JMIR PUBLIC HEALTH AND SURVEILLANCE McNeil et a

Review

The Landscape of Participatory Surveillance Systems Across the
One Health Spectrum: Systematic Review

Carrie McNeil, DVM, MPH; Sarah Verlander, MSPH; Nomita Divi, MSPH; Mark Smolinski, MD, MPH
Ending Pandemics, San Francisco, CA, United States

Corresponding Author:

Carrie McNeil, DVM, MPH

Ending Pandemics

870 Market Street, Suite 528

San Francisco, CA, 94102

United States

Phone: 1 415571 2175

Email: carrie@endingpandemics.org

Abstract

Background: Participatory surveillance systems augment traditional surveillance systems through bidirectional community
engagement. The digital platform evolution has enabled the expansion of participatory surveillance systems, globally, for the
detection of health events impacting people, animals, plants, and the environment, in other words, across the entire One Health
spectrum.

Objective:  The aim of this landscape was to identify and provide descriptive information regarding system focus, geography,
users, technology, information shared, and perceived impact of ongoing participatory surveillance systems across the One Health
Spectrum.

Methods: This landscape began with a systematic literature review to identify potential ongoing participatory surveillance
systems. A survey was sent to collect standardized datafrom the contacts of systemsidentified in theliterature review and through
direct outreach to stakeholders, experts, and professional organizations. Descriptive analyses of survey and literature review
results were conducted across the programs.

Results:  The landscape identified 60 ongoing single-sector and multisector participatory surveillance systems spanning five
continents. Of these, 29 (48%) include data on human health, 26 (43%) include data on environmental health, and 24 (40%)
include data on animal health. In total, 16 (27%) systems are multisectoral; of these, 9 (56%) collect animal and environmental
health data; 3 (19%) collect human, animal, and environmental health data; 2 (13%) collect human and environmental health
data; and 2 (13%) collect human and animal health data. Out of 60 systems, 31 (52%) are designed to cover a national scale,
compared to those with a subnational (n=19, 32%) or multinational (n=10, 17%) focus. All systems use some form of digital
technology. Email communication or websites (n=40, 67%) and smartphones (n=29, 48%) are the most common technologies
used, with some using both. Systems have capabilities to download geolocation data (n=31, 52%), photographs (n=29, 48%),
and videos (n=6, 10%), and can incorporate lab data or sample collection (n=15, 25%). In sharing information back with users,
most use visualization, such as maps (N=43, 72%); training and educational materials (n=37, 62%); newd etters, blogs, and emails
(n=34, 57%); and disease prevention information (=32, 53%). Out of the 46 systems responding to the survey regarding perceived
impacts of their systems, 36 (78%) noted “improved community knowledge and understanding” and 31 (67%) noted “earlier
detection.”

Conclusions: The landscape demonstrated the breadth of applicability of participatory surveillance around the world to collect
data from community members and trained volunteers in order to inform the detection of events, from invasive plant pests to
weekly influenza symptoms. Acknowledging the importance of bidirectionality of information, these systems simultaneously
share findings back with the users. Such directly engaged community detection systems capture events early and provide
opportunities to stop outbreaks quickly.

(IMIR Public Health Surveill 2022;8(8):e38551) doi: 10.2196/38551
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Introduction

The prevention and control of emerging pathogens relies on
local-level surveillance for early detection of health events
impacting people, animals, plants, and the environment. Many
traditional animal and human health surveillance systems rely
on data from astute clinicians, health center records, and
laboratory testing to identify anomalies indicating potential
outbreaks and emerging pathogens [1]. Plant surveillance
systems also rely on |laboratories, governmental systems, and
border surveillance[2]. Unfortunately, accessto health centers,
laboratories, and veterinary servicesare not universally available
to match the risk from emerging infections [3-5].

Exponential growth in accessibility to mobile technol ogies and
web-based platforms across the globe has created unique
opportunitiesfor health surveillance systemsto directly engage
the public and key community stakeholders to rapidly collect
data at the local level [1]. Direct engagement strategies have
been employed across a spectrum of diseasesto enhance disease
surveillance [6]. The emergence of COVID-19 hasled to arapid
increase in digital technology to directly engage the public in
early detection and rapid response through apps for workplace
health, contact tracing, and health information [7,8].

Participatory surveillanceisdefined asthe bidirectional process
of receiving and transmitting data for action through direct
engagement of the target population. This approach can
complement traditional surveillance systems by expanding
engagement to larger segments of communities[1]. Participatory
surveillance does not include data collected in acommunity for
research or monitoring purposes when such data do not
contribute to ongoing disease surveillance and do not provide
information back to the community being monitored.

The evolution of participatory surveillance has been attributed
to the use of participatory epidemiology in animal health, which
recognized how local herdsmen and livestock owners have a
deep knowledge of disease patterns and impacts among their
livestock. Participatory epidemiology in animal health provides
aco-learning opportunity between the animal health practitioner
and the livestock owner that is built on trust and respect, in
which practitioners interview livestock owners directly to
understand disease burden among their herds. As such, this
locally based surveillance data complements traditional animal
health surveillance [3].

From animal health to human health, participatory surveillance
integrates the locally based surveillance data to detect the
emergence of an outbreak early, to expand surveillance capacity,
and to inform control during outbreak response [3,9]. The
earliest documented use of participatory surveillancein humans
may have started with the “De Grote Griepmeting” in the
Netherlands and Belgium in 2003 to monitor influenza-like
illness[10]. Similar influenza-focused participatory surveillance
systems now span severa continents. Three International
Workshops on Participatory Surveillance (IWOPS) have been
held since 2013 to share best practices and explore innovative
applications of this growing methodology [6].
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COVID-19, Ebolavirusdisease, SARS, Middle East respiratory
syndrome, and avian influenza outbreaks have highlighted the
value of One Hedlth in disease surveillance. One Hedlth is a
multisector approach that recognizes how the health of people,
animals, plants, and the environment are inextricably connected
[11,12]. For example, tracking changes in ecosystems helps
identify potential areasfor viral spillover [13]. With an estimated
60% of emerging infectious diseases being zoonotic in origin
and 23% being vector-borne diseases, early detection among
animal or vector hosts may limit or prevent outbreaks among
people [12]. In addition to being vital components to health
ecosystems, plants provide an estimated 70% of food sources
to people and animals, thus ensuring that early detection of plant
pathogens is critical for healthy environments, livestock,
wildlife, and people [14].

Participatory surveillance systems vary in design and
implementation. For human health, domesticated animal health,
and crop health, participatory surveillance data are collected
directly from the impacted individual, farmer, or rancher, or by
a community or animal health worker on their behalf [15].
Wildlife and ecosystems provide a unique challenge as they do
not have an “owner” to report, as would be expected for
domesticated plants and animals. In these cases, the general
public, trained volunteers, or land stewards, such as rangers,
aretypically called upon to assist in detecting morbidities and
mortalities [16,17].

This landscape has been conducted to identify ongoing
participatory surveillance systems across the One Health
spectrum and to describe their geography, system logistics, and
dataand technology. Both single-sector and multisector systems
are included in this landscape, as they both contribute to
detection and response across the One Health spectrum.

Methods

Overview

Participatory surveillance systems for this landscape analysis
were identified through existing partnerships, a systematic
literature review, and surveys. Contacts of the systemsidentified
through the literature review or ones known to the authorswere
sent asurvey in order to collect the most up-to-dateinformation
where available. The survey link was also sent out through
health organizations and to contacts of systems identified
through stakeholder interviews in order to ensure that those
systems not present in the peer-reviewed literature could be
identified. Survey data and data abstracted from the literature
were included in the analysis.

Literature Review

In June 2021, asystematic literature review of English-language,
peer-reviewed articles published after 1990 was performed using
CAB Direct, PubMed, and the PubMed Veterinary Science
search strategy. Preliminary search termswere devel oped based
on input from the authors and were identified in an exploratory
soft audit of phrases and words in an existing database of
participatory surveillance articles using the text analysis tool
Zotero 5.0 (Corporation for Digital Scholarship; Textbox 1).
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Textbox 1. Search terms used in CAB Direct, PubMed, and the PubMed Veterinary Science search strategy for the literature review.

