrosis, and
prominent lower [obe bronchi were also noted bilaterally, with
more marked effects on the right side. The CT severity score
was 24, which was indicative of severe disease. On admission
to the intensive care unit (day 1), the patient was initialy
administered a one-time intravenous dose each of conval escent
plasma (450 mL) and paracetamol (1 g) and administered
supplemental oxygen through a non-rebreathable mask at 4 L
O,/min to maintain an SpO, of >90%. He was also started on

a regimen of intravenous methylprednisolone (60 mg, once
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daily [OD]) and enoxaparin sodium (60 mg, OD). On Day 2,
his laboratory findings indicated lymphopenia, neutrophilia,
increased C reactive protein (CRP), and raised serum lactate
dehydrogenase (LDH); hence, a7-day course of two antibiotics,
meropenem trihydrate (500 mg, thrice daily) and moxifloxacin
(400 mg, OD), was also added to the regimen. On days 3 and
4, the patient’s condition deteriorated considerably. He was
semiconscious and developed ARDS. The flow velocity of
oxygen had to be increased to 15 L O,/min, which was till
insufficient to maintain an SpO, of 90%-91%. Serum ferritin
levels of the patient increased, with a further increase in
lymphopenia, CRP, and LDH, and as the patient developed
signsof cytokinerelease syndrome (CRS), tocilizumab (80 mg)
was administered intravenously with the dose repeated after 12
hours. On day 5, the patient was started on continuous positive
airway pressure ventilation where an SpO, between 88%-92%
was maintained, along with a 50% fraction of inspired oxygen
(FiOy,), positive end-expiratory pressure (PEEP) of 6 cmH,0,
and pressure support ventilation (PSV) of 14 cmH,O. The
patient was then maintained in a prone position for up to 12
hoursto manage the respiratory distress. In addition to ventilator
support, dexamethasone (8 mg, twice daily [BD]) was
administered intravenously. On day 8, remdesivir (200 mg) was
administered intravenously with a dose halved to 100 mg for
the next 4 days. A one-time dose of 20% abumin infusion (50
mL) was aso administered intravenously, and a regimen of
intravenous linezolid (600 mg, BD) was added. On day 10, the
patient’s condition began to improve and an SpO, of 97% was
achieved in the same ventilator setting. Serum ferritin, CRP,
and LDH levelsalso reverted to baseline. On day 11, the patient
displayed signs of recovery, having achieved an SpO, of 97%,
FiO, reduced to 45%, PEEP of 6 cmH,0O, and PSV of 14
cmH,0. On day 12, FiO, was further reduced to 40%, and the
PEEP and PSV were 6 cmH,0 and 14 cmH,0, respectively.
The patient was advised to sit upright for 1 hour after regular
intervals. Since the patient displayed signs of improvement, he
was gradually weaned off the ventilator and instead provided
an oxygen mask, which helped maintain an SpO, of 94%-96%
at 2L O,/min. On day 13, patient was prescribed oral doses of
dexamethasone (5 mg, OD), moxifloxacin (400 mg, OD), and
linezolid (600 mg, BD) for a 3-day course. Furthermore, a
reduced intravenous dose of enoxaparin sodium (40 mg, OD)
for the next 7 days was advised. The RT-PCR test for
COVID-19 was repeated, which yielded a negative result, and
the patient was discharged on day 14 of admission (June 24,
2020).

Discussion

Principal Findings

This case study summarizes the clinical characteristics upon
presentation, diagnosis, and treatments administered to a
68-year-old male physi cian with diabetes and hypertension who
presented with fever, cough, and shortness of breath at our
hospital. Considering his age, history (potential exposure at his
work place and the presence of underlying comorbidities
including hypertension and diabetes), symptoms (fever, cough,
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and shortness of breath), low SpO, (of 87%), and chest CT
findings (CT severity score of 24), our patient was suspected
with COVID-19 and was at the risk of developing severe
disease. A positive RT-PCR finding for COVID-19 and later
stages of disease progression during the course of his
hospitalization confirmed this notion; however, timely
recognition of risks and the provision of immediate, effective
treatment most likely ensured his recovery and survival.

In astudy describing the clinical characteristics, treatments, and
outcomes of 138 confirmed COVID-19 cases, Wang et a [9]
reported fever (98.6%), dry cough (59.4%), and dyspnea (31.2%)
as the most common symptoms associated with COVID-19.
Moreover, al their patients presented bilateral GGOs on chest
CT. Inanother study, Zhu et al [10] analyzed the chest CT scans
of 72 patients with COVID-19, who were divided into two age
groups: <60 years (n=44) and >60 years (n=32). They reported
GGOsinthe periphera areas accompanied by interlobular septal
thickening, subpleural line, and pleura thickening. More
extensive involvement of the lobes and subpleural line and
pleural thickening in the patients older than 60 years was also
observed. In another study involving 51 patients with
COVID-19, Li and Xia[11] evaluated whether chest CT wasa
reliable tool for rapid diagnosis and management of patients
with COVID-19. They concluded that chest CT had a low
misdiagnosis rate for COVID-19, and common features
characteristic of COVID-19 include the presence of GGOs and
consolidation with or without vascular enlargement, interlobular
septum thickening, and air bronchogram. Furthermore, older
patients showed a greater degree of lung involvement than
younger patients. The chest CT findings of our patient also
indicated the presence of severebilateral pneumonia, ahigh CT
score 24, and characteristic imaging features reportedly
consistent with COVID-19 (GGO, interlobul ar septal thickening,
and subpleura fibrosis). In addition to presenting signs and
symptoms characteristic to COVID-19, where shortness of
breath is indicative of severe disease, several epidemiological
studies have reported that old age, male gender, and the presence
of underlying comorbidities including diabetes, hypertension,
cardiovascular disease, and rena and liver diseases are risk
factorsfor severe COVID-19[12,13]. Our patient also had some
of theserisk factors (old age, hypertension, and diabetes), which
indicated the possibility of progression to severe COVID-19.

As many of the factors were not indicative of a possibly
favorable outcome, the patient was administered a number of
therapeutic interventions including convalescent plasma,
anti coagul ants, antibiotics, corticosteroids, immunomodul atory
drugs, and antivirals during the course of hospitalization.

