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Brief Report

Development and utilization of an
open-data, web-based geographic
information system to support the response
to the 2024 Noto Peninsula earthquake,

Japan

Ryo Horiike,® Tomoya ltatani,” Hisao Nakaic and Kentaro Tanakad

Correspondence to Ryo Horiike (email: ryo.horiike@naramed-u.ac.jp)

n 1 January 2024, an earthquake of magnitude

7.6 struck the Noto Peninsula in Japan, causing

over 500 deaths and damaging about 160 000
houses.! Eight months later, torrential rains in the
same area caused a further 14 fatalities and extensive
flooding.? During the first 4 months of the response,
15 489 people, including public health nurses (PHNSs)
and Disaster Health Emergency Assistance Teams,
were dispatched to Ishikawa Prefecture.® Aggregated,
real-time disaster data are available to support disaster
response via the Shared Information Platform for Disaster
Management and the Disaster Digital Information System
for Health and Wellbeing, but they are rarely accessible to
front-line personnel before their deployment to disaster-
affected areas.? In early January 2024, we developed
an open-data Public Health Nursing map (PHN-Map) on
Web-based Geographic Information Systems (WebGIS)
architecture, to support public health nursing activities by
providing up-to-date situational information and training
resources before deployment to the Noto Peninsula.
This report describes the development of the WebGIS
system and the subsequent addition of 360° images to
PHN-Map in September 2024, as well as the results of
a user survey.

METHODS

Data integration

Between 2 and 7 January 2024, we downloaded data
from National Land Numerical Information, a database
of the Geospatial Information Authority of Japan. The
extracted data included administrative areas, emergency
transport roads, and medical and public facilities.®
Additional data sets, namely 2020 census grid statistics
(the 250-m population mesh from the Statistics
Bureau via e-Stat portal®) and municipal open data
on evacuees, isolated hamlets and temporary housing,
were downloaded from public web sites (Table 1).
Data sets were used to create thematic layers including
administrative boundaries, emergency transport roads,
medical facilities, shelters, evacuee counts, populations
of isolated hamlets and temporary housing.

Several layers required trimming or reformatting
before being added to the WebGIS platform and were
edited in the Quantum Geographic Information System
(QGIS).” To maximize speed of deployment, we used
Felt,2 a cloud-based collaborative mapping platform

@ School of Medicine, Department of Nursing, Nara Medical University, Nara, Japan.
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that connects spatial data sets and allows users to build
interactive maps accessible from any device, including
laptops used by PHNs in the field. The system also
enables users to view their own location while exploring
the map, facilitating situational awareness during disaster
response. The use of WebGIS and the Felt software
facilitated the integration of heterogeneous data sets
into one platform, making it possible to visualize the
distribution of evacuation centres, hazard areas and the
population in a single image. The map was released
publicly on 8 January 2024. After the torrential rains
on 20-23 September 2024, inundation and landslide
polygons plus new shelters were added; currently,
26 thematic layers are updated as needed.

360° imagery

In March 2024 and March 2025 (2 and 14 months
post-quake, respectively), Insta360 X3 cameras recorded
360° photos at key sites in the Noto Peninsula. Images
were published through an open-source viewer.® The URL
for each photo was linked to its coordinates in PHN-Map
pop-ups, enabling users to view the images in either a web
browser or a head-mounted display, while 360° imagery
provided spatial context beyond the 2D maps, enabling
PHNs to virtually assess disaster conditions. Precautions
included shooting when only a few people were present,
avoiding non-researcher faces, and obscuring vehicle
licence plates.

User feedback

With support from the National Association of Chief Public
Health Nurses, an online questionnaire comprising three
10-point Likert-type questions was e-mailed to 5549
PHNs nationwide. The questionnaire was open from
11 April to 14 June 2024. It contained three questions:

1. How easy was PHN-Map to use?

2. How useful was PHN-Map for your work during
the Noto Peninsula earthquake?

3. How necessary will PHN-Map be for future
disaster PHN activities?

Respondents could also add free-text comments.

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1277
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RESULTS

Analytics recorded 301 visits on launch day (8 January
2024) and a weekday mean of 84 visits from 9 to
30 January 2024. After flood layers were added,
visits peaked at 212 on 24 September 2024. Fig. 1
shows the PHN-Map of the Noto Peninsula that was
made publicly available on 8 January 2024. The figure
presents the version updated as of January 2025,
incorporating additional data sets accumulated since the
initial release. The map was generated from government
aerial imagery and OpenStreetMap tiles and overlaid
with symbols indicating damage status, shelters, PHN
team bases, populated areas and temporary housing.

Reported field uses, derived from both web site
analytics and survey comments, included:

e pre-deployment triage: matching shelter density
and road status to PHN specialties;

e flood-risk reassessment: overlapping flood
polygons and earthquake damage zones to
anticipate waterborne risks;

e homevisitrouting: identifyingisolated households
by intersecting population and building footprint
data (Fig. 2); and

e training and debriefing: using 360° imagery to
simulate field conditions for non-deployed PHNs.

The PHN-Map was created by the authors as a
ready-made interactive WebGIS integrating multiple data
layers; however, users could freely select which layers to
display depending on their needs.

User survey

The questionnaire received 48 responses (response
rate: 0.9%).1° Survey results were: usability 5.5/10
(95% CI: 5.1-6.0), usefulness for earthquake response
5.5/10 (4.9-6.1) and need for future disasters 7.7/10
(7.2-8.3). PHNs who were inexperienced with GIS
valued future need as highly as experienced peers. Free-
text comments included requests for tutorials and lighter
data formats.

https://ojs.wpro.who.int/
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Fig. 1.

The figure shows the Noto Peninsula tip area.

Public health nursing activity-support WebGIS (PHN-Map), as of January 2025

©O0penStreetMap Contributors

Aerial photographs show the damage on the ground, and the 250-metre population mesh is shown in yellow, with purple bubbles indicating the location and names

of temporary housing.

Disaster base hospitals and evacuation centres, such as elementary schools, are indicated by small, coloured dots. Road openings are indicated by purple or light

blue lines.

Sources: National Land Information,® e-Stat,® QGIS Geographic Information System.”

DISCUSSION

PHN-Map, constructed entirely from open data, reduced
the “land-knowledge gap” among outside responders
deployed to the Noto Peninsula earthquake, alighing with
prior evidence that rapid GIS visualization can improve
the efficiency of disaster resource allocation.!! Integrating
360° media also provided an engaging educational tool
for pre-service PHN students and disaster-naive PHNS,
who could virtually experience the affected area and
rehearse response scenarios with high immersion.®

The main system development challenges included
the need for manual geocoding of municipal PDF reports
without coordinates; this work is labour-intensive,

https://ojs.wpro.who.int/

time-consuming and risks misplacing features. Large
file sizes were also identified by both developers
during implementation and users in survey responses,
as a technical limitation that slowed transfers on low-
bandwidth disaster networks and could exceed laptop
capacity. Ongoing work includes developing automated
PDF parsing and vector-tile conversion to address these
issues. The survey’s very low response rate likely reflected
fatigue among PHNs engaged in disaster response and
the use of a broad mailing list, making invitations easy
to overlook. This represents a limitation in the evaluation
process rather than of the system itself. Further studies are
needed to evaluate the system’s effectiveness in disaster
exercises, assess PHN training needs, and explore the
integration of real-time or crowd-sourced data.

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1277
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Fig. 2. Home-visit routing

Building footprints reproduced from Google Open Buildings,
©O0penStreetMap Contributors, January 2025.

Inhabited buildings in an isolated hamlet are identified by overlaying the 250-m population mesh (yellow) with open building-footprint outlines (red) on aerial
imagery.

Yellow squares denote census grid cells in which at least one resident is recorded.
Red polygons mark all detected buildings.

Where a yellow square overlaps a red outline, the structure is inferred to be an inhabited house, while red outlines outside the yellow mesh suggest unoccupied
facilities (for example, warehouses).

The magenta line shows a restored road used for home-visit routing.

Sources: e-Stat,® QGIS Geographical Survey Institute.”

Conclusion system also addressed previous problems by enabling

pre-deployment overview, the integration of multiagency
An open-source WebGIS enriched with 360° imagery data, and improved spatial understanding via 360°
furnished PHNs with actionable, up-to-date information imagery, which also served as training material for non-
during a dual disaster of earthquake and floods. The deployed PHNs. Routine GIS use in everyday PHN work
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is recommended, as everyday use will increase PHNs'
and other responders’ proficiency with GIS tools when a
disaster occurs.
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he 2005 revision of the International Health
TReguIations (IHR; 2005) requires States Parties of

the World Health Organization (WHO) to designate
National Focal Points (NFPs) to serve as defined
points of contact to communicate with WHO (Article
6: IHR notification) and other States Parties (Article
44. Collaboration and assistance) on IHR matters,
particularly the mandatory reporting of significant public
health events, including public health emergencies of
international concern (PHEICs).! Although previous
studies have evaluated the timeliness of event reporting
from the start of an event to when the event information
was disseminated through WHO'’s Disease Outbreak
News,?3 it remains less clear what types of events
are reported to the NFPs and how those events are
adjudicated, including whether to notify WHO of the
event. WHO has recently promoted the 7-1-7 targets
for detecting infectious disease threats within 7 days,
notifying public health authorities within 1 day and
initiating response activities within 7 days after being
notified.*5 Ideally, to align with these targets, event
information should include the times of event start, NFP
notification and response initiation.