Search terms

. “participatory epidemiology”

o  “participatory surveillance”

. “participatory disease surveillance”

o “‘community-based surveillance' or ‘community based surveillance’”

. “community event-based surveillance”

o “participatory” AND (“surveillance” OR “disease surveillance” OR “surveillance system” OR *“disease detection”)

o  (“crowdsourcing” OR “crowdsourced” OR “crowd-sourced” OR “crowd-sourcing”) AND (“surveillance” OR “disease surveillance” OR

“surveillance system” OR “disease detection”)

« (“internet-based” OR “internet based”) AND (“surveillance” OR “disease surveillance” OR “surveillance system” OR “ disease detection”)

o (“citizen science” OR “citizen-science”) AND (“surveillance” OR “disease surveillance” OR “surveillance system” OR “disease detection”)

Inclusion criteria for articles required them to describe
participatory systems as (1) ongoing, (2) disease related, and
(3) consistent with the definition of participatory surveillance
[1]. A secondary reviewer conducted areview of all identified
systems, potential systems, and a selection of the articles not
meeting the inclusion criteria.

At the time of thislandscape, COVID-19 surveillance systems
were just beginning. While systems solely focusing on
COVID-19 are not included in this paper, a future landscape
could include those that have remained as ongoing surveillance
systems and not as short-term responsetools. Pilot systemswere
excluded unless it was clear that they were now ongoing
systems.

To minimize inclusion of articles not relevant to ongoing,
discase-related participatory surveillance, articles about
COVID-19, maternal health, injuries, chronic conditions, drugs
and smoking, and natural disasters were flagged. A
character-by-character search of titlesin R (version 4.1.1; R
Foundation for Statistical Computing) flagged articles using
the following terms. “covid|sars-cov-2|sarscov2,” “chronic|
diabet|crohn,” “maternal [fetal |natal |neonatal [pregnan|birth
defect,” “injur|collision|bikelcar,” “overdoseltobaccolsmok|
vape” and “natura disaster|storm|flood|drought.” Final
exclusion or inclusion of the flagged articles was determined
by manual review of thetitle and abstract.

Using RStudio (version 1.4.1717; RStudio, PBC) and R,
resulting articles were concatenated into asingle collection and
dereplicated by title. A manual review of abstracts retrieved
from PubMed through the Rentrez program in R showed
additional noninfectious disease—related articles[18]. Thus, the
following additional terms were used to remove
nondisease-related articles: “cancer|oncol oglbirth|obstretics|
violen|concussion.” As the survey was to be sent to any
programs already identified by the authors, articles describing
those systems were also removed from abstraction.

A total of 1584 articles were retrieved from PubMed and the
PubMed Veterinary Science search strategy, and 851 articles
were retrieved from CAB Direct. After deduplication, 276
articles were removed based on the exclusion criteria. During
article abstraction, an additional 166 were categorized as not
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disease related, another 195 were not about participatory
surveillance, and another 3 were related to COVID-19 and,
hence, removed.

For each system meeting the inclusion criteria, reviewers
collected the name, location, stated purpose, geographic scale,
year the system began, number of users, technology used, types
of data used, and how often users enter data. Abstraction also
captured logistical information, such as identifying who enters
the data, who analyzes and interprets the data, who maintains
and operates the system, who respondsto the data, and how the
system is funded. Reviewers also captured whether data are
specifically being used in forecasting or modeling, any
challenges in implementation, and how challenges were
addressed. Systems were categorized as human health, animal
health, or environmental health. Human health systems were
described by their target population. Animal health included
the subcategories of livestock, equine, or poultry; wildlife other
than birds; wildlife birds; fisheries; dogsor cats; or other animal
species. Environmental health was subcategorized by the
following focus areas: vector, waterborne, land use, food saf ety
or food quality, crop, wild plant, or other. Multisector programs
wereidentified asacombination of human health, animal health,
or environmental health, as appropriate.

Survey

Using Alchemer (version 5; Alchemer LLC), an online survey
was conducted to capture data that were not identified through
the peer-reviewed literature and to verify the data captured from
the literature review. The survey collected the same data as
those that were abstracted during the literature review, with
additional questions related to syndromic and exposure data
elements and whether a system had data freely available for
public use. Staff piloted the survey to review clarity, usability,
and timefor completion. The Alchemer internal survey analysis
tools noted high accessibility and low fatigue level for the survey
tool.

In July 2021, the survey was sent using Mailchimp (Intuit) to
the primary contact authors identified in the literature review,
to contacts of systemsthat the authors had previously identified,
and to those recommended by key contacts across the One
Health spectrum. The survey was also sent out through the
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networks of the following: TEPHINET (Training Programsin
Epidemiology and Public Heath Interventions Network),
EpiCore, the Wildlife Disease Association, Emory University’s
Rollins School of Public Health and Environmental Health
alumni, Johns Hopkins School of Public Health alumni, the
National Plant Diagnostic Network, CORDS (Connecting
Organizationsfor Regional Disease Surveillance), and the South
Asia One Hesalth Disease Surveillance Network.

Ethical Consider ations

The survey was not considered to be human subjects research,
as data collected were limited to the organizational level for
thislandscape, which was designed to inform meeting planning
for the fourth IWOPS; therefore, no ethics approval was applied
for. This rationale is consistent with the Harvard University
policies on human subjects research [19].

Beta Review

Following survey data collection, reviewers reassessed which
systems met the criteria to be considered as participatory
surveillance systems. It was determined that bidirectional
engagement requires feedback to be sent directly to the
data-entering participants in order to inform them about the
incidence of the event or any prevention or mitigation measures.
Official government surveillance systems that were not
bidirectional, including community health workers entering
data into traditional surveillance systems, were excluded.
Through this process, determinations were made to exclude
those systems sharing data among veterinary professionals, as
opposed to systems that collected data from paraprofessionals
or volunteers from the general public. Those systemsincluded
the Small Animal Veterinary Surveillance Network, the
Caribbean Animal Health Network, and Equinella, and they
were excluded because such systems represented more of a
traditional disease reporting system among health professionals.

Data Analysis

To ensure the review contained the most up-to-date data
availableinthisanalysis, survey datawere used where available;
when they were not available, websites and literature review
abstraction data were used. Descriptive data analyses were
conducted in R and Microsoft Excel 2019 (version 2204).

Results

Overview

Intotal, 60 systems met the criteriafor participatory surveillance
(Multimedia Appendix 1) [15-17,20-57]. Systems were
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identified through the literature review (n=18, 30%) and from
prior work by Ending Pandemics (n=21, 35%); the remainder
were discovered through the survey outreach. The majority
(n=43, 72%) of the programs discovered had a representative
of the organization participate in the survey; information on the
remaining programs (n=17, 28%) was gathered from available
literature.

A total of 29 (48%) systems include data collected on human
health, 26 (43%) include data collected on environmental health,
and 24 (40%) include data collected on animal health. Of the
60 systems, 44 (73%) have a single-sector focus and 16 (27%)
have amultisector focus (Table 1). Lessthan half of all systems
self-identify as featuring a One Health focus (n=22, 37%).

Of the 44 single-sector programs, 22 (50%) only collect data
on human health, 10 (23%) only collect data on animal health,
and 12 (27%) only collect data on environmental health (Table
1) [16,17,20-23,25-31,35-39,45-52,56,57].

Among all 24 single-sector and multisector systems collecting
data on animals, 16 (67%) only collect animal health data on
wildlife, such as wild birds, mammals, reptiles, amphibians,
and aquatics or fish [15-17,32-44,55-57]. In total, 8 (33%)
systems collect data on domesticated animals, such as poultry,
livestock, and companion animals. Only 1 (4%) system collects
data on both wildlife and livestock animal populations [35].

Acrossthe 26 systemsthat include data on environmental health,
16 (62%) collect data on vectors, 5 (19%) collect data on water
quality, 3 (12%) collect data on food safety, 8 (31%) collect
data on invasive species, 3 (12%) collect data on air quality,
and 3 (12%) collect data on crops [15,32-34,40-54].

Most of the 29 systems collecting any data on human health
look at multiple syndromes or diseases [26,27,29]. A total of
16 (55%) focus on influenza-like illness, with 12 (75%) of the
influenza-focused systems expanded to incorporate COVID-19
surveillance. In total, 2 (7%) human health systems focus only
on dengue.