Based on the hospital protocol at the time, one of the first
interventionsour patient received was intravenous conval escent
plasmatherapy (CPT). CPT isbeing used in different countries
to provide passive immunization against SARS-CoV-2. It has
been hypothesized that if CPT is administered in early stages
of COVID-19, it reducestheoverall viral load, improvesdisease
prognosis, and increases the chances of survival among patients
with COVID-19 [14]. In aretrospective study [15], the clinical
outcomes of 37 critical patients with COVID-19 who received
CPT were compared with controls who were simultaneously
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hospitalized but did not receive CPT. Patients who received
CPT displayed greater improvement in SpO, and had a better

survival rate,

The pathogenesis of SARS-CoV-2 and its effect on host
physiology is currently under intense investigation. In cases of
severe COVID-19, the progression of viral infection manifests
in the form of a massive inflammatory response termed as the
cytokinestorm or CRS, whichinitialy affectsthelungs, causing
oxygen insufficiency and leading to ARDS, but can also spread
to other organs such as the heart, kidneys, and liver, leading to
multiple organ failure and eventually death [16,17].

The halmarks of CRS include high serum levels of
proinflammatory cytokines and chemokines, especialy thelL-1
family and IL-6, which initiate the inflammatory cascade
resulting in lung inflammation, fever, and fibrosis. These
changes can be monitored through laboratory parameters
including the lymphocyte count, which typically decreases (ie,
lymphocytopenia), and an increase in serum levels of CRP,
LDH, and ferritin [18]. The presence of these circulating
biomarkersisconsidered predictive of the severity of COVID-19
and adverse outcomes such as death among patients with
COVID-19 [19]. Hence, targeting them in order to reduce the
overal inflammatory cascade (ie, the CRS) is the first logical
step to control disease progression [16,20].

Use of glucocorticoid therapy for the management of CRS[21]
has been explored and is associated with a reduction in
respiratory inflammation and improvement in lung function,
often eliminating the need for invasive ventilation in cases of
severe or critical COVID-19. In a study by Liu et a [22],
administration of a pulse dose of methylprednisolone to 101
patients with COVID-19 resulted in improved lung function
among 15 patients who were criticaly affected, with only 1
patient requiring mechanical ventilation. In an open-label,
controlled clinical trial [23] of 2014 patients with COVID-19
who received dexamethasone and 4321 patients who received
usua care, the mortality rate was markedly reduced among
patients who received dexamethasone. Moreover, among
patientswho received dexamethasone, mortality ratesin patients
who required invasive and noninvasive mechanical ventilation
were significantly reduced, whereas no effect was observed
among patients who received no respiratory support.

In our case, theinitial use of CPT and methylprednisolone was
unableto curtail the cytokine storm and effectively prevent the
onset of ARDS. Consequently, the patient’s condition
deteriorated rapidly to the point where he was started on
continuous positive airway pressure on day 5. The patient was
then administered a regimen of combination therapy with 2
daily doses of dexamethasone and tocilizumab every 12 hours.
Tocilizumab is an anti—IL-6 antibody preparation, which has
been shown to be highly effectiveinimproving disease severity
by neutralizing IL-6, which plays amajor rolein inflammatory
cascades and resultsin ARDS [ 24]. In aretrospective assessment
of 21 critical patients with COVID-19, Xu et a [25] observed
aresolution of lymphopeniain 85% of patients and areduction
in CRPlevelsin 84.25% of patientswithin 5 days of tocilizumab
administration. Similarly, Guaraldi et a [26] reported that
administration of tocilizumab was positively correlated with
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recovery and reduced the requirement of invasive mechanical
ventilation at later stages.

In addition to the aforementioned immunomodul atory therapies,
our patient received remdesivir on day 8. Remdesivir is a
broad-spectrum antiviral agent that has previously been
investigated for its inhibitory effect on viral replication in the
Ebola virus, severe acute respiratory syndrome coronavirus,
and Middle East respiratory syndrome coronavirus. The
double-blind, randomized, placebo-controlled trial by Beigel
et a [27] concluded that 541 (of a total 1062) patients who
received remdesivir had a shorter recovery time (10 days as
compared to 15 daysin control group). Their data aso suggest
that remdesivir may reduce the progression of the disease to a
more severe stage. Since the results of the trial were made
public, remdesivir has become the first antiviral to have been
authorized by the Food and Drug Association for emergency
use among hospitalized adult patients at the risk of severe
disease [28]. The effects of the drug are, however, closely
monitored and updated with the emergence of new evidence
[29]. Thusfar, the preliminary results of amore recent solidarity
trial led by the World Health Organi zation recommended against
the use of remdesivir for the treatment of COVID-19 owing to
its limited efficacy [30]. Moreover, in addition to ambiguity
regarding its efficacy, remdesivir is also associated with acute
kidney and liver injury [31].

Furthermore, it has been suggested that remdesivir may be more
effective in combination with an immunomodulator such as
dexamethasone or tocilizumab. A number of trialsinvestigating
the use of remdesivir in combination with tocilizumab are
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currently underway, and the final verdict regarding its efficacy
isstill pending [29,30,32,33].

In our patient, however, the combination of remdesivir,
tocilizumab, and dexamethasone, administered at a favorable
time (ie, during the early stages of the disease when the patient
did not yet require mechanical intubation) resulted in timely
resolution of the cytokine storm, resulting in an improvement
in his ARDS symptoms and subsequent recovery. The
underlying reason could be attributed to the effective recognition
of risks and atimely administration of the available drugs.