In Australia, the NFP function is hosted under the
auspices of the Australian Government Department of
Health, Disability and Ageing’s National Incident Centre
(NIC), which supports national coordination of health
sectoremergencies. For diseases on the National Notifiable
Disease List (NNDL),® the primary role of the Australian
NFP for most domestic events is to provide notifications
to Australian states and territories (or Responsible Bodies,
which have constitutional authority for health responses),
who may take appropriate public health action as per their
legislative obligations or guidelines. Additionally, the NFP
manages IHR (2005)-related communications between

Australia and WHO as well as other governments.
Following the COVID-19 pandemic and subsequent
amendments to the IHR (2005), including a new
requirement for a National IHR Authority to coordinate
IHR (2005) implementation,” it is an opportune time
for Australia to review events reported to its NFP and
to describe its event information management system. In
this Brief Report, we summarize events reported to the
Australian NFP from 2014 to 2023.

METHODS

In Australia, information about events reported to the
NFP is uploaded, stored and categorized in a dedicated
incident management system (IMS). The main events
are categorized as being reported from within Australia
or by international NFPs, associated with flights or ships
travelling domestically or internationally, or not otherwise
classified. For our analysis, we used the following event
information: date the NFP was notified; event category;
type of associated hazard; registration of the event in the
NNDL; name of the original notifying body; international
NFPs notified; and domestic Responsible Bodies notified.
Other event information, including date of event start, date
of event detection, date of response initiation, place of
event start and number of cases, was not directly available
(or provided) through the IMS. Additionally, it was unclear
which events were communicated to the WHO Regional
Office for the Western Pacific. From the information
made available, we determined the number of events by
year and hazard type. Within these categories, we also
reported the number of events according to whether they
were reported from within or outside Australia. Among
the events reported from within Australia, we determined
whether these events were reported to other country
NFPs.
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RESULTS

From 2014 to 2023, 967 events were reported to the
Australian NFP. Excluding two consolidated entries for
international reporting for the COVID-19 pandemic and
the monkeypox virus (mpox) multicountry epidemic, six
events of unknown origin and eight non-notifications, 951
events were reported. From within Australia, 340/951
(35.8%) events were reported. These included events
reported by an Australian state or territory that were
associated with domestic flights and international flights
originating in Australia. From outside Australia, 611/951
(64.2%) events were reported, including those reported
from overseas or associated with flights originating and
departing overseas, as well as flights and ships arriving
in Australia. The greatest number of events was reported
in 2020 (171/951, 18.0%) and the least in 2021
(19/951, 2.0%). The top three hazards reported from
within Australia included tuberculosis (112/340, 32.9%),
legionellosis (69/340, 20.3%) and measles (53/340,
15.6%) (Table 1).

DISCUSSION

This report presents the first extended description of
events received or reported by an NFP. Among all hazards
reported, tuberculosis, legionellosis and measles were the
most reported by a substantial margin, both from within
and outside Australia. This high reporting is likely a
product of overseas acquisition of these diseases among
people who travelled to Australia (with disease detection
either at the point of origin, at a place of transit or upon
arrival) and also reflects the NFP’s role in assisting
with contact tracing of exposed travellers, indicating
heightened concern over transmission of these particular
diseases.®81° On the other hand, the decline in reporting
from 2020 to 2021 is likely attributable to international
travel and trade restrictions and the imposition of
lockdowns during the COVID-19 pandemic.!?

Although the Australian IMS provides an accurate
ledger of events based on the type of event, when the
Australian NFP was notified and whether other NFPs
were notified, it does not consistently provide crucial
information to evaluate the event reporting system in
Australia, including the dates of event start, detection and
response initiation. This makes it challenging to assess
the efficacy of the reporting system in relation to the

https://ojs.wpro.who.int/
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7-1-7 standard and to compare it with other countries. Also,
it is unclear from the IMS data why certain events were
reported to NFPs in other countries while others were not.
While the most recent version of the IHR (2005) Annex
2 lists a handful of diseases always requiring notification,
NFPs must use the Annex 2 decision algorithm for all
other potential PHEICs.! A 2011 study revealed that,
when presented with fictitious public health events, NFPs
did not necessarily agree with each other or an expert
panel on which events required notification.*? Finally, it
is unclear from the available IMS data which events were
communicated to the Regional Office and the rationale
for doing so. These data would have been a clearer signal
of events that the NFP adjudged as meeting the Annex 2
criteria for notification to WHO.

For a better understanding of why NFPs might
have different reporting behaviours, NFPs should strive
to document their rationale for reporting certain events
and routinely compare their reporting behaviours to
identify best practices and areas requiring remediation.
The establishment of National IHR Authorities represents
an opportune moment for NFPs to revisit how public
health events are reported and tracked, and to update
their data management systems to ensure accurate and
comprehensive information gathering in line with State
Parties’ IHR (2005) obligations. For a federal system
like Australia, this would be an opportunity to examine
how best to facilitate outbreak data centralization to
comply with these practices amidst the devolution of
public health responsibilities to states and territories,
including the prerogative for what and when to report
to the Australian NFP. Such an effort would represent a
significant step forward for future pandemic prevention,
preparedness and response.
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Table 1. Hazards associated with events reported to the Australian NFP by hazard type, location of event origin
and overseas NFP notification status for events of domestic origin, 2014-2023 (N = 951)
Events reported Events reported Overseas NFP(s) Total events
from within from outside notified for domestic reported to
Hazard Australia® (% of Australia® (% of events® (% of hazard P . Comment
Australian
hazard events hazard events events reported from NFPab
reported) reported) within Australia)
Arbovirus 0 (0.0) 1 (100.0) N/A 1 Unspecified pathogen
Botulism 1 (100.0) 0(0.0) 0(0.0) 1 -
Chikungunya 1(33.3) 2 (66.7) 0 (0.0) 3 -
Cholera 9 (69.2) 4 (30.8) 6 (66.7) 13 -
Coronavirus 0 (0.0) 2 (100.0) N/A 2 Unspecified pathogen
Cryptosporidiosis 0 (0.0) 1 (100.0) N/A 1 -
Diphtheria 1(33.3) 2 (66.7) 0 (0.0) 8 -
Includes Zika virus, dengue
Flavivirus 5 (50.0) 5 (50.0) 2 (40.0) 10 virus and unspecified
pathogen
sl 2 (66.7) 1(33.3) 0(0.0) 3 Unspecified pathogen
disease ’ ' ' P P g
Gonococcal infection 3(100.0) 0(0.0) 2 (66.7) 3 -
Includes hepatitis A,
Hepatitis 14 (48.3) 15 (51.7) 4 (28.6) 29 hepatitis B, hepatitis E and
unspecified hepatitis
rluman Immunodef- 1(100.0) 0(0.0 1 (100.0) 1 -
ciency virus
Influenza 4 (57.1) 3 (42.9) 1 (25.0) 7 Unspecified subtype
Jgpanese encephalitis 2 (50.0) 2 (50.0) 0(0.0) 4 3
virus
Legionellosis 69 (28.4) 174 (71.6) 32 (46.4) 243 -
Leprosy 0(0.0) 1 (100.0) N/A 1 -
Listeriosis 3 (75.0) 1 (25.0) 0 (0.0) 4 -
Lyssavirus 1 (100.0) 0 (0.0 1 (100.0) 1 -
Malaria 1 (100.0) 0 (0.0 0 (0.0 1 -
Measles 53 (29.3) 128 (70.7) 22 (41.5) 181 -
Meningococcal 20 (38.5) 32 (61.5) 6 (30.0) 52 -
disease
Mpox 1 (50.0) 1 (50.0) 1 (100.0) 2 -
Murray Valley
encephalitis virus - (o) o o L a
Nipah virus 0 (0.0 2 (100.0) N/A 2 -
Norovirus 2 (66.7) 1(33.3) 0 (0.0) 3 -
Other diseases 5 (62.5) 3(37.5) 3(60.0) 8 -
Paratyphoid fever 0 (0.0) 1 (100.0) N/A 1 -
Pertussis 3 (75.0) 1 (25.0) 2 (66.7) 4 -
Pneumococcal
disease 1 (100.0) 0 (0.0) 0 (0.0) 1 -
Poliovirus 3 (50.0) 3 (50.0) 1(33.3) 6 -
Psittacosis (ornithosis) 0 (0.0) 2 (100.0) N/A 2 -
Q fever 0 (0.0 3(100.0) N/A 3 -
Rabies 5(31.3) 11 (68.8) 4 (80.0) 16 -
Ross River virus 0 (0.0) 2 (100.0) N/A 2 -
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Events reported
from within

Events reported
from outside

notified for domestic

Overseas NFP(s) Total events

reported to

Hazard Australia® (% of Australia® (% of events® (% of hazard A . Comment
ustralian
hazard events hazard events events reported from NEPab
reported) reported) within Australia)

Rotavirus 2 (100.0) 0 (0.0) 2 (100.0) 2 -
Salmonellosis 1(14.3) 6 (85.7) 0(0.0) 7 -
Shewanella 1 (100.0) 0 (0.0) 1 (100.0) 1 -
Shiga toxin-producing
Escherichia coli 4 (57.1) 3(42.9) 1 (25.0) 7 -
Shigellosis 4 (50.0) 4 (50.0) 2 (50.0) 8 -
Streptococcus 1 (100.0) 0(0.0) 1 (100.0) 1 Unspecified pathogen
Syphilis 2 (66.7) 1(33.3) 1 (50.0) 3 -
Tuberculosis 112 (38.1) 182 (61.9) 76 (67.9) 294 -
Typhoid fever 1(14.3) 6 (85.7) 0 (0.0) 7 -

Includes chickenpox,
Varicella zoster 1 (50.0) 1 (50.0) 1 (100.0) 2 shingles and unspecified

pathogen

Viral haemorrhagic 0(0.0) 4 (100.0) N/A 4 Includes _L_assa virus and
fever unspecified pathogen
Totals 340 (35.8) 611 (64.2) 173 951 -

NFP: national focal point; N/A: not applicable.