Of the 16 multisector programs, the landscape found 2 (13%)
systems focused on the combination of human and animal
health, 9 (56%) focus on animal and environmental health, 2
(13%) focus on human and environmental health, and 3 (19%)
focus on human, animal, and environmental health
[15,32-34,40-44,53-55].
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Table 1. Yearsin operation, geographic scale, and location of the participatory surveillance systems across the One Health spectrum.

Program?® Pro- Yearsinopera-  Geographic scale, n (%) Continent, n (%)
. b
focus ?I:Iazrgts)) :g]n, e)mean (SD. Multinational ) S_ubna~ . North_ . . SOUth.
n (%) g or regional National tiona Africa America Asia  Europe Austraia America

(n=10) (n=31) (n=20) (n=4) (n=16) (n=13) (n=18) (n=7) (n=2)
Animal only 10(17) 16.4(11.8,3-34) 2(20) 5(16) 3(15) 00 5@ 18 2(11) 2(29 0(0)
Humanonly 22(37) 7.5(4.9,1-17) 5 (50) 13 (42) 4(20) 1(25) 3(19) 4(31) 12(67) 1(14) 1(50)
Environment 12 (20) 8.4 (4.9, 3-20) 1(10) 6(19) 6 (30) 000 4(25 2(15 317 2(29 1(50)
only
Humanand 2 (3) 6.0 (0, 6-6) 0(0) 2(6) 0(0) 1(25) 0(0) 18 0(0 0(0) 0(0)
animal
Animaland 9(15) 9.9(4.7,2-16) 2(20) 4(13) 3(15) 1(25) 3(19) 2(15) 1(s) 2(29) 0(0)
environment
Humanand 2(3) 75(2.12,6-9) 0(0) 0(0) 2(10) 00 1(s) 18 0(0 0(0) 0(0)
environment
Human, ani- 3 (5) 6.3 (1.5, 5-8) 0(0) 1(3) 2(10) 1(25) 0(0) 2(15 0(0) 0(0) 0(0)
mal, and en-
vironment

8Data were from 60 participatory surveillance systems identified through the systematic literature review and surveys.

bThe mean yearsin operation for all programs combined was 9.3 (SD 6.8,

Geography of the Systems

Out of the 60 identified systems, approximately half (n=31,
52%) are designed to be used at a national scale, whereas
one-third (n=20, 33%) have a subnational focus and one-sixth
(n=10, 17%) have a multinational focus
[17,26,27,29,35,36,45,46,49-53,56,57]. Among the 44
single-sector systems, 24 (55%) have a national focus. Out of
the 16 multisector systems, 7 (44%) have a subnationa
geographic focus.

Only 4 systems out of 60 (7%) wereidentified from Africa. The
remaining systems came from the Americas (n=18, 30%), Asia
(n=13, 22%), Australia (n=7, 12%), and Europe (n=18, 30%;
Table 1) [17,26,27,29,35,36,45,46,49-53,56,57]. Many of the
multinational systems span the United States, Canada, Mexico,
the United Kingdom, or Europe. Another multinational system
is AVADAR (Audio-Visual Acute Flaccid Paralysis Detection
and Reporting), which covers Nigeria, Sierra Leone, Liberia,
the Democratic Republic of the Congo, Chad, Niger, South
Sudan, and Cameroon [20]. WildHealthNet and SMART (Spatial
Monitoring and Reporting Tool) for Health are used to provide
actionable data on a national and subnational basis across
Cambodia, Laos, and Vietnam.

System L ogistics

When asked to describe who enters the data, who responds to
the data, how often those data are entered, and what feedback
is provided back to the end user, systems reported a range of
user types. For the 22 systemsthat only focus on human health,
amost al (n=18, 82%) list the general public as the user; the
remaining users are trained volunteers and health care workers
[26,27,29]. Of the 10 systems that only focus on animal health,
5 (50%) rely only on the general public, 2 (20%) use trained
volunteers and the general public, 1 (10%) uses trained

https://publichealth.jmir.org/2022/8/e38551

range 1-34).

volunteers, 1 (10%) uses wildlife rehabilitators, and 1 (10%)
uses farmers and rangers [17,35,36,56,57].

When asked to categorize the number of users by range (from
<500 to >50,000), 16 out of 60 (27%) systems reported having
under 500 users, 14 (23%) reported having 500 to 5000 users,
and 12 (20%) reported having 5000 to 15,000 users
[26,27,29,35,36,45,46,50-52]. A total of 3 systems out of 60
(5%) reported having more than 50,000 users: FluTracking from
Australia, California’s West Nile Virus surveillance system,
and Cambodia 115 Hotline [17].

Across the 60 identified systems, the user determines when to
report in over half of the systems (n=34, 57%), including in 7
out of the 10 (70%) systems focused on only animal health, 10
of the 12 (83%) systems focused on environmental health, 14
of the 16 (88%) multisector systems, and only 3 of the 22 (14%)
human health systems [17,26,27,29,35,36,45,46,49-53,56,57].
Out of the 23 programs using weekly reporting, 19 (83%) were
systems that collect data only on human health [26,27,29,53].
The weekly reporting systems included the influenza
surveillance systems, DoctorMe, Participatory One Health
Digital Disease Detection, Kidenga, Egypt’'s Community-Based
Anima Heath Outreach (CAHO) surveillance system, and
AVADAR [26,27,29,53]. DoctorMe, iMammalia, and Brazil’'s
Guardians of Health reported that data are collected daily.
FeederWatch reports are limited to November to April, when
the greatest amount of bird feeder activity occurs[36]. Similarly,
Mozzie Monitors, a mosquito surveillance system, focuses its
reporting during peak mosquito season for the presence of
vectors [46]. Outbreaks Near Me noted that they prompt users
every 3 days by SMS.

A total of 42 systems stated that once dataare reported, response
is led by government or academic institutions
[17,26,27,29,35,36,45,46,49-53,56,57]. Nonprofits are primary
responders for 11 of these systems (26%), 6 of which (55%)

JMIR Public Health Surveill 2022 | vol. 8| iss. 8| e38551 | p. 5
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

are systems that collect both animal and environmental data.
Private sector partnersare respondersfor 5 (13%) systems[35].
Government response agencies usually include health,
environment, or agriculture agencies. iMammalia shares data
with the Food and Agriculture Organization of the United
Nations (FAO) as appropriate, and Outbreaks Near Me shares
trends with government agencies. Guardians of Health specified
that schools and universities are involved in the response.

Data and Technology

All the systems in this analysis use some form of digital
technology, with the exception of Egypt’s CAHO, though 6 out
of 60 (10%) still incorporate paper-based data collection. Email
communication or websites (n=40, 67%) and smartphones
(n=29, 48%) are the most common technologies used
[17,26,27,29,36,45,46,49,51-53,56,57], with several systems
using both. Smartphones are often used for collecting
environmental health data only [45,46,49,51,53]. All systems
that collect data only on human health use email or web-based
systems[26,27,29]. The Ukraine Infectious Diseases of Animals
system was the only program stating that they incorporate
remote sensing. Cambodia 115 Hotline is the only system that
reported using voice recording, also known asinteractive voice
response.

Many of the 60 systems have the capability to upload
geolocation (n=31, 52%) and photographs (n=29, 48%); a few
are able to upload videos (nh=6, 10%)
[17,35,36,45,46,49,51,52,56,57]. A total of 12 out of the 15
(80%) systems incorporating lab testing or diagnostics focus
on animal health or environmental health; many collect carcass
or vector samples [35,46,50,51]. The Cervid Disease Network
often anonymizeslocation to protect the end user and their farms
[35]. A total of 20 systems (33%) use data in forecasting or
modeling [17].

Out of 43 systems that answered, a total of 11 (26%) survey
respondents answered that their data are publicly available. In

McNeil et a

total, 21 (49%) systems reported that their data are not openly
available. In addition to those 21 systems, 3 (7%) stated that
data are held by government agencies and not available to the
public; 8 (19%) systems specified that data are sometimes
availablein summary format or at the request of the researchers,
but with redaction of any protected information.