Conclusions

Despite being the focus of medical and scientific studies for
more than ayear, worldwide avail ability of asafe and effective
COVID-19 vaccinestill remainsto be accomplished. Similarly,
anumber of antiviralsand immunomodulators are being actively
tested; however, an effective combination is still unavailable.
Therefore, to effectively control COVID-19, thereis aneed to
continuously explore and identify safe, effective combinations
of the already available therapeutic agents. In order to ensure
the safety and survival of patients, thereisalso a constant need
to stay informed about the latest evidence. In our patient with
CRSwith normal liver and renal functions, combined treatment
with tocilizumab, dexamethasone, and remdesivir hel ped reduce
CRS and the subsequent requirement of mechanical ventilation.
However, mixed evidence regarding the use of tocilizumab in
combination with remdesivir suggests that caution should be
exercised until more evidence is available for or against this
combination for it to become a treatment regimen nationwide.
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ARDS: acute respiratory distress syndrome
BD: twice daily

CPT: convalescent plasma therapy

CRP: Creactive protein

CRS: cytokine release syndrome

CT: computed tomography

FiO,: fraction of inspired oxygen

GGO: ground glass opacity

IL: interleukin

OD: oncedaily

PEEP: positive end-expiratory pressure
PSV: pressure support ventilation.
RT—PCR: reverse transcription—polymerase chain reaction
SpO,: oxygen saturation
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Abstract

Background: Sincethe first reports of COVID-19 infection, the foremost requirement has been to identify a trestment regimen
that not only fights the causative agent but also control s the associated complications of theinfection. Due to the time-consuming
process of drug discovery, physicians have used readily available drugs and therapies for treatment of infections to minimize the
death toll.

Objective: Theaim of this study isto provide a snapshot analysis of the major drugs used in a cohort of 1562 Pakistani patients
during the period from May to July 2020, when the first wave of COVID-19 peaked in Pakistan.

Methods: A retrospective observational study was performed to provide an overview of the magjor drugs used in a cohort of
1562 patients with COVID-19 admitted to the four major tertiary-care hospitals in the Rawal pindi-1slamabad region of Pakistan
during the peak of the first wave of COVID-19 in the country (May-July 2020).

Results: Antibioticswere the most common choice out of all the therapies employed, and they were used asfirst line of treatment
for COVID-19. Azithromycin was the most prescribed drug for treatment. No monthly trend was observed in the choice of
antibiotics, and these drugs appeared to be a random but favored choice throughout the months of the study. It was also noted
that even antibiotics used for multidrug resistant infections were prescribed irrespective of the severity or progression of the
infection. The results of the analysis are alarming, as this approach may lead to antibiotic resistance and complications in
immunocompromised patientswith COVID-19. A total of 1562 patients (1064 male, 68.1%, and 498 femal e, 31.9%) with amean
age of 47.35 years (SD 17.03) were included in the study. The highest frequency of patient hospitalizations occurred in June
(846/1562, 54.2%)).

Conclusions: Guidelines for atargeted treatment regime are needed to control related complications and to limit the misuse of
antibiotics in the management of COVID-19.

(JMIR Public Health Surveill 2021;7(5):e28594) doi:10.2196/28594
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Introduction

In December 2019, aviral outbreak of pneumoniawas reported
in a city in Chinain December 2019 [1]; this outbreak would
have a substantial impact worldwide. Shortly after the first
reportsof thediseasg, it rapidly spread globally and was declared
a pandemic by the World Health Organization in 2020 [2]. The
official name for this pneumonia-like disease is COVID-19,
and the virus that causes it is called SARS-COV-2 [3]. The
pathological conditions of COVID-19 infection were classified
into five categories, from asymptomatic to critical, according
to clinical manifestations [4]. It has already been reported that
approximately one-fifth of the hospitalized patients with
COVID-19 are admitted to intensive care units due to difficulty
in breathing or acute hypoxemic respiratory failure [5-8].

More than a year has passed since the initial outbreak, and
SARS-CoV-2 continues to spread globally, crippling the
economy, damaging health, and causing mortality each day; the
current count has reached a staggering 112.65 million confirmed
infections and 2.49 million deaths[9,10]. With the rapid spread
of COVID-19 acrosstheworld, prompt diagnostic tools, readily
avallable repurposable drugs, and effective containment
measures to control SARS-CoV-2 infection are of paramount
importance. The pandemic has also exposed inadequate research
and health infrastructures globally, especially in countries such
as Pakistan, where basic health care necessities were scarce
when the infection reached its peak in June 2020 [11,12].

The second wave of COVID-19 infections being reported by
various countries, including Pakistan, is proving to be even
more chalenging to address because of the severity of
COVID-19-elated complications, which vary with gender and
age[13-15], underlying diseases and disorders, and even delay
in hospital admissions[16,17]. Human behavior isalso amajor
factor causing the resurge in infections [18]. The relationship
between adherence to precautions and cases of COVID-19 is
clear: in areaswhere fewer people wear masks and more people
gather indoors to eat, drink, celebrate, socialize, and observe
religious practices, even if only with family, cases are on the
rise [19-21].

With overburdened health care systems and an increasing
number of infections among medical staff, the ultimate way to
overcome this pandemic remains the discovery of an effective
vaccine. Although pharmaceutical companies worldwide have
introduced several vaccines to date [22,23], effectively
vaccinating a sufficiently large number of people all over the
world is a lengthy process [24,25]. Moreover, with reports of
new strains from different regions, the effectiveness of some of
these vaccines against multiple mutant strains shows mixed
results [26]. As a result, repurposing existing drugs to target
SARS-CoV-2 and treat COVID-19-associated symptoms still
appears to be a logical scientific approach at the moment to
contain this pandemic. | dentifying and appropriating an effective
combination of drugsfrom the available repertoireisachallenge
in itself. The hit-and-trial method is dangerous but inevitable
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in the current situation. Small-scale studies were performed in
which afew drugswere reported to be effective; however, these
drugs were later proved to result in no significant differencein
clinical outcomes[27-29].

Currently, as observed in various reports globally aswell asin
Pakistan, supportive treatment, mechanical ventilation, and
extracorporeal membrane oxygenation remain the primary
treatment choicesfor medical practitioners. Therapeutic options
that are being considered and used include antiviral,
antiparasitic, and anti-inflammatory medications; interferon
therapy; convalescent plasma therapy; hyperimmunoglobulin;
oligonucleotide-based therapies; and, rarely, RNA interference
and mesenchymal stem cell therapy [30-32].

In this study, we explored the use of antibiotic and antiviral
drugs for the treatment of patients admitted during the peak of
the first wave of COVID-19 in Pakistan (May-July 2020).
Directions for treatment of the disease during the first wave
phase were not very clear, and many necessities, including
drugs, were out of stock in local markets due to lockdowns,
high demand, limited stocks, and closure of borders.