2 Includes events reported by an Australian state, events associated with domestic flights and events associated with international flights originating in Aus-

tralia.

> Includes events reported from overseas, events associated with flights originating and departing overseas, events associated with flights arriving to Australia and

events associated with ships arriving to Australia.

¢ Events reported from within Australia that were reported to one or more overseas NFPs.
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Detection of a Serratia sarumanii outbreak in
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Objective: This study aimed to demonstrate the benefits of using SaTScan (Boston, MA, USA), a cluster-detection software
programme, and whole genome sequencing to investigate a suspected outbreak of Serratia marcescens infections in a
tertiary government hospital in the southern Philippines. The hospital is part of the national Antimicrobial Resistance
Surveillance Program’s network of sentinel sites.

Methods: The investigation followed national outbreak investigation protocols. In May 2022, when evaluation of daily
hospital laboratory census data revealed an increase in the number of Serratia species in the hospital, an alert was
triggered. A concurrent, routine SaTScan analysis of the hospital’s surveillance data by the Antimicrobial Resistance
Surveillance Reference Laboratory confirmed a cluster of cases. The Reference Laboratory requested isolates from clinical
specimens from the hospital for confirmation of bacterial identification, antimicrobial susceptibility testing and whole
genome sequencing.

Results: Six isolates were submitted for genomic analysis, two of which were from the identified cluster. Although originally
identified as S. marcescens, five of the isolates were subsequently confirmed as S. sarumanii. Phylogenetic analysis
showed that the two isolates from the cluster were closely related and belonged to the same clade, which may suggest a
common source. Three antimicrobial resistance genes were identified, but their phenotypic expression was limited, with one
isolate exhibiting resistance mechanisms.

Discussion: This study highlighted the utility of SaTScan for the early detection of potential disease outbreaks. The use of
whole genome sequencing enhanced the investigation by enabling the analysis of potential transmission pathways at the

genetic level, identification of the outbreak source and the detection of novel species.

erratia species are aerobic, Gram-negative bacilli in
the Enterobacteriaceae family that occur naturally
in soil and water. Some strains produce prodigiosin,
a red pigment, giving colonies a distinctive colouration.!
Serratia infections give rise to a wide range of clinical
manifestations,? and outbreaks have led to significant
morbidity and mortality, most commonly in patients in
intensive care units and most notably in low-birthweight

neonates.> Asymptomatic infections have also been
reported. Outbreaks have been traced to contaminated
medical equipment, such as bronchoscopes, nebulizers
and basins used to collect urine.* OQutbreaks have also
been associated with disruptions in infection control
techniques caused by overcrowding, understaffing and
problems with maintaining nursery routines, particularly
hand hygiene.® In the Philippines, only a few cases have
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been reported, the most recent of which was in a neonate
with a congenital malformation, described by Lappay et
al. in 2022.%

An important characteristic of Serratia species
is their ability to secrete protein factors such as
deoxyribonuclease (or DNAse), lipase and haemolysin,
which confer resistance toa number of antibiotics, including
cephalosporins, such as cefoxitin and cefotaxime, and
penicillins, such as ampicillin and amoxicillin—clavulanic
acid.” Their ability to persist in hospital environments
and infect various hosts, coupled with a propensity to
act as a reservoir for resistant genes and with evidence of
increasing prevalence, means that Serratia species pose
a significant and growing threat to public health, placing
increasing importance on ensuring robust investigations
of outbreaks involving these species.

Traditional approaches to detecting and investigating
outbreaks of infectious disease have involved demographic
case review coupled with laboratory testing of biological
specimens from suspected cases or environmental
samples, or both, to identify the responsible pathogen.
However, phenotypic typing methods often lack the
resolution required to accurately pinpoint the source of an
outbreak and to trace chains of transmission, especially
when isolates cluster together as indistinguishable
members of the same organism.

Advances in molecular biology have given rise to
genotypic typing methods that overcome some of the
limitations of traditional phenotypic methods. Whole
genome sequencing (WGS), for example, makes it
possible to identify all the genomic characteristics of a
bacterium. Moreover, this technique has the capacity to
identify functionally important variants in DNA sequences
that affect gene expression.

At the same time, SaTScan (Boston, MA, USA), a
free-to-access software application available from within
WHONET,? is increasingly being used by epidemiologists
globally to detect and describe temporal and spatial clusters
of infectious and chronic disease, as well as disease
vectors and risk factors. SaTScan can identify whether an
infection is randomly distributed over space, over time,
or over space and time. Moreover, it allows for evaluation
of the statistical significance of disease cluster alarms.®
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This combination of technologies — SaTScan and WGS - is
emerging as a valuable tool for investigating outbreaks.

In the Philippines, surveillance for antimicrobial
resistance (AMR) is the responsibility of the Department
of Health. Its Antimicrobial Resistance Surveillance
Program operates a network of 28 hospital surveillance
sites, located in all 18 administrative regions of the
country. Laboratory testing of clinical samples is
conducted by the Antimicrobial Resistance Surveillance
Reference Laboratory (ARSRL), which is housed at
the Research Institute for Tropical Medicine. In 2019,
laboratory services were expanded to include WGS for
selected isolates, supplementing routine services for
bacterial identification and antimicrobial susceptibility
testing, and providing enhanced capacity for identifying
the genomic characteristics of isolates with emerging
AMR. In 2021, as an additional service for the
Antimicrobial Resistance Surveillance Program, the
ARSRL started to routinely analyse daily microbiological
data provided by the programme’s surveillance sites via
WHONET, using SaTScan to aid in detecting outbreaks
caused by pathogens with potential AMR. Currently, the
ARSRL runs SaTScan weekly, and alerts are issued if the
software detects groups of bacterial isolates of the same
species with a similar resistance profile. Pre-set criteria
determine whether any detected clusters are investigated
using WGS and assessment of epidemiological data.

On 26 May 2022, the bacteriology department
of one of the Antimicrobial Resistance Surveillance
Program’s surveillance sites, the Southern Philippines
Medical Center, observed an increase in the number
of Serratia species in the facility. This was promptly
communicated to the ARSRL. On 27 May 2022, the
Reference Laboratory ran its weekly SaTScan analysis
on data routinely submitted by the Medical Center. The
SalScan report confirmed the presence of a potential
cluster of Serratia species, which met the pre-set criteria
for further investigation. The first isolate belonging to this
cluster was identified on 10 May 2022.

This study describes the investigation and reporting
of the outbreak of Serratia infections that occurred in
the neonatal intensive care units (NICUs) of the Medical
Center. This investigation showcases the strengths of
employing SaTScan software in combination with WGS

https://ojs.wpro.who.int/
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to facilitate prompt outbreak detection and targeted,
control-focused responses.

METHODS
Study design and setting

This investigation of a suspected outbreak of Serratia
infections at the Medical Center, a sentinel site in
the national AMR surveillance programme, utilized a
prospective cohort study design. The Medical Center is a
1200-bed tertiary hospital in Davao City with 70 NICU
beds. It is situated in one of the most populous Philippine
cities, within an administrative region comprising six cities
and 43 municipalities. As an end-referral centre with
several highly specialized clinical services, the Medical
Center also caters to the health needs of patients from
different parts of Mindanao and the country.

Routine SaTScan analysis

In accordance with protocols for national outbreak
investigations, the Data Management Unit of the ARSRL
ran its weekly SaTScan analysis in WHONET®? on 27
May 2022 on daily AMR surveillance data transferred by
sentinel sites during the preceding week, initially with the
term “resistance profile” as the summary row input. The
analysis was then set to run on “resistance profile” with
the term “include cluster alerts”. The SaTScan analysis
method used was the “space-time permutation model —
simulated prospective”. The “maximum cluster length”
and “baseline data” fields were set to 100 days and 365
days, respectively, while the “recurrence interval” was set
to 365 days and “Monte Carlo simulations” to 9999.

The SaTScan analysis verified the presence of a
potential cluster of Serratia species isolates exhibiting
similar AMR profiles that met pre-set criteria for close
spatial, temporal and space-time relationships.® The
identified cluster also met the criteria for further
investigation using WGS (Supplementary Material). The
outcome of the line list of cluster isolates, together with
a notification letter, were sent via email to the hospital,
addressed to the head of the laboratory and the Infection
Prevention and Control Committee.

https://ojs.wpro.who.int/
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Laboratory and environmental analysis

The sentinel site was requested to send the six isolates
in the identified cluster to the ARSRL, as well as any
environmental samples collected. The Reference
Laboratory conducted confirmatory bacterial identification
using an automated system (Vitek 2, bioMérieux, Marcy-
I’Etoile, France) and conventional biochemical tests.

The isolates included in this study were all tested
against nine antibiotics: amikacin, cefepime, cefotaxime,
ceftriaxone, ertapenem,  gentamicin, imipenem,
meropenem and tetracycline. The zone of inhibition
and minimum inhibitory concentration were interpreted
following the guidelines of the Clinical and Laboratory
Standards Institute.”

Whole genome sequencing and bioinformatics
analysis

DNA was extracted from a single colony in each of
the six isolates using a DNA extraction kit (Nexttec
Biotechnologie,  Hilgertshausen,  Germany).  DNA
libraries were prepared using the Illumina Nextera DNA
Flex Library Prep Kit (lllumina, San Diego, CA, USA),
which employs bead-linked transposome technology
to simultaneously fragment and tag DNA with adapter
sequences. Following tagmentation, a magnetic bead-
based clean-up was performed, and indexed primers
were used for polymerase chain reaction amplification.
The quality and concentration of the amplified libraries
were assessed using fluorometric quantification. Pooled
libraries were then subjected to sequencing on the
lllumina MiSeq platform.