Bidirectionality (ie, providing information back to the users) is
essential for meeting the criteriafor participatory surveillance.
Systems (N=60) share information back to usersin avariety of
ways, including visualization, such as maps (n=43, 72%);
training and educational materials (n=37, 62%); newsletters,
blogs, and emails (n=34, 57%); and disease prevention
information (n=32, 53%; Table 2)
[17,26,27,29,36,45,46,49,51-53]. Vaccineinformation is shared
back by 8 (13%) systems, and 5 (63%) of these have a human
health focus. Treatment and medical advice (n=16, 27%) isalso
provided [45,46,51,53]. Users are provided with disease data
by 16 (27%) systems [17]. FishWatch and PestWatch systems
provide information back through the media and trained
volunteers [56,57]. The California Wildlife Morbidity and
Mortality Event Alert System noted that staffing constraints
limit when they are able to respond directly back to a report.
The Arizona Game and Fish Department specified that they
report findings and results back to the users.

Survey respondents were asked to note all of the impacts their
systems have had to date (Table 3). Out of the 46 systems that
reported through the survey, 36 (78%) noted that “improved
community knowledge and understanding” was an impact of
their system and 31 (67%) stated that “earlier detection” was
animpact of their system. Inthetext field, 1 (2%) system wrote
“improved active surveillance” and another (n=1, 2%) wrote
“dowly improving stakeholder and partner understanding.”
Survey respondents were not asked to justify or provide
examples of these impacts.

Table 2. Information about participatory systems that reported providing information back to users.

System®focus Information provided by systems,? n (%)
Visudizationof Disease data Vaccineinfor- Diseasepreven- Treatmentor  Newsletters, Training or edu-
thesituation®  from other mation (n=8) tioninformation medical ad- blogs, or email  cational materi-
(n=45) sources (n=16) (n=34) vice (n=16) updates (n=35) as (n=40)

Animal only 5(11) 4(25) 0(0) 4(12) 1(6) 6(17) 8(20)

Human only 18 (40) 5(31) 5(63) 9(26) 3(19) 17 (49) 8(20)

Environment only 10 (22) 1(6) 0(0) 9 (26) 3(19 6 (17) 12 (30)

Human and animal 12 0(0) 0(0) 13 0(0) 0(0) 0(0)

Animal and environment 6 (13) 4 (25) 1(13) 6 (18) 531 5(14) 8(20)

Human and environment 2 (4) 0(0) 0(0) 2(6) 2(13) 0(0) 2(5)

Human, animal, andenvi- 3 (7) 2(13) 2(25) 3(9) 2(13) 1(3) 2(5)

ronment

8Data were from 60 participatory surveillance systems identified through the systematic literature review and surveys.

BLinksto public health resources were not provided by any of the systems.
YVisualization included maps of cases.
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Table 3. Self-reported impacts of participatory surveillance systems.
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System?focus Impacts of systems, n (%)
Earlier detec-  Improved community  Quicker re- Better cross-sec- Policy or funding  Havenot measured
tion (n=31) knowledgeandunder- sponse (n=26) tor coordination  impacts (n=19) impacts (n=6)
standing (n=36) (n=25)
Animal only 5 (16) 5(14) 5(19) 4(16) 3(16) 0(0)
Human only 11 (35) 16 (44) 7(27) 11 (44) 5(26) 2(33)
Environment only 3(10) 4(11) 2(8) 1(4) 1(5) 1(17)
Human and animal 2(6) 1(3) 2(8) 1(4) 1(5) 0(0)
Animal and environment 7(23) 7(19) 7(27) 5(20) 6 (32 2(33)
Human and environment 1(3) 1(3) 1(4) 1(4) 1(5) 0(0)
Human, animal, and environ- 2 (6) 2(6) 2(8) 2(8) 2(1) 1(17)

ment

8Data were provided by 46 of the programs through the survey.

Discussion

Principal Findings

Across the One Health spectrum, participatory surveillance is
being used around the globe to improve animal, human, and
environmental health. The majority of the systemsin this paper
were identified through the survey outreach, suggesting that
many systems have not yet been described in the peer-reviewed,
English-language literature. As such, numerous additional
systems may exist that have not been captured within this
assessment. Asacomplement to this manuscript, an updateable
digital map will be made available to the public to provide a
repository of the systems identified in this landscape and to
provide aplatform to add in new systems asthey areidentified.

Many systems reported impacts of improved early detection
and quicker response. Trained volunteers and members of the
public augment current disease surveillance activities of health
department staff to engage larger populations and expand
geographic coverage. Thus, such systems may identify events
when traditional systemswould not have the personnel or other
resourcesto detect early. For example, faced with the challenge
of identifying invasive species of plant pathogens and insect
pests across the 244 million acres of cultivated crops and 640
million acres of federally managed public lands in the United
States, the University of Georgid's participatory surveillance
system captures datafrom over 30,000 professiona sand trained
volunteers, through the EDDMapS (Early Detection and
Distribution Mapping System) [41], and from the public, through
Wild Spotter. Datacollected are ableto inform official systems,
such as the National Plant Diagnostic Network, so they may
follow up with an appropriate response [58].

Nonprofitswere noted to play alarger rolein responseregarding
animal health and environmental health systems compared to
human health; further assessment would be required to
understand if this is due to their role in funding of the initial
systems or due to limited government response capabilitiesin
thesefields.

Confirming bidirectionality was a challenge for wildlife and
wildland surveillance, where there is not necessarily a direct

https://publichealth.jmir.org/2022/8/e38551

ongoing link between the user and theimpacted plant or animal.
Numerous systemswereidentified that collect datafrom persons
witnessing a change in alandscape, a dead animal, or a vector,
but they did not specify whether information was reported back
to theindividuals; hence, they werenot included inthisanalysis.
In contrast, other wildland networks have incorporated repeated
reporting of site locations to gather both negative report data
and recurring records. One such case is the inclusion of a
sentinel tree program by the United Kingdom group Observatree,
where users selected a single tree or group of treesto report on
their health and any changes in conditions several times a year
[52]. While systems that rely solely on single event—based
reporting with no additional follow-up were excluded from this
landscape, they demonstrate distinct differences in how data
are collected in wild versus domesticated situations, and the
need to consider how to encapsulate such systemsin the broader
participatory surveillance landscape.

Often, systems with more users were those that collected data
fromthe general public. Human health systems, many of which
were based on a similar framework for influenza surveillance,
were most likely to require regular reporting intervals. 1t will
beinteresting to seeif changesin seasonal practices of reporting
for birdfeeder and vector systems will be needed as climate
change impacts migratory and weather patterns. Thiseffort did
not collect data on recruitment and sustainability; these would
be worth exploring in future studies as well.

Impact data suggest that systems perceive they are meeting their
stated goals for early detection, response, and outreach. Many
animal and human health systems reported early detection and
rapid response as outcomes from their systems. Further data
collection through interviews and review of monitoring and
evaluation systems would be required to assess and quantify
impacts and to understand why fewer environmental systems
had seen these impacts.

Multisector data collection and integration provide both
challenges and opportunitiesto enabling aOne Health approach
to detection and response. Siloed government systems, data
sharing challenges, different professional terminologies, and
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priorities create obstacles to developing multisector systems
that capture human, animal, and environmental health data.

However, 14 multisector systems identified across 4 of the 5
OIE (World Organisation for Animal Health; formerly, Office
International des Epizooties) regions have been active anywhere
from 2 to 16 years. Conceivably, it may be easier to integrate
data collection at the local level through participatory systems
simply because the animals, people, and plants are
geographically colocated. A next step in reviewing thisdynamic
should include assessing processes for data integration and
interoperability among multisector participatory surveillance
and discerning how those data can be used to inform potentially
separate formal systems.

Innovationsin technol ogy are enhancing capabilitiesin capturing
data from the public, from geolocation, to video, to sample
collection. Pairing of laboratory data and point-of-care
diagnostics with participatory surveillance systems may add to
the specificity of this approach.

Emerging wearable technologies are creating new diagnostic
capabilitiesfor plants, animals, and peopl e; these may continue
to enhance the specificity of data collected from participatory
surveillance [59-61]. In terms of geolocation data collection,
the anonymization approach of the Cervid Disease Network
may be worth considering for other livestock or crop
surveillance systems for which concerns about farm
identification may deter participation [35].

Limitations

Selection bias may have skewed results based on outreach
conducted through networks that may not encompass all
systems. The survey identified numerous programs that were
not identified in the literature review, indicating that not all
systems are discoverablein the English-language peer-reviewed
literature. Systems developed for limited duration focusing on
asingle outbreak response were not included. It is possible that
such systems, like COVID-19 monitoring or new pilot efforts,
will become long-term systems and may need to beincluded in
the future. The literature review and survey were conducted
exclusively in English, which aso likely undercounted the
number of systemsthat are currently active. In fact, one survey
was not complete enough to include, and the limited answers
that were provided were not in English. The authors will
continue their discovery of systems; in addition, any new
systems uncovered by the authors can be included in the
interactive map that is under development and that will be made
publicly available online at the Ending Pandemicswebsite[62].