Methods

Study Design

Clinical data from 1812 confirmed patients with COVID-19
admitted to four major tertiary care hospitals in Pakistan, that
is, Pakistan Air Force Hospital, Islamabad, Pakistan Institute
of Medical SciencesHospitd, Iamabad, Holy Family Hospital,
Rawal pindi, and Benazir Bhutto Shaheed Hospital, Rawal pindi,
were retrospectively collected during the period from February
to August 2020.

Patient Selection, Timeline, and Data Collection

Confirmed COVID-19 cases were defined as patients with a
positive polymerase chain reaction test for COVID-19 from
nasal and oropharyngeal swab samples taken at the time of
admission to the hospital. Patients with incomplete data were
excluded. Descriptive data of 1562 patients admitted during the
months of May to July 2020 were abstracted and analyzed
accordingly. The dataincluded information about the patients
age, gender, dates of admission and discharge (or death),
medical history, presenting signs and symptoms, initial
categorization of COVID-19 (mild, moderate, severe, and
critical), and types of therapeutic agents (including but not
limited to use of antibiotics, antimalarials, antivirals,
antiparasitics, anticoagulants, and corticosteroids) used for
treatment and management of COVID-19 during their hospital
stay.

The statistical analysis was conducted using SPSS, version 24
(IBM Corporation) and Stata 16.1 (StataCorp LL C). Categorical
variables were described using frequencies and percentages
[33,34]. Chi-square tests and Fisher exact tests were used to
compare percentages wherever appropriate. This retrospective
cohort study was approved by the ethics review board of
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Rawalpindi Medica University. Data were collected with
approval of the National Institute of Health (NIH), Pakistan.

Results

A total of 1562 patients were included in the study; 1064
(68.1%) were male and 498 (31.9%) were female, with amean

Table 1. Baseline characteristics of the study participants (N=1562).

Akhtar et &

age of 47.35 years (SD 17.03). The basic demographic
characteristics of the hospitalized patients with COVID-19 and
their distribution acrossthe hospitals are shownin Table 1. The
frequencies of admission during the months of May, June, and
July 2020 were 37.9% (592/1562), 54.2% (846/1562), and 7.9%
(124/1562), respectively.

Characteristic Value
Age (years), mean (SD) 47.35 (17.03)
Gender
Male 1064 (68.1)
Female 498 (31.9)
Admission frequency of patients across hospitals, n (%)
Benazir Bhutto Shaheed Hospital, Rawal pindi 813 (52.0)
Holy Family Hospital, Rawalpindi 470 (30.1)
Pakistan Institute of Medical Sciences Hospital, |slamabad 135(8.3)
Pakistan Air Force Hospital, |slamabad 144 (9.2)
Admission frequency of patients acrossthe period of the study, n (%)
May 2020 592 (37.9)
June 2020 846 (54.2)
July 2020 124(7.9)

Of the 19 drugs reportedly used for treatment of COVID-19
and management of COVID-19—related symptoms, the most
frequently used antibiotic was azithromycin (1384/1562, 88.6%),
followed by ceftriaxone (369/1562, 23.6%). Anticoagulants
such as heparin (337/1562, 21.6%) and enoxaparin sodium
(310/1562, 19.8%) and steroids such as hydrocortisone
(409/1562, 25.7%) were also among the 5 most frequently used
drugs. The relative distribution of administered drugs across
hospitals during the first wave of COVID-19 isgiven in Figure
1. Theload of patients at each hospital was different; however,

https://publichealth.jmir.org/2021/5/€28594

the trends of the regimens used were similar. The peak of the
first wave of COVID-19 in Rawal pindi-lslamabad was observed
during June 2020. The trends of drug use during the first wave
of COVID-19 in Pakistan are shown in Figure 2 and Table 2.

Although the load over hospital varied during the 3 months, the
choices of drugs used to treat COVID-19 remained the same.
The frequencies and percentages of the prescription of these
drugs are given in Table 3. Different combinations were used,
and these combinationsincluded drugs from various categories,
such as anticoagul ants, corticosteroids, and antibiotics.
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Figure 1. Hospita-wise relative distribution of different drugs administered to patients with COVID-19 during the first wave of the pandemic in
Pakistan. BB: Benazir Bhutto; HF: Holy Family; PAF: Pakistan Air Force; PIMS: Pakistan Institute of Medical Sciences.
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Figure 2. Relative distributions of different drugs administered to patients with COVID-19 in each month during the first wave of the pandemic
(May-July 2020) in Pakistan.
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Table 2. Distributions of different drugs administered to patients with COVID-19 (N=1562) in each month during the first wave of the pandemic
(May-July 2020) in Pakistan.

Drug Prescriptions, n (%)
PatientsadmittedinMay Patientsadmittedin June Patients admitted in July  patients not prescribed®
2020 (n=592) 2020 (n=846) 2020 (n=124)

Azithromycin 531 (89.7) 743 (87.8) 110 (88.7) 178 (11.4)
Ceftriaxone 148 (25) 191 (22.6) 30(24.2) 1193 (76.4)
Imipenem/cilastatin 55(9.3) 74 (8.7) 10(8.1) 1423 (91.1)
Piperacillin/tazobactam 107 (18.1) 145 (17.1) 14 (11.3) 1296 (83)
Moxifloxacin 11(1.9) 7(0.8) 3(24) 1542 (98.7)
Cefixime 4(0.7) 3(0.4) 1(0.8) 1554 (99.5)
Levofloxacin 8(1.4) 9(1.1) 1(0.8) 1544 (98.8)
Vancomycin 1(0.2) 8(0.9) 0(0) 1553 (99.4)
Clarithromycin 12 (2.0) 13(1.5) 3(24) 1534 (98.2)
Meropenem 14(2.3) 35(4.1) 7(5.6) 1506 (96.4)
Hydrocortisone 166 (28) 214 (25.3) 29 (23.4) 1153 (73.8)
Methy! prednisolone 72(12.2) 113 (13.4) 12(9.7) 1365 (87.4)
Dexamethasone 46 (7.8) 78(9.2) 6 (4.8) 1432 (91.7)
Enoxaparin sodium 115 (19.4) 180 (21.3) 15 (12.1) 1252 (80.2)
Heparin 138 (23.3) 172 (20.3) 27 (21.8) 1225 (78.4)
Hydroxychloroquine 79 (13.3) 116 (13.7) 13 (10.5) 1354 (86.7)
Ivermectin 17 (2.9) 16 (1.9) 1(0.8) 1528 (97.8)
Acyclovir 3(0.5) 5(0.6) 0(0) 1554 (99.5)
Oseltamivir 7(12) 5(0.6) 0(0) 1550 (99.2)

3percentages cal culated based on the total number of patients across 3 months (N=1562).
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Table 3. Drugs used during the first wave of COVID-19 to treat patients (N=1562) in all four hospitals under study.