The study utilized the Bactopia pipeline (v. 3.1)1°
for genomic analysis. Genome assembly was performed
using Shovill (v. 1.1)* with SPAdes (v. 4.1; St Petersburg
genome assembler),!? targeting a genome size of 5.2
Mb and coverage of 100x. Multilocus sequence typing
(MLST) was conducted using MLST software (v. 2.23),
which uses PubMLST'3 schemes. Phylogenetic analysis
employed the Snippy (v. 4.6)** workflow; the reference
genome (US National Library of Medicine, Reference
Sequence collection: GCF_002264285.1) was selected
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based on the closest genome identified by Mash (v. 2.3)'3
from the two clustered isolates.

A maximum likelihood phylogenetic tree was
generated with IQ-TREE (v. 2.2.2.7)'® using the general
time-reversible + invariant sites + y distribution
substitution model, and single nucleotide polymorphism
(SNP) distances between isolates were calculated
with snp-dists (v. 0.8.2).17 AMR was predicted using
AMRFinderPlus (v. 4.0.19),'® with database version
2024-12-18.1, specifying the options -p, -n and -g for
S. marcescens, and considering AMR determinants and
mutations with at least 90% coverage and 90% identity.
Raw sequence data were deposited in the United States
National Center for Biotechnology Information under
project accession identification PRINA1023302.

RESULTS

The sentinel site submitted six isolates. Two of these
isolates were from the identified cluster; the other four
were convenience samples. It was not possible to retrieve
and forward other cluster isolates to the Reference
Laboratory because the site had discarded them by the
time the ARSRL informed it of the clustering of Serratia
species. Moreover, no environmental sampling had been
conducted at the site before or after notification, so no
environmental isolates were available for analysis. The
results of the genomic characterization and analyses of
the six isolates included in this study were concluded by
9 July 2022.

Three of the six isolates were from NICUs 1 and
2; two were from the Medicine Burn Center and one
was from Medicine Ward 4 (Table 1). The isolates
from the two NICU samples were presumed to be
nosocomial isolates (i.e. the specimens were collected
=72 hours after admission). The two cluster isolates
(22ARS_DMCO0256 and 22ARS_DMC0258) and one
non-cluster isolate (22ARS_DMC0257) were susceptible
to all tested antibiotics. One non-cluster isolate (22ARS
DMC0255) showed resistance to cephalosporins and
gentamicin; two non-cluster isolates (22ARS_DMC0259
and 22ARS_DMCO0260) demonstrated resistance to
tetracycline (Table 2).

All isolates were initially molecularly identified as S.

marcescens. However, ribosomal MLST identified five of
the isolates as S. sarumanii; the exception was the non-
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cluster isolate 22ARS_DMC0259, which was confirmed
as S. marcescens (Table 3). PubMLST sequencing
further revealed that the two isolates in the cluster
(22ARS-DMC0256 and 22ARS-DMC0258) belonged
to sequence type 595, whereas the other isolates had
distinct sequence types. Additionally, the genome
comparator tool in PubMLST generated a phylogenetic
tree that grouped the two cluster isolates together with
42 available S. sarumanii sequences from China. The
differences between these isolates were minimal, with
33-48 SNP differences.

Phylogenetic analysis of the sequencing data from
the five S. sarumanii and one S. marcescens isolates
showed five distinct clades (Fig. 1). The isolate (22ARS-
DMC0259) in clade 1 was from a wound sample collected
on 5 June 2022 from a 63-year-old male in the Medicine
Burn Center. This isolate was considered an outlier, given
the high SNP difference between it and the five other
isolates (Fig. 1, Table 4). The second clade comprised
isolate 22ARS-DMC0260; it was likewise grown from a
wound sample and was collected on 3 June 2022 from
a 35-year-old male patient in the Medicine Burn Center.
Isolate 22ARS-DMCO0255 in clade 3 was from a tracheal
sample collected on 7 June 2022 from a 1-month-old
patient in NICU 1. Isolates in clades 2 and 3 exhibited
distinct antimicrobial susceptibility profiles for cefepime,
ceftriaxone and gentamicin (Table 2). Furthermore, isolate
22ARS-DMCO0259 (clade 2) harboured the tet 41 AMR
gene, which was absent in isolate 22ARS-DMC0255
(clade 3) (Table 3). Clade 4 included isolate 22ARS-
DMC0257 from the tracheal specimen of a 42-year-old
patient from Medicine Ward 4.

The two cluster isolates genotypically belonged
to clade 5: 22ARS-DMC0258 was recovered from a
tracheal aspirate sample collected on 27 May 2022 from
a 2-month-old male in NICU 2, and 22ARS-DMC0256
was recovered from a sample collected on 23 May 2022
from a 4-day-old female in NICU 1. Furthermore, the
SNP difference between these two isolates, at 41 units
(Table 4), was minimal, and they exhibited identical
phenotypic antimicrobial susceptibility testing results.

Three AMR genes were identified across the six
Serratia isolates (Table 3), but their phenotypic expression
was limited, with only one isolate exhibiting resistance
mechanisms. The aac(6’) gene (aminoglycoside
6'-N-acetyltransferase), which confers resistance to
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Table 1. Demographic data of patients with Serratia sarumanii or Serratia marcescens isolates, southern
Philippines, 2022 (N = 6)

Accession no. Age Ward Specimen type Admission date Specimen date
22ARS_DMC0255 1 month NICU1 Tracheal aspirate 20 April 2022 7 June 2022
22ARS_DMC02562 4 days NICU1 Tracheal aspirate 20 May 2022 23 May 2022
22ARS DMC0257 42 years Medicine Ward 4 Tracheal aspirate 26 May 2022 28 May 2022
22ARS DMC02582 2 months NICU2 Tracheal aspirate 23 May 2022 27 May 2022
22ARS_DMCO0259 63 years Medicine Burn Center Wound 21 May 2022 5 June 2022
22ARS_DMC0260 35 years Medicine Burn Center Wound 19 April 2022 3 June 2022

NICU1: neonatal intensive care unit 1; NICU2: neonatal intensive care unit 2.

@ |solates included in the cluster.

Table 2. Results of antimicrobial susceptibility testing of Serratia sarumanii and Serratia marcescens isolates,
southern Philippines, 2022 (N = 6)

. . Cephalosporins Aminoglycosides Carbapenems
Accession no. Tetracycline
Cefotaxime Cefepime Ceftriaxone | Amikacin Gentamicin | Imipenem Meropenem Ertapenem
22ARS DMC0255 S R R R S R S S S
22ARS_DMC02567 S S S S S S S S S
22ARS_DMC0257 S S S S S S S S S
22ARS _DMC02587 S S S S S S S S S
22ARS DMC0259 R S S S S S S S S
22ARS_DMC0260 R S S S S S S S S

R: resistant; S: susceptible.

2 |solates included in the cluster.

Table 3. Antimicrobial resistance genes detected in Serratia sarumanii and Serratia marcescens isolates,
southern Philippines, 2022 (N = 6)

T Species identification Gene
Bactopia pipeline PubMLST Sequence type blaSRT or blaSST
22ARS_DMC0255 S. marcescens S. sarumanii 521 aac(6") blasgr -
22ARS_DMC0256? S. marcescens S. sarumanii 595 aac(6") blasrr -
22ARS_DMC0257 S. marcescens S. sarumanii 506 aac(6") blasgr -
22ARS DMCO0258? S. marcescens S. sarumanii 595 aac(6") blasgr -
22ARS _DMC0259 S. marcescens S. marcescens 1035 aac(6") blasst tet 41
22ARS_DMC0260 S. marcescens S. sarumanii 406 aac(6") blasrr -

MLST: multilocus sequence typing.
2 |solates included in the cluster.

aminoglycosides, was phenotypically expressed only in  DISCUSSION
isolate 22ARS_DMCO0255 (Table 2). Similarly, the blaskr

resistance gene, which confers resistance to cefepime In May 2022, the Southern Philippines Medical Center,
and ceftriaxone, was also expressed only in this same a sentinel site for AMR, alerted the Philippines ARSRL
isolate. about a potential outbreak of infections caused by
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Fig. 1. Phylogenetic tree of Serratia sarumanii and Serratia marcescens isolates, southern Philippines, 2022
(N =6)
22ARS-DMC0259 ] Clade1
-
‘ 22ARS-DMC0260 ] Clade 2
\
22ARS-DMC0255
-
‘ 22ARS-DMC0257 ] Clade 4
GCF_002264285.1
22ARS-DMC0256 Clade s

0.005

GCF: reference genome.

Serratia species. Subsequent investigations, involving
the tandem use of SaTScan and WGS molecular testing,
confirmed the presence of a cluster of S. marcescens
and S. sarumanii at the site. The latter had recently
been described as a novel species, based on evidence
of phenotypic differences from S. marcescens, including
differences in colony colour, haemolysis on blood agar and
antibiotic susceptibility.!® Most notably, the two species
have demonstrably different antimicrobial susceptibility
profiles, with S. sarumanii generally showing resistance
to ampicillin, piperacillin, piperacillin-tazobactam and
cefotaxime, while S. marcescens is typically susceptible
to these.