Incomplete data from respondents limited this study’s abilities
tointerpret findings across all systems. In addition, thefact that
literature data were used when survey data were not available
may have prevented inclusion of the most up-to-date information

McNeil et a

for those systems. Systems that began after July 2021 were not
included in this analysis.

In 2017, Ending Pandemics published a landscape of
participatory surveillance systems based on partnershipsit had
with other system developers through its convenings at the
IWOPS. A loose collaboration of participatory surveillance
system creators and stewards, IWOPS partners met for thefirst
timein 2012 in San Francisco, United States; again in 2013 in
Amsterdam, the Netherlands; and most recently in 2016 in
Newcastle, Australia. IWOPS serves as an informal network to
share best practices, consult on analytic methods, and catalyze
innovations to advance the direct engagement of populations
involuntary reporting. The 2017 review was limited to IWOPS
partner systems and revealed 23 distinct participatory
surveillancetools or programsin 18 countries that encompassed
human and animal health [6]. This study summarized results
from the systematic review of the literature combined with a
detailed survey of al identified systems in human, animal, and
environmental health. While prior work focused on a
convenience sample, this landscape incorporated literature
review and survey methodology. This landscape also
incorporated systems that only focus on plant health and
environmental health.

Conclusions

This landscape demonstrated the breadth of applicability of
participatory surveillance, from tick identification in
photographs, to One Health apps used by community members,
to trained volunteers reporting invasive plant pests, to people
tracking their own weekly influenza symptomsaround the world.
With globalization, trade, and travel, rapid disease spread across
country borders creates a need for on-the-ground detection
systems that can capture cases early and provide opportunities
to stop outbreaks quickly. Developing mechanisms for
information sharing among participatory surveillance systems
may improve opportunitiesfor systemsto aert others asto what
may be on the horizon. These actions may require revisiting
waysto allow for public data access and sharing in formats that
protect sensitive data.

In this review, some systems demonstrated the importance of
being in place in advance of a pandemic, as they were able to
be easily adapted for informati on collection and communication
with the public specific to COVID-19. As the World Health
Organization—in conjunction with the FAQ, the OIE, and the
United Nations Environment Programme—develops the
Epidemic Intelligence from Open Sources platform, finding
timely ways to integrate participatory surveillance datawill be
critical. For the hundreds of thousands of participatory
surveillance users, seeing aglobal, aswell asalocal, impact of
their efforts may hel p inspire them to continue in these voluntary
roles.

Acknowledgments

We would like to acknowledge Adam Crawley and Phoebe Lu for the early review and audit, which informed search term
development. We would also like to thank Elizabeth Aaron, who coordinated survey correspondence and provided feedback for
the survey design. We would like to thank Marlo Libel, Louise Gresham, Jay Atanda, and Jessica Shao, who provided feedback
and outreach assistance throughout the design and execution of this effort. We would also like to recognize Onicio Leal Neto for

https://publichealth.jmir.org/2022/8/e38551

JMIR Public Health Surveill 2022 | vol. 8| iss. 8| €38551 | p. 8
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE McNeil et a

his assistance in identifying systems and map development. We appreciate the assistance of the Emory University librarians in
articleretrieval. This project was funded by Ending Pandemics, a project of the Tides Foundation.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Supplementary table of data from participatory surveillance systems.
[XLSX File (Microsoft Excel File), 178 KB-Multimedia A ppendix 1]

References

1.  Smolinski M. Innovations in participatory disease surveillance. Int J Infect Dis 2016 Dec;53:10. [doi:
10.1016/}.i}id.2016.11.030]

2. BrownN, Pérez-Sierra A, Crow P, Parnell S. Therole of passive surveillance and citizen science in plant health. CABI
Agric Biosci 2020;1(1):17 [FREE Full text] [doi: 10.1186/s43170-020-00016-5] [Medline: 33748770]

3. Mariner JC, Jones BA, Hendrickx S, El Masry |, Jobre Y, Jost CC. Experiencesin participatory surveillance and
community-based reporting systems for H5N1 highly pathogenic avian influenza: A case study approach. Ecohealth
2014;11(1):22-35 [FREE Full text] [doi: 10.1007/s10393-014-0916-0] [Medline: 24643858]

4. Nikolay B, Salje H, Sturm-Ramirez K, Azziz-Baumgartner E, HomairaN, Ahmed M, et a. Evaluating hospital-based
surveillancefor outbreak detection in Bangladesh: Analysisof healthcare utilization data. PLoS Med 2017 Jan;14(1):€1002218
[EREE Full text] [doi: 10.1371/journal.pmed.1002218] [Medline: 28095468]

5. Quinn SC, Kumar S. Health inequalities and infectious disease epidemics: A challenge for global health security. Biosecur
Bioterror 2014;12(5):263-273 [EREE Full text] [doi: 10.1089/bsp.2014.0032] [Medline: 25254915]

6. Smolinski MS, Crawley AW, Olsen JM, Jayaraman T, Libel M. Participatory disease surveillance: Engaging communities
directly in reporting, monitoring, and responding to health threats. IMIR Public Health Surveill 2017 Oct 11;3(4):e62
[FREE Full text] [doi: 10.2196/publichealth.7540] [Medline: 29021131]

7. Whitelaw S, Mamas MA, Topol E, Van Spall HGC. Applications of digital technology in COVID-19 pandemic planning
and response. Lancet Digit Health 2020 Aug;2(8):e435-e440 [FREE Full text] [doi: 10.1016/S2589-7500(20)30142-4]
[Medline: 32835201]

8. MingLC, Untong N, Aliudin NA, Osili N, Kifli N, Tan CS, et al. Mobile health apps on COVID-19 launched in the early
days of the pandemic: Content analysis and review. IMIR Mhealth Uhealth 2020 Sep 16;8(9):€19796 [FREE Full text]
[doi: 10.2196/19796] [Medline: 32609622]

9. Jost CC, Mariner JC, Roeder PL, Sawitri E, Macgregor-Skinner GJ. Participatory epidemiology in disease surveillance and
research. Rev Sci Tech 2007 Dec;26(3):537-549 [FREE Full text] [Medline: 18293603]

10. Marquet RL, Bartelds Al, van Noort SP, Koppeschaar CE, Paget J, Schellevis FG, et a. Internet-based monitoring of
influenza-likeillness (IL1) in the general population of the Netherlands during the 2003-2004 influenza season. BMC Public
Health 2006 Oct 04;6:242 [FREE Full text] [doi: 10.1186/1471-2458-6-242] [Medline: 17018161]

11. Daszak P, Keusch GT, Phelan AL, Johnson CK, Osterholm MT. Infectious disease threats: A rebound to resilience. Health
Aff (Millwood) 2021 Feh;40(2):204-211. [doi: 10.1377/hlthaff.2020.01544] [Medline: 33476187]

12. JonesKE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL, et al. Global trends in emerging infectious diseases.
Nature 2008 Feb 21;451(7181):990-993 [FREE Full text] [doi: 10.1038/nature06536] [Medline: 18288193]

13. Becker DJ, Washburne AD, Faust CL, Pulliam JRC, Mordecai EA, Lloyd-Smith JO, et al. Dynamic and integrative
approaches to understanding pathogen spillover. Philos Trans R Soc Lond B Biol Sci 2019 Sep 30;374(1782):20190014
[FREE Full text] [doi: 10.1098/rsth.2019.0014] [Medline: 31401959]

14. Rizzo DM, Lichtveld M, Mazet JAK, Togami E, Miller SA. Plant health and its effects on food safety and security in a
One Health framework: Four case studies. One Health Outlook 2021;3:6 [FREE Full text] [doi: 10.1186/s42522-021-00038-7]
[Medline: 33829143]

15. Verdugo C, El Masry |, Makonnen Y, Hannah H, Unger F, Soliman M, et al. Sensitivity and specificity estimation for the
clinical diagnosis of highly pathogenic avian influenzain the Egyptian participatory disease surveillance program. Avian
Dis 2016 Dec 1;60(4):805. [doi: 10.1637/11442-060316-reg]