Drug

Value, n (%)

Antibiotics

Azithromycin 1384 (88.6)

Ceftriaxone 369 (23.6)

Cefixime 8(0.51)

Meropenem 56 (3.6)

Imipenem/cilastatin 139 (8.9)

Piperacillin/tazobactam 266 (17.0)

Vancomycin 9(0.6)

Clarithromycin 28 (1.8)

Moxifloxacin 21(1.3)

Levofloxacin 18(1.1)
Corticosteroids

Hydrocortisone 409 (26.2)

Methylprednisolone 197 (12.6)

Dexamethasone 130 (8.3)
Anticoagulants

Enoxaparin sodium 310 (19.8)

Heparin 337 (21.6)
Antimalarial

Hydroxychloroquine 208 (13.3)
Antiparasitic

Ivermectin 34(2.2)
Antiviral

Acyclovir 8(0.5)

Oseltamivir 12 (0.8)

Discussion caused by opportunistic bacteria due to low immunity during

Principal Findings

Our results show that the highest proportion of admissions
occurred in the month of June (846/1562, 54.2%), just after
Eid-ul-Fitr (the Muslim festival, which was held on May 23
and 24 in 2020). It is worth noting that this was the time when
the first wave of COVID-19 infections was at its peak in
Pakistan; however, thetrend of the treatment regimen remained
the same during the period of the first wave [35-37]. However,
after thisperiod, adramatic decreasein infectionswas observed
due to effective precautions and regulations imposed by the
government, including “smart lockdown” in potential hotspots,
implementation of standard operating procedures, and closure
of academic buildings [38].

Our study reports the use of up to 10 antibiotics of different
classes. The effectiveness of the use of antibiotics for the
treatment of COVID-19 isdebatable, and evidence of their direct
inhibitory effect on viral replication or pathogenesis remainsto
be proved. These antibiotics are generally used to treat upper
respiratory tract infections, pneumonia, and other infections

https://publichealth.jmir.org/2021/5/€28594

viral infection. Azithromycin was widely used because it is a
broad-spectrum antibiotic and can treat chest infections,
including pneumonia, which is also a manifestation of
COVID-19 infection; infections of the nose and throat, such as
sinus infections (sinusitis); skin infections; Lyme disease; and
some sexually transmitted infections [39].

In addition to antibiotics, some other frequently used drugswere
anticoagulants (heparin  and enoxaparin  sodium) and
corticosteroids (hydrocortisone and methylprednisolone). Use
of anticoagulants and steroids is indicated for reduction of the
inflammatory effects of SARS-CoV-2, which helps control
disease progression to a limited extent; however, no succinct
combination was observed in terms of treating COVID-19 [40].

Challengesand Shortcomingson the Therapeutic Front

Despite the fact that the antibiotics supported the combined
therapies used against COVID-19, thereisstill no evidence that
supports the use of these antibiotics to treat viral infection by
health care professionals in Pakistan. Other drugs, such as
anticoagulants and steroids, were also used as supportive

JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 |[e28594 | p.239
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

therapy; however, thereisaneed to establish standard guidelines
to treat patients with COVID-19—+elated complications. The
experimental hit-and-trial approach of various combinations of
drugs and the alarming frequency with which antibiotics were
used will eventually lead to antibiotic resistance in the human
population. One of the major challenges faced by health care
professional s globally was the reliability on available therapies
against the newly introduced virus. Mutations in RNA viruses
are more frequent compared to those in DNA species;
COVID-19, being an RNA virus, is a great threat to humanity.
Modernresearch is necessary to study mutableinfectious agents
to develop multifaceted therapies to target the pathways of
infection.

Conclusion

Thisstudy highlightsthetrend of drugs used to treat COVID-19
infectionsin early the months of the pandemic across Pakistan.
The use of antibiotics by health care professionals to treat
COVID-19 is questionable. It signifies the lack of specific
guidelines that must be followed by all hospitals in terms of
treatment regimens, and organizations such asthe NIH and the
Centers for Disease Control and Prevention must not only
provide guidelinesto address the pandemic but also ensure that
those guidelines are strictly being followed throughout the
country. This study reveals the weaknesses in the health care
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Abstract

Background: Social media platforms such as YouTube are used by many people to seek and share health-related information
that may influence their decision-making about COV1D-19 vaccination.

Objective: The purpose of this study wasto improve the understanding about the sources and content of widely viewed YouTube
videos on COVID-19 vaccination.

Methods: Using the keywords “coronavirus vaccination,” we searched for relevant YouTube videos, sorted them by view count,
and selected two successive samples (with replacement) of the 100 most widely viewed videos in July and December 2020,
respectively. Content related to COVID-19 vaccines were coded by two observers, and inter-rater reliability was demonstrated.

Results: Thevideosobserved in this study were viewed over 55 million times cumulatively. The number of videosthat addressed
fear increased from 6 in July to 20 in December 2020, and the cumulative views correspondingly increased from 2.6% (1,449,915
views) to 16.6% (9,553,368 views). There was also alarge increase in the number of videos and cumulative views with respect
to concerns about vaccine effectiveness, from 6 videos with approximately 6 million views in July to 25 videos with over 12
million views in December 2020. The number of videos and total cumulative views covering adverse reactions aimost tripled,
from 11 videos with approximately 6.5 million (11.7% of cumulative views) in July to 31 videos with almost 15.7 million views
(27.2% of cumulative views) in December 2020.