This study showcases the capability of WGS to
differentiate closely related organisms and update
species identification. Initial phenotyping of the isolates
from the sentinel site identified the pathogen as S.
marcescens, one of the most common agents involved
in hospital-acquired bacterial infections. However,
subsequent molecular analyses confirmed that five of
the six isolates were S. sarumanii. Moreover, WGS was
able to provide granular evidence of genetic relatedness
among the isolates from the identified cluster. The large
SNP differences among the four isolates in clades 1-4
and also between isolates in clades 1-4 and those in
clade 5 suggested that isolates from clades 1-4 were
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genetically distinct from one another and thus unlikely to
be from a single source. Conversely, given that the two
NICU cluster isolates (22ARS-DMC0256 and 22ARS-
DMC0258) were presumed to be nosocomial isolates
and exhibited only minimal SNP differences, this pointed
to a potential hospital-acquired outbreak of S. sarumanii
infection. It is also interesting that the SNP differences
between the two cluster isolates were less than those
reported by an investigation of a confirmed outbreak
of S. marcescens infections in the NICU of a hospital
in Australia (41 vs 48).% Finally, phylogenetic analysis
indicated a likely single transmission source for the two
S. sarumanii isolates recovered from the patients in NICU
1 and NICU 2.

Antibiotic resistance genes (i.e. specific DNA
sequences that confer resistance to antimicrobial
agents) are expected to be expressed in the presence
of an antibiotic or in the presence of harmful bacterial
species. However, not every gene for AMR is necessarily
expressed.?? Therefore, it is possible that the acc(6’)
gene identified in this study was expressed only in isolate
22ARS_DMCO0255 and not in the other five isolates,
which were susceptible to both amikacin and gentamicin.
Only isolate 22ARS_DMCO0255 also showed resistance
to cefepime and ceftriaxone, raising the further possibility
of non-expression of blasrr in the remaining isolates.
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51 706
172931

162 457
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36 355

41 351
45114
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22ARS-DMC0257
22ARS-DMC0258?
22ARS-DMC0259
22ARS-DMC0260
GCF_002264285.1
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GCF: reference genome; SNP: single nucleotide polymorphism.

Isolates included in the cluster. The numbers in bold highlight the minimum SNP difference between the two isolates included in the cluster.
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Nevertheless, the presence of these AMR genes among
these isolates poses a potential public health risk, since
the transfer of these genes from one organism to another
can be mediated by mobile genetic elements, such as
plasmids.

Following detection of the cluster of S. sarumanii
infections, a multidisciplinary team composed of
staff from the Infection Prevention and Control
Unit, paediatric infectious diseases specialists and
neonatologists was convened to implement immediate
control measures to prevent and mitigate further
transmission. These measures included targeted
cleaning and daily thorough disinfection in the NICUs;
environmental swabbing, water analysis and limiting of
human traffic in the NICUs; and enhanced monitoring
of procedures in the microbiology laboratory, from
specimen receipt to result release. Subsequently,
multiple meetings were held to review and refine the
implementation of these measures.

While this study demonstrated the benefits of
using SaTScan and WGS to detect and investigate
possible outbreaks of bacterial infections in vulnerable
hospital patients, it also identified challenges and
potential barriers to wider adoption of these methods
for AMR surveillance. While not a major concern in
this particular study, occasional operational lapses may
cause disruptions to the routine uploading of laboratory
data about AMR from surveillance sites to the ARSRL,
resulting in delays in detecting and verifying potential
clusters using SaTScan. The limited storage capacity for
biological samples at sentinel sites is another potential
risk, as this can impact the availability of isolates for
WGS once a potential outbreak has been identified by
SaTScan. In this investigation, only two cluster isolates
(out of six) were available for sequencing by the time
the site was notified. Nevertheless, in this setting,
the inclusion of four non-cluster isolates provided
valuable spatial and temporal context for the outbreak
investigation itself, while also demonstrating the value of
genomic analysis in distinguishing a potential outbreak
from a coincidental increase in cases. However, the
unavailability of environmental samples and swabs
from staff was a noted limitation of this investigation,
as these may have helped pinpoint the source of the
outbreak. From a broader operational perspective, the
cost of performing WGS is high, limiting its application
in routine purposes, such as surveillance. Sequencing
services in many low- and middle-income countries will
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likely be limited due to constraints on resources and
access to hard-to-procure reagents.

Conclusions

This study highlights the potential advantages of combining
WHONET's SaTScan feature with WGS for detecting and
investigating outbreaks of potentially resistant bacterial
infections in health-care facilities. In this case, the use of
SaTScan prompted a timely investigation of an increase
in Serratia infections detected in routine laboratory
census data, while WGS provided granular evidence of
the genetic relatedness of two cluster isolates, indicating
that the infections may have come from a single source
within the hospital’s NICUs. The use of such tools has
the potential to assist in delivering a more focused and
efficient response by providing insights for effective
outbreak management and resource optimization in
health-care settings.
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Objective: On 27 June 2023, the Thailand Department of Disease Control was notified of an incident of carbon monoxide
poisoning related to a Thai-style hotpot restaurant. An outbreak investigation was performed to describe the incident,
confirm its cause and sources of exposure, and provide preventive measures.

Methods: The restaurant owner, restaurant guests and waiting staff were interviewed, and the medical records of hospitalized
cases were reviewed. In an environmental survey, air quality parameters were measured, including temperature, relative
humidity, carbon dioxide and carbon monoxide. Additionally, a simulation of the incident was conducted, and data were
reviewed from previous poisoning incidents in Thailand.

Results: There were 11 cases, all of whom were guests who dined in the same private dining room. The median age of cases
was 28 years (range 2—-62 years). Three cases were hospitalized and received hyperbaric oxygen therapy. The air changes
in the dining rooms were below the recommended level. The incomplete combustion of charcoal in a poorly ventilated room
led to carbon monoxide build-up, which caused the incident. The simulation experiment showed a high concentration of
carbon monoxide (mean 183.16 + 55.15 parts per million), above the standard level. Ten similar poisoning incidents
occurred between 2019 and June 2023, totalling 23 cases and 2 deaths; none occurred in a restaurant.

Discussion: Charcoal use in poorly ventilated areas poses a health risk, especially for children. The use of charcoal stoves
for hotpot cooking indoors is prohibited. Public health policy should mandate regular restaurant inspections to ensure

compliance with occupational and environmental health standards.

arbon monoxide (CO) is an odourless, colourless,

non-irritant gas produced from an incomplete

combustion of hydrocarbon fuels and substances.
When inhaled, CO becomes toxic by binding and altering
the functions of heme proteins in the haemoglobin,
myoglobin and other components of oxygen-carrying
pathways. The formation of carboxyhaemoglobin (COHb)
severely impairs the oxygen-carrying capacity of blood
and reduces oxygen release to the tissues. The primary
targets of CO-induced injuries are the brain and heart,
the organs with the highest oxygen demand.! Symptoms
of CO toxicity include headache, dizziness, confusion,
nausea, blurred vision, rhabdomyolysis, arrhythmias,
myocardial infarction, loss of consciousness, seizure

and coma.? Delivery of 100% oxygen is the mainstay
treatment for CO poisoning. In addition, hyperbaric
oxygen therapy should be considered in patients at
high risk of severe symptoms to improve long-term
neurological outcomes and survival.® Children, older
adults, pregnant women and people with anaemia are
more susceptible to CO toxicity, as are those with chronic
respiratory, cerebrovascular or coronary heart diseases.*

Unintentional, non-fire related (UNFR) CO poisoning
is a public health concern. While highly preventable, it is
the leading cause of poisoning morbidity and mortality
in many countries.> In 2007, an estimated 21 000
emergency department visits and 2300 hospitalizations
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in the United States of America were attributed to UNFR
CO poisoning.® They mainly occur in domestic settings
and are more common during the autumn and winter
months.”® Fuel-burning appliances such as heating
systems are responsible for the majority of incidents.® !
However, no previous studies have investigated the
incidence or characteristics of CO poisoning in Thailand.

On 27 June 2023, the Division of Occupational
and Environmental Diseases, Department of Disease
Control, Ministry of Public Health, was notified of an
incident of CO poisoning among restaurant guests who
had dined in the same dining room of a Thai-style hotpot
restaurant on the previous day in a province in the central
region of Thailand. The Department of Disease Control,
the Office of Disease Prevention and Control Region 4
Saraburi, Pathum Thani Hospital, and the local health-
care team jointly investigated the incident on 28 June
and 4 July 2023. In this report, we describe the incident,
confirm the cause and sources of exposure, and provide
recommendations for CO poisoning prevention.

METHODS

For the epidemiological investigation, active case-finding
was initiated, and those who were in the restaurant at
the time of the event were interviewed, including the
restaurant guests and waiting staff who were in the
private dining room on the day of the event, as well as
the restaurant owner. The medical records of those who
visited hospitals were reviewed.