16. Kély TR, Pandit PS, Carion N, Dombrowski DF, Rogers KH, McMillin SC, et al. Early detection of wildlife morbidity
and mortality through an event-based surveillance system. Proc Biol Sci 2021 Jul 14;288(1954):20210974 [ FREE Full text]
[doi: 10.1098/rspb.2021.0974] [Medline: 34256001]

17. Snyder RE, Feiszli T, FossL, Messenger S, Fang Y, Barker CM, et al. West Nilevirusin California, 2003-2018: A persistent
threat. PLoS Negl Trop Dis 2020 Nov;14(11):e0008841 [FREE Full text] [doi: 10.1371/journal.pntd.0008841] [Medline:
33206634]

18. Winter DJ. rentrez: An R package for the NCBI eUtils API. R J 2017;9(2):520-526 [FREE Full text]

https://publichealth.jmir.org/2022/8/e38551 JMIR Public Health Surveill 2022 | vol. 8| iss. 8| 38551 | p. 9
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=publichealth_v8i8e38551_app1.xlsx&filename=a1ce9aa3a73706b5cb3404fa76ace4cd.xlsx
https://jmir.org/api/download?alt_name=publichealth_v8i8e38551_app1.xlsx&filename=a1ce9aa3a73706b5cb3404fa76ace4cd.xlsx
http://dx.doi.org/10.1016/j.ijid.2016.11.030
http://europepmc.org/abstract/MED/33748770
http://dx.doi.org/10.1186/s43170-020-00016-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33748770&dopt=Abstract
http://europepmc.org/abstract/MED/24643858
http://dx.doi.org/10.1007/s10393-014-0916-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24643858&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002218
http://dx.doi.org/10.1371/journal.pmed.1002218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28095468&dopt=Abstract
http://europepmc.org/abstract/MED/25254915
http://dx.doi.org/10.1089/bsp.2014.0032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25254915&dopt=Abstract
https://publichealth.jmir.org/2017/4/e62/
http://dx.doi.org/10.2196/publichealth.7540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29021131&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(20)30142-4
http://dx.doi.org/10.1016/S2589-7500(20)30142-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835201&dopt=Abstract
https://mhealth.jmir.org/2020/9/e19796/
http://dx.doi.org/10.2196/19796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32609622&dopt=Abstract
https://doc.woah.org/dyn/portal/index.xhtml?page=alo&aloId=30698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18293603&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-6-242
http://dx.doi.org/10.1186/1471-2458-6-242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17018161&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2020.01544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33476187&dopt=Abstract
http://europepmc.org/abstract/MED/18288193
http://dx.doi.org/10.1038/nature06536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18288193&dopt=Abstract
http://europepmc.org/abstract/MED/31401959
http://dx.doi.org/10.1098/rstb.2019.0014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31401959&dopt=Abstract
http://europepmc.org/abstract/MED/33829143
http://dx.doi.org/10.1186/s42522-021-00038-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33829143&dopt=Abstract
http://dx.doi.org/10.1637/11442-060316-reg
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.2021.0974?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1098/rspb.2021.0974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34256001&dopt=Abstract
https://dx.plos.org/10.1371/journal.pntd.0008841
http://dx.doi.org/10.1371/journal.pntd.0008841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33206634&dopt=Abstract
https://journal.r-project.org/archive/2017/RJ-2017-058/RJ-2017-058.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE McNeil et a

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

How do the federal regulations define human subject? Committee on the Use of Human Subjects, Harvard University.
URL: https://tinyurl.com/yc7fbcap [accessed 2022-07-12]

Shuaib FMB, Musa PF, Gashu ST, Onoka C, Ahmed SA, Bagana M, et al. AVADAR (Auto-Visual AFP Detection and
Reporting): Demonstration of a novel SMS-based smartphone application to improve acute flaccid paralysis (AFP)
surveillance in Nigeria. BMC Public Health 2018 Dec 13;18(Suppl 4):1305 [FREE Full text] [doi:
10.1186/s12889-018-6187-x] [Medline: 30541508]

Case Study: Cambodia's 115 Hotline. Expanding Access to the Reporting and Detecting of Disease Outbreaks.: Principles
for Digital Development URL : https://digital principles.org/wp-content/upl oads/
Principles-Case-Study-Cambodia-115-Hotline-FINAL _-2.pdf [accessed 2022-07-14)]

Lwin MO, Lu J, Sheldenkar A, Panchapakesan C, Tan Y, Yap P, et al. Effectiveness of amobile-based influenza-likeillness
surveillance system (FluMob) among health care workers: Longitudinal study. IMIR Mhealth Uhealth 2020 Dec
07;8(12):€19712 [FREE Full text] [doi: 10.2196/19712] [Medline: 33284126]

Smolinski MS, Crawley AW, BaltrusaitisK, Chunara R, Olsen JM, Wojcik O, et a. Flu near you: Crowdsourced symptom
reporting spanning 2 influenza seasons. Am J Public Health 2015 Oct;105(10):2124-2130. [doi: 10.2105/A JPH.2015.302696]
[Medline: 26270299]

ChunaraR, Aman S, Smolinski M, Brownstein JS. Flu Near You: An online self-reported influenza surveillance system
inthe USA. In: Proceedings of the 11th International Society for Disease Surveillance Conference. 2013 Presented at: The
11th International Society for Disease Surveillance Conference; December 4-5, 2012; San Diego, CA p. €133 URL: https:/
[journals.uic.edu/ojs/index.php/oj phi/article/view/4456/3500 [doi: 10.5210/0jphi.v5i1.4456]

Carlson SJ, Dalton CB, Tuyl FA, Durrheim DN, Fejsa J, Muscatello DJ, et al. Flutracking surveillance: Comparing 2007
New South Wales results with laboratory confirmed influenza notifications. Commun Dis Intell Q Rep 2009
Sep;33(3):323-327 [FREE Full text] [Medline: 20043603]

Leel, Saboui M, Mukhai S. FluWatchers: The Public Health Agency of Canada’s online community-based influenza-like
illness surveillance system. In: Proceedings of the 6th International Conference on Digital Health. 2016 Presented at: The
6th International Conference on Digital Health; April 11-13, 2016; Montreal, QC URL : https://www.flickr.com/photos/
131376234@N05/26257860181/

Adler AJ, Eames KTD, Funk S, Edmunds WJ. Incidence and risk factors for influenza-like-ilinessin the UK: Online
surveillance using Flusurvey. BMC Infect Dis 2014 May 01;14:232 [FREE Full text] [doi: 10.1186/1471-2334-14-232]
[Medline: 24885043]

Kjelsg C, Galle M, Bang H, Ethelberg S, Krause TG. Influmeter - An onlinetool for self-reporting of influenza-likeillness
in Denmark. Infect Dis (Lond) 2016 Apr;48(4):322-327. [doi: 10.3109/23744235.2015.1122224] [Medline: 26654752]
Bayer C, Remschmidt C, an der Heiden M, Tolksdorf K, Herzhoff M, Kaersten S, et al. I nternet-based syndromic monitoring
of acute respiratory illnessin the general population of Germany, weeks 35/2011 to 34/2012. Euro Surveill 2014 Jan
30;19(4):20684 [FREE Full text] [doi: 10.2807/1560-7917.es2014.19.4.20684] [Medline: 24507468]

Freifeld CC, ChunaraR, Mekaru SR, Chan EH, Kass-Hout T, Ayala lacucci A, et a. Participatory epidemiology: Use of
mobile phones for community-based health reporting. PLoS Med 2010 Dec 07;7(12):€1000376 [FREE Full text] [doi:
10.1371/journal.pmed.1000376] [Medline: 21151888]

Peolotti D, Carnahan A, ColizzaV, EamesK, Edmunds J, Gomes G, et al. Web-based participatory surveillance of infectious
diseases: The Influenzanet participatory surveillance experience. Clin Microbiol Infect 2014 Jan;20(1):17-21 [FREE Full
text] [doi: 10.1111/1469-0691.12477] [Medline: 24350723]

Karimuribo ED, MutagahywaE, Sindato C, MboeralL, Mwabukusi M, Kariuki NjengaM, et a. A smartphone app (AfyaData)
for innovative one health disease surveillance from community to national levelsin Africa: Intervention in disease
surveillance. IMIR Public Health Surveill 2017 Dec 18;3(4):e94 [FREE Full text] [doi: 10.2196/publichealth.7373] [Medline:
29254916]