Conclusions: Our datashow the potentially inaccurate and negative influence social media can have on popul ation-wide vaccine
uptake, which should be urgently addressed by agencies of the United States Public Health Service aswell asitsglobal counterparts.

(IMIR Public Health Surveill 2021;7(5):€28352) doi:10.2196/28352

KEYWORDS
YouTube; vaccination; COVID-19; socia media; communication; misinformation; disinformation; adverse reactions

approximately 1 year following this declaration, over 2 million
deathsworldwide [3] had been directly attributed to COVID-19,

Atthe end of 2019, the World Health Organization (WHO) was  the disease caused by SARS-CoV-2. At a similar time, the
informed by the Chinese health authorities about a cluster of ~UNited States” Centers for Disease Control and Prevention
pneumonia cases, which was shortly theresfter attributed to a  (CDC) issued awarning that a variant of SARS-CoV-2, first
novel coronavirus (SARS-CoV-2) [1]. By the end of January identified in England in late 2020 and known as“B.1.1.7,” had

2020, the WHO characterized these outbreaks asapublic health  Peen detected in at least 10 US states [4]. Research suggests
emergency [2]. At the time of writing this manuscript that B.1.1.7, aswith other identified variants circul ating globally,
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is more highly transmissible. The spread of the variant is of
great public health concern in terms of repercussions on case
counts and, consequently, hospital capacity and eventual
mortality [4]. To say that the impacts of the COVID-19 global
pandemic on morbidity, mortality, and global economies have
been devastating would be a vast understatement. The degree
to which the pandemic has exacerbated preexisting economic
and health inequities has been staggering. Yet, the record speed
with which multiple COVID-19 vaccinations were devel oped
and received emergency use authorization in under ayear’stime
not only provides hope but represents an astounding scientific
accomplishment.

In early January 2020, scientistsfirst made the genome sequence
of SARS-CoV-2 available on the web [5], and by mid-March
2020, Moderna’ s experimental messenger RNA (mRNA )-based
vaccine entered phase 1 of clinical trials[6]. By early December
2020, regulatorsin the United Kingdom approved the emergency
authorization status for the Pfizer and BioNTech COVID-19
vaccines[7], and 6 days|ater, the United States Food and Drug
Administration (FDA) followed suit [8]. By December 18, 2020,
a second mMRNA vaccine developed by Moderna was aso
granted emergency use authorization in the United States by
the FDA [9]. Although therollout of vaccinesin many countries
has been slower than anticipated [10], as of March 1, 2021,
nearly 7.8 billion vaccinations have been administered globally
[11]. It is well known that the pipeline from vaccine
development to distribution isnormally rather slow, in no small
part due to the tremendous expense involved. However, the
rapid sequencing of the virus (SARS-CoV-2), international
scientific collaboration, and government financial support [6]
have helped to dramatically speed up the pacein this case. The
nature of the MRNA vaccines, which do not require culturing
or fermentation but instead rely on synthetic RNA, has further
facilitated more rapid development [6].

Despite the highly encouraging safety and efficacy profiles of
COVID-19 vaccines that have been granted emergency use
authorization, thusfar, the very processesthat allowed for rapid
development have also been a source of public concern, with
possible negative effects on the uptake of vaccination [12].
Vaccine hesitancy is multi-factorial phenomenon, often driven
by a confluence of factors. Not the least of which is a mistrust
of scientific experts and government officials [13], which, for
some populations, is grounded in the trauma of racist
exploitation, disregard, and injustice [14]. Although vaccine
hesitancy has along history [15,16], it isfair to say that today,
theinternet facilitates, if not drives, both vaccine misinformation
and disinformation [17]. Vaccine misinformation pertains to
erroneous conclusions based on incomplete or incorrect facts,
whereas vaccine disinformation involves the purposeful spread
of falsehoods related to both specific vaccines and vaccination,
ingeneral [17]. The spread of misinformationislikely facilitated
by fear and misunderstanding of vaccine development and
approval processes. In contrast, in the latter case, the intent is
clearly nefariousin nature.

Social mediaplatforms have become adominant communication
channel through which people seek and share health-related
information [18,19]. Research suggests that this is no less the
case for information on COVID-19 [20]. Although different

https://publichealth.jmir.org/2021/5/28352
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age cohorts tend to prefer different social media platforms,
overdl, YouTube is extremely popular, with nearly
three-quarters of the US adult population known to have used
the platform [21]. Founded in 2005, YouTube has over 2 hillion
users [22]. YouTube videos can be accessed in 80 different
languages, and over abillion hours of video are streamed every
day [22]. As with social media platforms in genera,
health-related content shared on YouTube is often not
empirically grounded and yet can easily be accessed [23].
Research on coronavirus-rel ated videos on YouTube is nascent
but the results thus far are mixed, with some studies finding
that the majority of video content is reliable [24,25], whereas
other studies, including those previously undertaken by authors
of this study group [26], demonstrating otherwise. At the time
of this study, there is little published research on COVID-19
vaccination content on YouTube, with the exception of our
previous study that revealed that the majority of videos were
uploaded by news outlets and did not contain misinformation
[27]. Our prior investigation was conducted relatively early in
the pandemic (early-April 2020). Continued monitoring and
analysis of social media coverage of COVID-19 vaccine
messages is vital to improve its understanding among public
health officials about responding to questions and concernsthat
may produce vaccine hesitance and impede community
mitigation. The purpose of this study was, therefore, to build
on and update the findings of our previous investigation and
add to the repository of scientific knowledge on COVID-19
social media content.