Data on patients’ demographic characteristics,
medical history, time and manner of CO exposure, clinical
symptoms, laboratory results and treatments received
were collected using a semi-structured questionnaire.
Case definitions were adapted from the 2019 case
definition of CO poisoning by the United States Centers
for Disease Control and Prevention.}? Suspected cases
were defined as restaurant guests or staff who had been
in the dining room on 26 June 2023 and who had at
least one of the following symptoms: fatigue, nausea,
vomiting, chest pain, difficulty breathing, blurred vision,
headache, dizziness, confusion, light-headedness, loss of
consciousness and a history of CO exposure. Confirmed
cases were suspected cases who had a COHb level over
6% for non-smokers or over 12% for smokers.

https://ojs.wpro.who.int/
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A walk-through survey of the restaurant facilities
was conducted. The air quality of the indoor and outdoor
dining areas was monitored. The targeted parameters
were temperature, relative humidity, carbon dioxide (CO,)
and CO. Each sampling point was placed 1.1 m above
the floor and away from potential sources of air pollution.
The ventilation rate of dining rooms was determined by
the number of air changes per hour, which equals the
volumetric air flow rate divided by the volume of space.!3

A 60-minute simulation was conducted using data
from the cases to further analyse the air quality of the
dining room at the time of the incident. Details on the
types and number of possible sources of pollutants
and the environmental conditions during which the CO
poisoning occurred were obtained through interviews.
Air temperature, relative humidity, CO, and CO were
measured using the Q-Trak™ Indoor Air Quality Monitor
Model 7575 and a model IAQ Probe 982 (TSI Inc.,
Shoreview, MN, USA). For air velocity measurement, the
Testo 400 - Universal IAQ Instrument and a 100-mm
vane probe head (Testo SE & Co. KGaA, Titisee-Neustadt,
Germany) were used. Devices were calibrated, and pre-
and post-zero checks were done. Air quality data were
recorded at each sampling point at an interval of 10
seconds for at least 15 minutes. The data were calculated
as mean and standard deviation.

We also reviewed UNFR CO poisoning incidents
recorded in the event-based surveillance system of the
Thai Department of Disease Control from January 2019 to
June 2023 to determine the number and characteristics of
UNFR CO poisoning incidents in Thailand, using the same
case definitions as in our epidemiological investigation.

RESULTS
The restaurant

The hotpot restaurant has an outdoor dining area and a
dining room (Dining Room A), as well as two private rooms
(Private Rooms B and C). The CO poisoning incident took
place in Private Room B. The restaurant had been open for
10 months at the time and serves a variety of Thai-Esan
cuisine, including Thai-style hotpots cooked on burning
charcoal stoves. Typically, no more than three hotpots are
served in a private dining room at a time.
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Description of the incident

The restaurant did not have a record of guests’ names
or contact numbers; therefore, we were only able to
interview the affected guests and the waiting staff. There
were 11 restaurant guests and four waiting staff in Private
Room B on 26 June 2023. All restaurant guests were
family members. Eleven restaurant guests met our case
definitions (8 suspected and 3 confirmed cases), whereas
none of the waiting staff were symptomatic. The median
age of cases was 28 years (range 2—62 years). Three cases
had underlying diseases (chronic hypertension, diabetes
mellitus, asthma). None were pregnant. Demographic,
treatment and outcome data of cases are shown in
Table 1. The median duration of CO exposure was 140
minutes (range 90-140 minutes) among restaurant
guests and 18 minutes (range 10-70 minutes) among
waiting staff. The median time to symptom onset was
90 minutes (range 45-300 minutes) after first exposure.
Dizziness (82%), headache (46%) and light-headedness
(46%) were the most common symptoms.

The guests arrived at the restaurant around 19:00
and ordered five Thai-style hotpots. Four were served
at the beginning and one was served an hour later. At
20:00, a 2-year-old girl started crying and vomiting, and
her parents took her home at 20:30. Around that time,
other guests in the room reported experiencing symptoms
such as fatigue, headache and dizziness. At 21:00, three
restaurant guests (11-year-old boy, 19-year-old woman,
58-year-old woman) fainted, so the family left for the
hospital. No other guests entered Private Room B on that
day (Fig. 1).

On arrival, the three patients with light-headedness
were sent to the emergency department. Their COHb
levels were 25%, 31% and 33%. They received
hyperbaric oxygen therapy and were hospitalized for
24-hour observation. Two of them developed grade Il
middle ear barotrauma after treatment. Other cases
had mild symptoms and were treated as outpatients. At
1-week follow-up, two cases had lingering headache and
fatigue and nine had fully recovered (Table 1).

Indoor air quality of the dining areas
The restaurant is in an urban area with moderate traffic

intensity. No other sources of air pollution (for example,
open chimneys) were observed nearby. All indoor dining
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rooms have mini-split air conditioning systems. There are
1-2 wall exhaust fans in each room.

During the environmental survey, the weather
was cloudy with light rainfall. Daytime temperatures
were up to 33°C with a relative humidity of 55-89%.
The air quality parameters of the dining rooms were
measured while air conditioners and exhaust fans were
on. The measurements were performed during the
restaurant’s closing hours (13:00-16:00) at the request
of the restaurant owner. The mean values of temperature,
relative humidity, CO and CO, of the dining rooms were
within acceptable ranges according to the Notification of
the Department of Health regarding Indoor Air Quality
Monitoring Standards in Public Building B.E. 2565
(2022), except for the temperature of Private Room B,
which was slightly higher than the recommendation.!*
However, the ventilation rates of the dining rooms were
below the required 10 air changes per hour, ranging from
0.25 to 4.19 air changes per hour (Table 2).

Simulation of CO poisoning incident

A 60-minute simulation of the CO poisoning incident was
conducted in Private Room B. Four charcoal stoves were
lit, the air conditioner and wall exhaust fans were operating,
and the door was closed. During the simulation, the mean
CO was 183.16 = 55.15 parts per million (ppm) and the
mean CO, was 1502.54 + 283.61 ppm (Fig. 2). The
concentrations of CO and CO, in the air were both above
the acceptable limits set by the Thai Department of Health
for indoor air quality.!* Moreover, the CO concentrations
exceeded the World Health Organization air quality
guideline value (<26 ppm in 1 hour) and the Acute
Exposure Guideline Level 2 (AEGL-2) value (<83 ppm
in 1 hour) for C0.15.16

Public health response

The restaurant owner was notified of the results of the
analysis of the incident and advised that the use of
indoor charcoal stoves was strictly prohibited. A visible
sign has been posted at the restaurant's entrance to
inform patrons of this policy. The floor plans of the
restaurant were reviewed by municipal officials, and
the restaurant was temporarily closed to undergo
renovations to ensure compliance with environmental
standards. A food hygiene and safety training course
for local restaurant owners and staff was conducted,

https://ojs.wpro.who.int/



Thanasitthichai et al

Carbon monoxide poisoning associated with hotpot restaurant, Thailand, 2023

Table 1. Demographic, treatment and outcome data of carbon monoxide poisoning cases in Private Room B of a
hotpot restaurant, central Thailand, 2023
D Sex Age Un.derlylng Case status Visit COHE level Treatment Outcome at 1-week
(years) diseases type (%) follow-up

1 Female 58 T2DM, HT, DLP Confirmed IPD 33 HBOT R ey
barotrauma grade |l

2 Female 19 None Confirmed IPD 25 HBOT Middle ear barotrauma

grade |l

3 Male 11 None Confirmed IPD 31 HBOT Fully recovered

4 Female 40 None Suspected OPD - Supportive Fully recovered

5 Male 62 T2DM, HT Suspected No - None Mild fatigue

6 Female 54 None Suspected No - None Fully recovered

7 Male 34 None Suspected No - None Fully recovered

8 Female 28 None Suspected No - None Fully recovered

9 Male 19 None Suspected No - None Fully recovered

10 Male 19 Asthma Suspected No - None Fully recovered

11 Female 2 None Suspected No - None Fully recovered

COHb: carboxyhemoglobin; DLP: dyslipidaemia; HBOT: hyperbaric oxygen therapy; HT: chronic hypertension; IPD: inpatient department; OPD: outpatient depart-

ment; T2DM: type Il diabetes mellitus.

during which a module on CO poisoning was presented.
An online public education campaign was launched
to raise awareness of the risks of unintentional CO
poisoning.

Unintentional, non-fire related carbon
monoxidepoisoning in Thailand

Between 1 January 2019 and 30 June 2023, the
Department of Disease Control's surveillance system
showed 10 incidents of UNFR CO poisoning in Thailand,
resulting in 23 cases and 2 deaths. The median number
of cases per event was 1.5 (range 1-9). Nine incidents
occurred in northern Thailand, and eight were caused
by using gas water heaters in unventilated bathrooms
in local resorts. Eight of the incidents occurred during
the winter months. Notably, one incident involved the
use of charcoal stoves for hotpot cooking in a camping
tent. No prior reports of CO poisoning in restaurants had
been documented.

https://ojs.wpro.who.int/

DISCUSSION

We confirmed the first incident of CO poisoning in a food
establishment in Thailand, which occurred at a Thai-style
hotpot restaurant. The source of CO exposure was from
charcoal stoves in which hotpots were cooked. Hotpot
restaurants have been linked to multiple incidents of
unintentional CO poisoning. Galizére et al. reported the
mass CO intoxication of more than 50 people who dined
in an unventilated Chinese hotpot restaurant.!” Chua et
al. reported another mass CO poisoning of 30 hotpot
restaurant staff due to an exhaust fan malfunction.'®
Environmental studies in China found that nearly half of
hotpot and barbeque restaurants studied had CO levels
above the recommended indoor air quality standard.
The CO levels were highest in hotpot restaurants that
used charcoal as the main fuel.!92°