Susampao P, Chanachai K, Petra P, Yano T, Pattamakaew S, LaiyaE, et al. Digital functionsin a participatory One Health
surveillance initiative aiming for pandemic averting. Int J Infect Dis 2016 Dec;53:32. [doi: 10.1016/j.ijid.2016.11.088]
Wilkes M, Papageorgiou S, Kim T, Baldrias L, Aguilar E, Kelly T, et al. One Health workers: Innovationsin early detection
of human, animal, and plant disease outbreaks. J Glob Health Rep 2019 Dec 26:3. [doi: 10.29392/joghr.3.62019093]
Cohnstaedt LW, Snyder D, Maki E, Schafer S. Crowdsourcing methodology: Establishing the Cervid Disease Network
and the North American Mosquito Project. Vet Ital 2016 Jun 30;52(3-4):195-200. [doi: 10.12834/Vetlt.577.2765.2] [Medline:
27723027)

Bonter DN, Cooper CB. Data validation in citizen science: A case study from Project FeederWatch. Front Ecol Environ
2012 Aug;10(6):305-307. [doi: 10.1890/110273]

Lawson B. Ten years of garden wildlife surveillance: What |essons have we learned? I n: Proceedings of the British Veterinary
Zoologica Society Spring Meeting. 2016 Presented at: The British Veterinary Zoological Society Spring Meeting; March
11-13, 2016; Chester, UK p. 12-15.

Stephen C. The Canadian Wildlife Health Cooperative: Addressing wildlife health challengesin the 21st century. Can Vet
J 2015 Sep;56(9):925-927 [FREE Full text] [Medline: 26346834]

https://publichealth.jmir.org/2022/8/e38551 JMIR Public Health Surveill 2022 | vol. 8 | iss. 8| €38551 | p. 10

(page number not for citation purposes)


https://tinyurl.com/yc7fbcap
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-6187-x
http://dx.doi.org/10.1186/s12889-018-6187-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30541508&dopt=Abstract
https://digitalprinciples.org/wp-content/uploads/Principles-Case-Study-Cambodia-115-Hotline-FINAL_-2.pdf
https://digitalprinciples.org/wp-content/uploads/Principles-Case-Study-Cambodia-115-Hotline-FINAL_-2.pdf
https://mhealth.jmir.org/2020/12/e19712/
http://dx.doi.org/10.2196/19712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33284126&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2015.302696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26270299&dopt=Abstract
https://journals.uic.edu/ojs/index.php/ojphi/article/view/4456/3500
https://journals.uic.edu/ojs/index.php/ojphi/article/view/4456/3500
http://dx.doi.org/10.5210/ojphi.v5i1.4456
https://www.health.gov.au/internet/main/publishing.nsf/Content/cda-cdi3303h.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20043603&dopt=Abstract
https://www.flickr.com/photos/131376234@N05/26257860181/
https://www.flickr.com/photos/131376234@N05/26257860181/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-14-232
http://dx.doi.org/10.1186/1471-2334-14-232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24885043&dopt=Abstract
http://dx.doi.org/10.3109/23744235.2015.1122224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26654752&dopt=Abstract
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20684
http://dx.doi.org/10.2807/1560-7917.es2014.19.4.20684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24507468&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1000376
http://dx.doi.org/10.1371/journal.pmed.1000376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21151888&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(14)60188-9
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(14)60188-9
http://dx.doi.org/10.1111/1469-0691.12477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24350723&dopt=Abstract
https://publichealth.jmir.org/2017/4/e94/
http://dx.doi.org/10.2196/publichealth.7373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29254916&dopt=Abstract
http://dx.doi.org/10.1016/j.ijid.2016.11.088
http://dx.doi.org/10.29392/joghr.3.e2019093
http://dx.doi.org/10.12834/VetIt.577.2765.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27723027&dopt=Abstract
http://dx.doi.org/10.1890/110273
http://europepmc.org/abstract/MED/26346834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26346834&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE McNeil et a

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

Blanco - Aguiar J, Smith G, Vicente J. Update on the development of an app (adaptation of iMammalia) for early reporting
of wild boar carcasses by awarning system. EFSA J 2022 Feb;19(2):EN-7192. [doi: 10.2903/sp.efsa.2022.en-7192]
Fasanmi OG, Ahmed SSU, Oladele-Bukola MO, El-Tahawy AS, Elbestawy AR, Fasina FO. An evaluation of biosecurity
compliance levels and assessment of associated risk factors for highly pathogenic avian influenza HSN1 infection of
live-bird-markets, Nigeriaand Egypt. ActaTrop 2016 Dec;164:321-328. [doi: 10.1016/j.actatropica.2016.08.030] [Medline:
27603430]

Bargeron CT, Swearingen J, Douce GK, Moorhead DJ, Rawlins KA. EDDMapS: A collaborative, easy-to-use, early
detection and distribution mapping system. In: Proceedings of the 21st US Department of Agriculture Interagency Research
Forum on Invasive Species. 2011 Presented at: The 21st US Department of Agriculture Interagency Research Forum on
Invasive Species; January 12-15, 2010; Annapolis, MD p. 68 URL: https://www.nrs.fs.fed.us/pubs/atr/gtr-nrs-p-75papers/
33bargeron-p-75.pdf

Nevolko O. Monitoring of brucellosisin agricultural animals in Ukraine during 2013-2015. In: Proceedings of the 15th
International Society for Disease Surveillance Conference. 2017 Presented at: The 15th International Society for Disease
Surveillance Conference; December 6-8, 2016; Atlanta, GA p. €156 URL: https://journal s.uic.edu/ojs/index.php/ojphi/
article/view/7750/6261

Kavhu B, Mpakairi KS. Spatial Monitoring and Reporting Tool (SMART) in Mid - Zambezi Valley, Zimbabwe:
Implementation challenges and practices. Conserv Sci Pract 2021 Jul;3(9):e492. [doi: 10.1111/csp2.492]

East |, WicksR, Martin P, Sergeant E, Randall L, Garner M. Use of amulti-criteriaanalysis framework to inform the design
of risk based general surveillance systemsfor animal diseasein Australia. Prev Vet Med 2013 Nov 01;112(3-4):230-247.
[doi: 10.1016/j.prevetmed.2013.09.012] [Medline: 24125696]

César deSa N, Marchante H, Marchante E, Cabra JA, Honrado JP, Vicente JR. Can citizen science data guide the surveillance
of invasive plants? A model-based test with Acaciatreesin Portugal. Biol Invasions 2019 Mar 20;21(6):2127-2141. [doi:
10.1007/s10530-019-01962-6]

Braz Sousal, Fricker SR, Doherty SS, Webb CE, Baldock KL, Williams CR. Citizen science and smartphone e-entomol ogy
enables low-cost upscaling of mosquito surveillance. Sci Total Environ 2020 Feb 20;704:135349. [doi:
10.1016/j.scitotenv.2019.135349] [Medline: 31837870]

LyonsL, Brand M, Gronemeyer P, Mateus-PinillaN, Ruiz M, Stone C, et al. Comparing contributions of passive and active
tick collection methods to determine establishment of ticks of public health concern within Illinois. JMed Entomol 2021
Jul 16;58(4):1849-1864 [FREE Full text] [doi: 10.1093/jme/tjab031] [Medline: 33855433]

Grez AA, Zaviezo T, Roy HE, Brown PMJ, Bizama G. Rapid spread of in Chile and its effects on local coccinellid
biodiversity. Divers Distrib 2016 Jun 23;22(9):982-994. [doi: 10.1111/ddi.12455]

Babu AN, Niehaus E, Shah S, Unnithan C, Ramkumar PS, Shah J, et a. Smartphone geospatial apps for dengue control,
prevention, prediction, and education: MOSapp, DI Sapp, and the mosquito perception index (MPI). Environ Monit Assess
2019 Jun 28;191(Suppl 2):393. [doi: 10.1007/s10661-019-7425-0] [Medline: 31254076]

Walther D, Kampen H. The citizen science project 'Mueckenatlas' helps monitor the distribution and spread of invasive
mosquito speciesin Germany. JMed Entomol 2017 Nov 07;54(6):1790-1794 [EREE Full text] [doi: 10.1093/jme/tjx166]
[Medline: 29029273]