Methods

Using a cleared browsing history, and the keywords
“coronavirus vaccination,” we searched YouTube for relevant
videos, sorted them by view count, and conducted a successive
sampling study. Two successive samples (with replacement)
were selected and each included the 100 most widely viewed
videos in July and December 2020, respectively. Half of the
videos in each sample were independently coded by one
researcher (EZ or CHB), and a 10% random sample was coded
by both researchersto demonstrate inter-rater reliability (using
the Kappa coefficient), which was found to be high (k=.969 in
Round 1 and k=.963 in Round 2). Metadata were gathered for
each video, including date uploaded, source, length (in minutes),
and number of views. A video content checklist developed for
this and our prior study of vaccine use on YouTube was based
on a CDC fact sheet [27]. Content coverage related to vaccine
development, fast-tracking, emergency use authorization,
manufacturing, dissemination, eigibility, dosing, herd immunity,
concerns about adverse reactions, fear, effectiveness, and
immunity duration were dichotomously coded as “present” or
“absent” The analysis comprised frequency and percentage
distributions for dichotomous content variables and the
proportion of total cumulative views garnered by videos
addressing each content category. For continuous variables
(number of video views and length of video), mean and SD
were computed. Analysis was conducted within each of the
successive samples using SPSS software (version 25.0; IBM
Corp.). At William Paterson University and Columbia
University, studies that do not involve human subjects are not
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subject to review; the Institutional Review Board at Teachers
College of Columbia University reviewed the study protocol
and deemed the research exempt from review.

Results

Thevideos evaluated in this study were viewed over 55 million
times. Twenty-nine of the videos from the July sample were
retained in December. The mean length of the videosin the two
sampleswas 7.5 minutes (see Table 1). Over 80% of thewidely
viewed videos in each sample originated from television or
internet news, whereas fewer than 10% of the videos originated
from consumers, professionals, or entertainment television.
Between the two rounds, there were 14 professional videos, 7
in each round with 4 overlapping between the rounds. The
professional videos in Round 1 comprised 4.4% of the total
views (2,403,245/55,086,261) and those in Round 2 comprised
3.8% of the total views (2,157,142/57,506,506).

The vaccine devel opment process was the most covered topic,
followed by fast-tracking of the vaccine (see Table 2). The

Basch et d

vaccine manufacturing process was covered in 31 videosin July
2020 and 36 videos in December 2020, garnering amost
one-third of the cumulative viewsin each sample. Therewas a
44% increase in the share of cumulative views of videos
addressing vaccine dissemination from July
(10,197,203/55,086,261, 18.5%) to December 2020
(14,732,085/57,506,506, 25.6%). This is attributable to the
approximately 60% increasein videos covering thistopic, from
17 in July 2020 to 27 in December 2020. From July to
December, videos covering vaccine eligibility more than
doubled (from 12 to 25), with the cumulative views increasing
from <5.5 million to >9.5 million; however, even in December
2020, videos covering this topic accounted for only 16.8%
(9,652,883/57,506,506) of the cumulative views. The number
of videos addressing vaccine dosing increased from 4 to 26,
and cumulative views of videos addressing dosing increased
from 4% (2,217,251 views) to 15.7% (9,017, 039 views). There
was relatively little change in the percentage of cumulative
views garnered by videos addressing herd immunity or the
duration of immunity derived from COVID-19 vaccines.

Table 1. Characteristics of successive samples of YouTube videos about COVID-19 vaccination, July through December 2020.

Characteristic Value, n (%)

July 2020 (n=100)

December 2020 (n=100)

Video views
Total views 55,086,261 57,506,506
Mean views (SD) 550,863 (620,691) 575,065 (604,247)
Range 135,729-4,016,406 196,294-4,038,435
Video length (minutes)
Mean length (SD) 8.2(9.4) 7.2(6.3)
Range 0.4-51.4 0.5-354
Source
Consumer 5(5) 8(8)
Professional 7() 7(7)
Television or internet news 84 (84) 81 (81)
Entertainment television 4(4) 4(4)
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Table 2. Content of successive samples of YouTube videos about COVID-19 vaccination, July through December 2020.
Content covered July 2020 December 2020
Number of ~ Number of views(n) Percentageof cu- Number of ~ Number of views  Percentage of
videos (n) mulativeviews(%) videos (n) (n) cumulative
views (%)
Vaccine development 77 47,745,687 86.7 93 52,907,010 92.0
Fast-tracking 57 31,891,480 57.9 70 40,140,849 69.8
Emergency use authorization 3 593,609 11 22 10,132,084 17.6
Vaccine manufacturing 31 17,498,885 318 36 18,817,111 32.7
Vaccine dissemination 17 10,197,203 185 27 14,732,085 256
Vaccine eligibility 12 5,410,203 9.8 25 9,652,883 16.8
Vaccine dosing 4 2,217,251 4.0 26 9,017,039 15.7
Herd immunity 5 2,286,901 4.2 6 3,173,062 55
Adverse reactions to the vaccine 11 6,456,465 117 31 15,686,832 273
Fear 6 1,449,915 26 20 9,553,368 16.6
Concerns about effectiveness 6 5,966,961 10.8 25 12,317,526 21.4
Concerns about immunity duration 5 2,415,092 44 10 3,953,045 6.9

In contrast, the number of videos that addressed fear increased
from 6 (July 2020) to 20 (December 2020), and the
corresponding percentage of cumulative views increased from
2.6% (1,449,915 views) to 16.6% (9,553,368 views). There was
also alarge increase in the number of videos and cumulative
views between the two samples with respect to concerns about
vaccine effectiveness, from 6 videos with approximately 6
million views to 25 videos with over 12 million views, and a
commensurate increase in the proportion of cumulative views
(from 10.8% to 21.4%). The number of videos and total
cumulative views covering adverse reactions almost tripled
from 11 videos with approximately 6.5 million views (11.7%
of cumulative views) in July to 31 videos with almost 15.7
million views (27.2% of cumulative views) in December 2020.

Discussion

Vaccinations have resulted in the eradication of small pox and
considerable reductions in measles, mumps, rubella, polio,
varicella, and many other infectious diseases [28]. Studying
vaccinations historically shows the large time gaps that occur
between  scientific ~ conceptuaization,  development,
manufacturing, approval, and population-wide uptake. The
current pandemic provides a remarkable example of
unprecedented speed in devel oping, testing, and emergency use
authorization of multiple vaccines[6,29,30], and bodeswell for
primary prevention of COVID-19.

Theonly two waysto achieve primary prevention of COVID-19
isby decreasing exposureto SARS-CoV-2 and evolving variants
and reducing susceptibility through active infection or
vaccination (although the efficacy of vaccinesislessthan 100%
and the duration of immunity conferred through active infection
or vaccination isequivocal). Aslong as COVID-19isspreading
through communities, social distancing, mask use, and hand
hygiene are the best ways for reducing exposure among
susceptible people [31-33]. Manufacturing and distributing

https://publichealth.jmir.org/2021/5/28352

vaccines in ways that result in widespread uptake is the key
public health strategy for reducing population-wide
susceptibility to COVID-19 [34].