In the current incident, two children were the first
to exhibit symptoms of CO poisoning. Children are more
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Fig. 1. Number of carbon monoxide poisoning cases in a hotpot restaurant by time of onset, central Thailand,
26 June 2023 (N = 11)
8 A fifth hotpot was served
A 2-year-old girl began crying and vomiting
Other cases had headache and dizziness
5 I
The 2-year-old girl and
her parents went home
Four hotpots
4 | were served Three cases fainted
" All cases left for the hospital
b
8
< 3
o
o
4
2
1
0
19:00 19:30 20:00 20:30 21:00 21:30 22:00
Time of onset
Table 2. General information and air quality parameters of dining areas in the restaurant during the 60-minute
simulation in Private Room B, central Thailand, 2023
Thai IAQ stand-
Parameter q 14 Dining Room A Private Room B Private Room C Outdoor zone
aras
Room volume (m3) - 58.29 99.26 43.12 -
Capacity - 12-18 guests 18-28 guests 6-12 guests 150-200 guests
Ventilation svstem 3 1 exhaust fan, sized 2 wall exhaust fans, 1 wall exhaust fan, 3
y 0.10 x 0.10 m sized 0.22 x 0.22 m sized 0.22 x 0.22 m
Temperature (°C) 24-26 25.90 = 0.41 26.38 = 0.62 24.55 + 0.33 28.96 = 0.58
Relative humidity
(%) 50-65 63.53 = 3.63 5793 = 1.16 63.25 = 0.72 80.25 = 6.19
CO (ppm) <9 3.78 £ 0.22 0.08 = 0.09 0.00 = 0.00 0.01 = 0.04
CO, (ppm) <1000 544.00 = 6.12 500.94 + 47.16 406.04 = 14.15 361.98 = 12.38
Air changes per >10 0.25 3.15 4.19 -

hour

°C: centigrade; CO: carbon monoxide; CO,: carbon dioxide; IAQ: indoor air quality; ppm: parts per million.
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Fig. 2.
B, central Thailand, 2023
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AEGL: acute exposure guideline level; CO: carbon monoxide; CO,: carbon dioxide; IAQ: indoor air quality; ppm: parts per million; WHO: World Health

Organization.

vulnerable to CO toxicity and experience symptoms
much earlier than adults due to their elevated respiratory
and metabolic rates, increased oxygen requirements
and immature central nervous systems.?!?2 |n a report
by Klasner et al., children started having headache,
dizziness and nausea at a COHb level as low as 7%.23
In contrast, healthy adults would only feel occasional
temporal headache at a COHb level of around 20%.%*
Additionally, children are prone to the neurotoxic effects
of CO. According to studies in Taiwan (China) and the
United States, approximately 60-80% of children who
presented to the hospital with CO poisoning exhibited
acute neurological manifestations, with symptoms
ranging from varying degrees of consciousness changes
and tremor to ataxia and seizures.?%%7

From the environmental survey, we found that the
air change rates of dining rooms were significantly below
the standards set by the Department of Health.* Poor air
changes together with the use of multiple charcoal stoves
led to rapid accumulation of CO and other pollutants. During
the simulation, the CO concentrations exceeded the AEGL-2
value in less than 5 minutes. CO exposure at this level could
result in serious health damage, particularly in susceptible
populations. For example, it could cause significant
cardiac changes and reduce the time to onset of angina
in patients with coronary artery disease.?®2° As for CO,,
short-term exposure to concentrations above 1000 ppm
is not immediately dangerous, but it can lead to a reduction
in cognitive performance.3® Our findings highlight the
dangers of using charcoal in poorly ventilated areas.

https://ojs.wpro.who.int/

The findings of this study should be interpreted with
caution due to some limitations. First, for safety reasons,
we were unable to simulate the exact event with people
in the private room. Second, the environmental survey
was conducted during the restaurant’s closing hours.
Therefore, the air pollution levels that were detected may
have been lower than those that would have been present
during the restaurant's operating hours, when cooking
activities were taking place. Third, the lack of laboratory
results for patients with mild symptoms limited our ability
to confirm the diagnosis of CO poisoning.

Future policy should mandate routine inspections of
all restaurants to ensure compliance with occupational
and environmental health standards. These inspections
should verify adequate ventilation of indoor dining areas
and proper venting of fuel-burning appliances. Restaurants
should also be required to train their staff on the hazards
of CO poisoning and how to prevent it. By implementing
these measures, the risk of unintentional CO poisoning in
restaurants could be effectively reduced.

We reported a CO poisoning incident associated
with a hotpot restaurant on 26 June 2023. All 11
cases were restaurant guests, aged 2-62 years. Three
cases were hospitalized and received hyperbaric oxygen
therapy. No deaths were reported. Charcoal stoves were
the source of CO exposure. From an environmental
survey, we found that the restaurant’s indoor dining
areas had very low air exchange rates, which contributed
to the accumulation of CO. The use of indoor charcoal
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stoves was prohibited. The restaurant floor plan and
ventilation system were reviewed by local authorities
and renovated. In addition, an online public awareness
campaign on unintentional CO poisoning was launched.
The routine inspection of restaurants and the provision
of training sessions on CO poisoning are recommended
as future policy interventions to mitigate the risk of CO
poisoning in restaurants.
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Objective: To investigate COVID-19 mortality in Philippine provinces from 2020 to 2023.

Methods: Crude mortality rate (CMR), age-standardized mortality rate (ASMR) and age-specific mortality rate were
computed for 84 areas (82 provinces and 2 cities) using COVID-19 surveillance data from the Philippine Department of
Health, which captured data about confirmed deaths occurring between 20 January 2020 and 9 May 2023. Provinces
were ranked by their ASMR. A correlation analysis was conducted to identify possible predictors of COVID-19 mortality.
Among the factors investigated were the incidence of poverty, population density, proportion of the population considered
elderly (aged =65 years), hospital bed density and COVID-19 testing rates.

Results: Eight of the 10 provinces that had the highest COVID-19 ASMRs were located in the Luzon island group. The
province with the highest ASMR was Benguet in Northern Luzon (207.83 deaths/100 000 population), and the lowest rate
was in Tawi-Tawi in Southwestern Mindanao (2.22 deaths/100 000 population). The incidence of poverty was negatively
correlated with COVID-19 mortality, while hospital bed density and COVID-19 testing rates were positively correlated with
CMRs and ASMRs.

Discussion: This analysis provides a starting point for investigating COVID-19 mortality in Philippine provinces. The ranking
of provinces by their ASMR is useful for directing future epidemiological investigations and, coupled with the results of the
correlation analysis, provides insight into the factors that may have impacted COVID-19 mortality in the Philippines. Our
analysis suggests that COVID-19 mortality patterns can partly be explained by the streetlight effect and factors linked to the
availability of and access to health care.

he COVID-19 pandemic caused millions of deaths

globally. As of 29 December 2024, the cumulative

total number of COVID-19 deaths reported to the
World Health Organization (WHO) stood at just over 7.07
million.> The corresponding figure for the Philippines was
66 800 deaths.’? Although the numbers of cases and deaths
are not as high as they were when COVID-19 was a public
health emergency of international concern, it is important to
investigate what transpired during the pandemic, to look
back and reflect, and to learn from the experience, given
the risk of the emergence of new viruses.3*

As a first step towards this goal, this study undertook
a provincial-level investigation of COVID-19 mortality
in the Philippines. The aims of the analysis were, first,
to identify the provinces with the highest and lowest
mortality rates, and, second, to identify possible drivers
of high mortality rates. The study’s objective was to add
nuance to the understanding of COVID-19 mortality in the
Philippines at the provincial level and to provide data to
guide future epidemiological investigations and to inform
future planning for pandemic preparedness and response,
including surveillance.
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METHODS

Data sources
COVID-19 data

Data about confirmed deaths from COVID-19 compiled
by the Department of Health’s COVID-19 Case Tracker up
until 27 May 2023 were analysed.? This dataset includes
records of deaths of patients who were diagnosed
with COVID-19 as confirmed by reverse transcription—
polymerase chain reaction (RT-PCR) conducted by
a certified laboratory.? The first confirmatory test
for COVID-19 in the Philippines using RT-PCR was
performed at the Research Institute for Tropical Medicine
on 20 January 2020.5 The latest death in the dataset
was recorded on 9 May 2023.

Records were excluded if they did not contain data
on the age, sex or province of the person tested. For
records missing the date of infection, one of the following
variables was used as a substitute, whichever had
the first non-missing value: the date of disease onset,
specimen collection, result release, report confirmation
(i.e. the date when the Department of Health confirmed
that the record was accurate) or death. Finally, case
data were stratified by 84 administrative areas (82
provinces and 2 cities, the City of Isabela and Cotabato
City) and 5-year age groups (0-4, 5-9, ... =80 years).

Predictor variables

Possible predictors of COVID-19 mortality were selected
depending on the availability of reliable provincial-level
data from official government sources and a priori
knowledge, with the latest year for the data also noted:

* population density (number of persons/km?)
(2020);°

e percentage of the population aged =65 years
(2020);7

* incidence of poverty (2021);2

e hospital bed density (number of beds/100 000
population) (2022);”° and

e (COVID-19 testing rates (number of tests
performed/100 000 population) (2020-2023).7.1°

https://ojs.wpro.who.int/
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All of the predictors have been identified as possible
determinants of the risk of mortality from COVID-19 in
studies conducted in other countries.!* 15

Population data and information about the incidence
of poverty were from publicly available datasets from
the Philippine Statistics Authority.5® The Authority
defines poverty incidence as “the proportion of Filipinos
whose per capita income cannot sufficiently meet [their]
individual basic food and non-food needs”.8 In 2021, this
threshold was set at 12 030 Philippine pesos per month
for a family of five.®

Data on the number of hospital beds and COVID-19
tests were extracted from publicly available datasets
curated by the Department of Health.2%0 Hospital bed
density was computed as the number of hospital beds
divided by the total population of the province, and
multiplied by 100 000.7° Similarly, the COVID-19 testing
rate was computed as the number of COVID-19 RT-PCR
tests performed divided by the total population of the
province, multiplied by 100 000.71% As the last recorded
death occurred on 9 May 2023, RT-PCR testing data
were also truncated at this date.