Munakamwe Z, Constantine A, Mclnerney C. The Victorian weed spotters: Recruitment and training of citizen scientists.
In: Proceedings of the 21st Australasian Weeds Conference. 2018 Presented at: The 21st Australasian Weeds Conference;
September 9-13, 2018; Sydney, Australiap. 193-196 URL : http://caws.org.nz/old-site/awc/2018/awc201811931. pdf
Crow P, de Groot M. Using citizen science to monitor the spread of tree pests and diseases: Outcomes of two projectsin
Slovenia and the UK. Manag Biol Invasion 2020;11(4):703-719. [doi: 10.3391/mhbi.2020.11.4.06]

Schmidt C, Phippard A, Olsen JM, Wirt K, Riviera A, Crawley A, et a. Kidenga: Public engagement for detection and
prevention of Aedes-borne viral diseases. In: Proceedings of the 15th International Society for Disease Surveillance
Conference. 2017 Presented at: The 15th International Society for Disease Surveillance Conference; December 6-8, 2016;
Atlanta, GA p. €111 URL: https://journals.uic.edu/ojs/index.php/ojphi/article/view/7694/6214

Fernando ONN, Rathnayake VS, Vijaykumar S, Lwin MO, Foo S. Mo-Buzz: Socially-mediated collaborative platform for
ubiquitous location based service. In: Proceedings of the 15th International Conference on Human Interface and the
Management of Information. Berlin, Germany: Springer; 2013 Presented at: The 15th International Conference on Human
Interface and the Management of Information; July 21-26, 2013; Las Vegas, NV p. 373-382. [doi:
10.1007/978-3-642-39215-3_44]

MasiiraB, NakiireL, Kihembo C, Katushabe E, Natseri N, Nabukenyal, et al. Evaluation of integrated disease surveillance
and response (IDSR) core and support functions after the revitalisation of IDSR in Ugandafrom 2012 to 2016. BMC Public
Health 2019 Jan 09;19(1):46 [FREE Full text] [doi: 10.1186/s12889-018-6336-2] [Medline: 30626358]

Hewitt MJ, Hourston M, McDonald JI. A long way from home: Biosecurity lessons learnt from the impact of La Nifiaon
the transportation and establishment of tropical portunid species. PLoS One 2018;13(8):e0202766 [FREE Full text] [doi:
10.1371/journal .pone.0202766] [Medline: 30133520]

Hourston M, McDonald J, Hewitt M. Public engagement for the detection of the introduced marine species Charybdis
japonicain Western Australia. Manag Biol Invasion 2015 Sep;6(3):243-252. [doi: 10.3391/mbi.2015.6.3.03]

https://publichealth.jmir.org/2022/8/e38551 JMIR Public Health Surveill 2022 | vol. 8 |iss. 8| 38551 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.2903/sp.efsa.2022.en-7192
http://dx.doi.org/10.1016/j.actatropica.2016.08.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27603430&dopt=Abstract
https://www.nrs.fs.fed.us/pubs/gtr/gtr-nrs-p-75papers/33bargeron-p-75.pdf
https://www.nrs.fs.fed.us/pubs/gtr/gtr-nrs-p-75papers/33bargeron-p-75.pdf
https://journals.uic.edu/ojs/index.php/ojphi/article/view/7750/6261
https://journals.uic.edu/ojs/index.php/ojphi/article/view/7750/6261
http://dx.doi.org/10.1111/csp2.492
http://dx.doi.org/10.1016/j.prevetmed.2013.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24125696&dopt=Abstract
http://dx.doi.org/10.1007/s10530-019-01962-6
http://dx.doi.org/10.1016/j.scitotenv.2019.135349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31837870&dopt=Abstract
http://europepmc.org/abstract/MED/33855433
http://dx.doi.org/10.1093/jme/tjab031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33855433&dopt=Abstract
http://dx.doi.org/10.1111/ddi.12455
http://dx.doi.org/10.1007/s10661-019-7425-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31254076&dopt=Abstract
http://europepmc.org/abstract/MED/29029273
http://dx.doi.org/10.1093/jme/tjx166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29029273&dopt=Abstract
http://caws.org.nz/old-site/awc/2018/awc201811931.pdf
http://dx.doi.org/10.3391/mbi.2020.11.4.06
https://journals.uic.edu/ojs/index.php/ojphi/article/view/7694/6214
http://dx.doi.org/10.1007/978-3-642-39215-3_44
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-6336-2
http://dx.doi.org/10.1186/s12889-018-6336-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626358&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0202766
http://dx.doi.org/10.1371/journal.pone.0202766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30133520&dopt=Abstract
http://dx.doi.org/10.3391/mbi.2015.6.3.03
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE McNeil et a

58. Crop acreage data. Farm Service Agency, US Department of Agriculture. 2022. URL : https://fsa.usda.gov/news-room/
ef oia/el ectroni c-reading-room/frequently-requested-information/crop-acreage-datal/index [accessed 2022-07-13]

59. LulL, ZhangJ, XieY, Gao F, Xu S, Wu X, et al. Wearable health devices in health care: Narrative systematic review. IMIR
Mhealth Uhealth 2020 Nov 09;8(11):€18907 [FREE Full text] [doi: 10.2196/18907] [Medline: 33164904]

60. HobbsEC, Coalling A, Gurung RB, Allen J. The potential of diagnostic point-of-care tests (POCTS) for infectious and
zoonotic animal diseases in developing countries: Technical, regulatory and sociocultural considerations. Transbound
Emerg Dis 2021 Jul;68(4):1835-1849 [FREE Full text] [doi: 10.1111/tbed.13880] [Medline: 33058533]

61. Neethirgjan S. Recent advancesin wearable sensorsfor animal health management. Sens Biosensing Res 2017 Feb;12:15-29.
[doi: 10.1016/j.sbsr.2016.11.004]

62. Ending Pandemics. URL: http://endingpandemics.org [accessed 2022-07-13]

Abbreviations

AVADAR: Audio-Visual Acute Flaccid Paralysis Detection and Reporting

CAHO: Community-Based Animal Health Outreach

CORDS: Connecting Organizations for Regional Disease Surveillance

EDDMapS: Early Detection and Distribution Mapping System

FAO: Food and Agriculture Organization of the United Nations

IWOPS: International Workshop on Participatory Surveillance

OIE: World Organisation for Animal Health; formerly, Office International des Epizooties
SMART: Spatial Monitoring and Reporting Tool

TEPHINET: Training Programsin Epidemiology and Public Health Interventions Network

Edited by A Mavragani, T Sanchez, submitted 07.04.22; peer-reviewed by E Lau, J Olsen, M Raimi; comments to author 30.04.22;
revised version received 11.05.22; accepted 28.06.22; published 05.08.22

Please cite as:

McNeil C, Verlander S Divi N, Smolinski M

The Landscape of Participatory Surveillance Systems Across the One Health Spectrum: Systematic Review
JMIR Public Health Surveill 2022;8(8):e38551

URL: https://publichealth.jmir.org/2022/8/e38551

doi: 10.2196/38551

PMID:

©Carrie McNell, Sarah Verlander, Nomita Divi, Mark Smolinski. Originally published in IMIR Public Health and Surveillance
(https://publichealth.jmir.org), 05.08.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Public Health and Surveillance, is properly cited. The complete
bibliographic information, alink to the original publication on https://publichealth.jmir.org, as well as this copyright and license
information must be included.

https://publichealth.jmir.org/2022/8/e38551 JMIR Public Health Surveill 2022 | vol. 8 | iss. 8| €38551 | p. 12
(page number not for citation purposes)

RenderX


https://fsa.usda.gov/news-room/efoia/electronic-reading-room/frequently-requested-information/crop-acreage-data/index
https://fsa.usda.gov/news-room/efoia/electronic-reading-room/frequently-requested-information/crop-acreage-data/index
https://mhealth.jmir.org/2020/11/e18907/
http://dx.doi.org/10.2196/18907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33164904&dopt=Abstract
http://europepmc.org/abstract/MED/33058533
http://dx.doi.org/10.1111/tbed.13880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33058533&dopt=Abstract
http://dx.doi.org/10.1016/j.sbsr.2016.11.004
http://endingpandemics.org
https://publichealth.jmir.org/2022/8/e38551
http://dx.doi.org/10.2196/38551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