Behaviorsfor reducing exposure and susceptibility both require
voluntary decision-making by individuals. Reducing exposure
through socia distancing, mask use, avoiding crowded or poorly
ventilated spaces, and practicing hand hygiene is challenging
for many reasons. Not only are there economic pressures for
frontline workers to be around others, but because people are
inherently social and have been isolated to a greater or lesser
degree since the pandemic was declared a global public health
emergency by the WHO in January 2020, it is also inevitable
that COVID-19 will continue to be transmitted within and
among communities. Hence, reducing susceptibility through
vaccination provides the greatest long-term hope for primary
prevention of COVID-19.

The main public health challenge now is the popul ation-wide
vaccine uptake and concomitant herd immunity. Observations
in fields ranging from agriculture to technology indicate that
something new—in this case, the uptake of a new
vaccine—follows predictable patterns of adoption, with some
population segments likely to adopt an innovation, and
successive population segments adopting at slower rates over
time until the last segment—Iaggards, who are most resistant
and may never adopt the innovation [35]. A substantial
proportion of the United States [36] and the global [37]
population is reportedly hesitant to receive a COVID-19
vaccination. In the United States, population segments that
appear most hesitant vary by demographic and social
characteristics, for example, those who appear to be more
hesitant are women, younger and middle-aged adults,
non-Hispanic Black people, adults with lower income and
educational attainment and no health insurance, and adults
residing in nonmetropolitan areas [36,38]. Various reasons for
vaccine hesitancy have been identified, including concerns about
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side effects, safety, effectiveness, lack of trust in the
government, and how politics has influenced vaccine
development [35].

Themainimplication for public health education isthat different
messages are more or lessrelevant to assist different population
segments to make informed decisions about vaccination, and
the nature of messaging is dynamic and influenced by rapidly
changing social context. Communication strategies have been
proposed based on the level of vaccine hesitancy [39]. The
current challenge is different than those of the past, not only
because the speed with which new information about COVID-19
and vaccination effectiveness and availability isbeing generated
but also because of the speed with which information is
disseminated throughout the population via social media
Although avery small proportion of serious adverse reactions
have occurred following the 76+ million doses of COVID-19
vaccinations administered between December 14, 2020, and
March 1, 2021 [40], our results show that the number of widely
viewed YouTube videos covering the topic of adverse reactions
to COVID-19 vaccine ailmost tripled from 11 in July to 31 in
December 2020, with acommensurate increasein the proportion
of cumulative views (from 11.7%, representing 6.4 million
views, to 27.2%, representing 15.6 million views). The coverage
of concerns about effectiveness more than quadrupled with
regard to the number of videos (6 videos in July to 25 videos
in December 2020), and amost doubled with regard to the
proportion of cumulative views (from 10.8%, representing
approximately 6 million views, to 21.4%, representing >12
million views). The extent to which messages arewidely viewed
can affect consumers' beliefs and decision-making regarding
the uptake of COVID-19 vaccination. Public health agencies
responsible for helping people make informed decisions about
vaccination must, therefore, monitor widely viewed social media
on a daly basis to identify and address sources of
misinformation and disinformation. In the context of this global
public health emergency, we believe social media companies
also share this responsibility [41].

A comprehensive national prevention strategy is needed to
mitigate further morbidity and mortality caused by COVID-19,
and an essential element of this strategy isto discover waysto
assist the publicin making informed decisions about vaccination
[42,43]. Disseminating up-to-date and accurate information
through social mediais one of the most effective waysto reach
a large proportion of the population. To date, public health
agencies have had limited effectiveness in achieving this goal.
Equally, if not more concerning, isthat the effortsby individuals
and groups to discourage vaccination are effectively reaching
people who are uncertain or ambivalent about being vaccinated
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[44]. It is aso essential for an effective national prevention
strategy to recognize and address other barriers that preclude
individuals ability to make informed decisions about
vaccination, such as limited access to the internet necessary to
schedule an appointment, loss of income from taking time off
from work, and lack of transportation.

This study isdelimited in scope in several ways. First, only the
time period between July and December 2020 was sampled.
The choice of these two pointsin time was somewhat arbitrary,
but represents different pivotal points in the vaccine
development process. Second, only 100 videos were included
in each sample. Third, only certain content was coded. Fourth,
attributes of videos were only examined in relation to the
number of views, and we cannot distinguish between the number
of views and the number of viewers. We did not have data on
the characteristics of viewers such as geography or
demographics, nor did we know the extent to which, if any,
these videos impacted behavior. Finally, we relied on the
keywords “coronavirus vaccineg” to search for and sort the
videos; thus, we relied on YouTube search agorithms. The
main outcome for this study—the number of views—relied on
YouTube numbers and sorting algorithms. Despite these
delimitations, with the exception of our pilot study [27], we did
not identify any published studies examining YouTube videos
related to COVID-19 vaccine messages. Although the sample
size was small, the videos examined were widely viewed. This
study wasintended as a stepping-stone to improve understanding
about videos that reach a large number of people. This is not
only important for reaching the general population with accurate
information about vaccinations but also for being aware and
responding to disinformation and misinformation that may be
disseminated through widely viewed content on social media,
and influence the hesitancy of people who are uncertain about
receiving avaccine.

In conclusion, our data show the potentially inaccurate and
negative influence social media can have on population-wide
vaccine uptake that should be urgently addressed by agencies
of the United States Public Health Service aswell asits global
counterparts. At thetime of thisstudy (the second half of 2020),
videos uploaded by public health agencies or professionalshave
had limited presence among the widely viewed YouTube videos
that have reached millions of people. Different approaches are
needed to understand and address the concerns subgroups of
people have about COV ID-19 vaccination. Improving the extent
to which social media reaches the public with comprehensible,
up-to-date, and scientifically accurate information must be a
part of a comprehensive national strategy to help people make
informed decisions about vaccination.
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