The number of COVID-19 tests performed by each
province was estimated from the number of COVID-19
tests performed in all facilities in that province. Data
about COVID-19 testing were available by facility, not
by province, and people living in one province may have
been tested in a neighbouring province. In such cases,
their test would be counted in the total of the province
where they were tested, not where they lived.

Statistical analysis

Mortality rates
The crude mortality rate (CMR), age-standardized
mortality rate (ASMR) and age-specific mortality

rate were calculated for each of the 84 administrative
reporting units. The ASMR was computed through direct
standardization to eliminate the confounding effect of age
(i.e. the risk of COVID-19 mortality increases sharply with
age) and to facilitate comparisons between provinces
with varying age structures, in line with standard practice
in global ranking studies.*
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The following formulas were used to calculate the
CMR and ASMR:

CMR = 100000 X X 1 (5 ”‘p_ )(?) (Equation 1) and

ASMR = 100 000 x EF (5 L

=4 Sir

)(%) (Equation 2),

where i is the age group, m is the number of deaths, p is
the provincial population, m/p is the age-specific mortality
rate and s is the standard population. In this study, the
standard population was the 2020 population.” Note
that the age-specific mortality rate is different from the
ASMR. The age-specific mortality rate is mortality in a
specific age group, while the ASMR is calculated using
the age-specific mortality rates from all age groups. The
ASMR was used to rank the provinces from highest to
lowest COVID-19 mortality.

Correlation analysis

A correlation analysis was performed to identify possible
predictors of COVID-19 mortality and to investigate the
relationships between selected possible predictors. Prior
to the correlation analysis, the distributions of the CMR,
ASMR and the five risk factor variables were explored. On
the basis of this analysis, which revealed the presence
of non-normal data distributions (Supplementary
Fig. 1), Spearman’s method was chosen to measure the
strength of the relationship between pairs of variables.
Spearman’s correlation coefficient (r) is considered to
be more robust to outliers than Pearson’s correlation
coefficient.’” Mukaka’s approach was adopted to aid in
interpreting the correlation coefficients:” r, values from
-0.30 to 0.00 or 0.00 to 0.30 imply no or a negligible
correlation; values from -0.50 to -0.30 or 0.30 to
0.50 imply a weak correlation; values from -0.70 to
-0.50 or 0.50 to 0.70 imply a moderate correlation;
values from -0.90 to -0.70 or 0.70 to 0.90 imply a
strong correlation; and values from -1.00 to -0.90 or
0.90 to 1.00 imply a very strong or perfect correlation.
Finally, P values were calculated to test the statistical
significance of the correlations found.

Statistical analyses were conducted using Python

Pandas software for the correlation coefficients and SciPy
for the P values.'®20
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RESULTS

Crude versus age-standardized mortality

The CMRs and ASMRs for the 84 administrative areas
are reported in Table 1 and Supplementary Table 1; also
shown are the absolute differences between the CMRs
and ASMRs. The median of the absolute difference is 1.26
deaths/100 000 population (interquartile range [IQRI:
-2.35, 7.22). Compared with the ASMRs, the CMRs had
a higher median value (48.36 vs 44.73 deaths/100 000
population, respectively) and a wider dispersion (IQR:
22.32, 73.08 vs 24.78, 67.48, respectively). These
results confirm the presence of the confounding effect of
population age on the CMRs. Thus, ranking the provinces
by their CMR would be misleading, as this measure
does not account for differences in the age structure
of the provinces. For this purpose, the ASMR is more
appropriate.1®

COVID-19 deaths

A total of 66 566 records of COVID-19 death were
available, of which 388 (0.6%) were excluded due to
missing demographic data. A total of 66 178 complete
records were retained for analysis and covered confirmed
COVID-19 deaths that occurred between 18 January
2020 and 9 May 2023.

Age-standardized mortality

Provinces are ranked by their ASMRs in Table 1. The 10
provinces with the highest COVID-19 mortality rates, in
decreasing order, were Benguet (207.83 deaths/100 000
population), Cagayan, Bataan, Nueva Vizcaya, Quirino,
National Capital Region, Isabela, Cebu, Aurora and
Davao del Sur (96.91 deaths/100 000 population). Eight
of these 10 provinces are in the Luzon island group, the
northern part of the country. Moreover, four of the top
five are in northern Luzon, suggesting a clustering of
provinces with high ASMRs, which is particularly evident
in the heatmap visualization shown in Fig. 1.

The 11 provinces with the lowest rates, in increasing
order, were Tawi-Tawi (2.22 deaths/100 000 population,

https://ojs.wpro.who.int/
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Table 1. Crude and age-standardized COVID-19 mortality per 100 000 population, by province, Philippines,
January 2020-May 2023¢

Province (geographical region/administrative region)® LBy L
CMR ASMR (CMR - ASMR)

Benguet (Northern Luzon/CAR) 211.03 207.83 3.20
Cagayan (Northern Luzon/R2) 163.17 139.28 23.90
Bataan (Central Luzon/R3) 136.30 137.88 -1.58
Nueva Vizcaya (Northern Luzon/R2) 132.31 121.07 11.24
Quirino (Northern Luzon/R2) 118.90 115.12 3.78
National Capital Region (NCR) 102.67 109.92 -7.25
Isabela (Northern Luzon/R2) 116.72 108.25 8.47
Cebu (Central Visayas/R7) 102.90 107.51 -4.61
Aurora (Central Luzon/R3) 98.30 97.25 1.05
Davao del Sur (Southern Mindanao/R11) 93.00 96.91 -3.91
Apayao (Northern Luzon/CAR) 106.51 93.98 12.53
Kalinga (Northern Luzon/CAR) 92.01 89.46 2.55
Guimaras (Western Visayas/R6) 102.89 82.65 20.24
Davao del Norte (Southern Mindanao/R11) 79.36 82.27 -2.91
Mountain Province (Northern Luzon/CAR) 97.59 81.97 15.62
Zambales (Central Luzon/R3) 90.93 81.34 9.59
Cotabato City (Southwestern Mindanao/BARMM) 47.45 78.79 -31.34
Agusan del Norte (Northeastern Mindanao/CARAGA) 78.85 77.65 1.20
South Cotabato (Central Mindanao/R12) 61.49 70.81 -9.32
Ifugao (Northern Luzon/CAR) 72.42 70.32 2.10
Pampanga (Central Luzon/R3) 68.65 68.55 0.10
Negros Occidental (Western Visayas/R6) 75.06 67.13 7.93
Surigao del Sur (Northeastern Mindanao/CARAGA) 70.57 67.02 3.5%
lloilo (Western Visayas/R6) 81.89 64.58 17.32
La Union (Northern Luzon/R1) 79.84 62.92 16.93
Surigao del Norte (Northeastern Mindanao/CARAGA) 66.01 62.47 3.54
Rizal (Southern Luzon/R4A) 53.65 61.75 -8.10
Bulacan (Central Luzon/R3) 59.67 59.84 -0.17
llocos Norte (Northern Luzon/R1) 83.15 58.17 24.99
Davao de Oro (Southern Mindanao/R11) 55.20 57.49 -2.29
City of Isabela (Western Mindanao/R9) 45.34 57.34 -12.00
Zamboanga del Sur (Western Mindanao/R9) 53.42 57.22 -3.80
Tarlac (Central Luzon/R3) 62.24 57.11 513
Oriental Mindoro (Southern Luzon/R4B) 56.91 56.55 0.36
Nueva Ecija (Central Luzon/R3) 60.60 55.42 5.18
Davao Oriental (Southern Mindanao/R11) 56.00 54.82 1.18
Laguna (Southern Luzon/R4A) 50.10 54.25 -4.15
Agusan del Sur (Northeastern Mindanao/CARAGA) 45.12 50.59 -5.47
Pangasinan (Northern Luzon/R1) 53.87 47.63 6.24
Abra (Northern Luzon/CAR) 62.32 47.37 14.95
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Province (geographical region/administrative region)® CMRMOHaIItZSMR (CIBIi:?f ?r;r;c“:m
Capiz (Western Visayas/R6) 58.84 46.68 12.16
Negros Oriental (Central Visayas/R7) 53.27 45.74 7.53
Dinagat Islands (Northeastern Mindanao/CARAGA) 51.58 43.73 7.85
Lanao del Norte (Northern Mindanao/R10) 34.87 43.02 -8.15
Antique (Western Visayas/R6) 5315 42.03 11.12
Lanao del Sur (Southwestern Mindanao/BARMM) 19.76 40.93 -21.17
Occidental Mindoro (Southern Luzon/R4B) 37.01 39.89 -2.87
Cavite (Southern Luzon/R4A) 37.14 39.60 -2.46
Davao Occidental (Southern Mindanao/R11) 33.45 38.77 -5.32
Batangas (Southern Luzon/R4A) 38.13 36.49 1.65
Palawan (Southern Luzon/R4B) 31.36 35.99 -4.63
llocos Sur (Northern Luzon/R1) 49.27 35.30 13.98
Marinduque (Southern Luzon/R4B) 46.06 34.57 11.48
Aklan (Western Visayas/R6) 41.11 33.99 7.12
Bohol (Central Visayas/R7) 42.93 32.92 10.02
Misamis Oriental (Northern Mindanao/R10) 28.65 29.82 -1.17
Biliran (Eastern Visayas/R8) 32.45 28.35 4.11
Siquijor (Central Visayas/R7) 41.74 27.56 14.18
Zamboanga del Norte (Western Mindanao/R9) 27.82 27.47 0.35
Camarines Sur (Southern Luzon/R5) 26.72 26.95 -0.23
Albay (Southern Luzon/R5) 27.03 25.47 1.56
Romblon (Southern Luzon/R4B) 30.19 25.37 4.82
Zamboanga Sibugay (Western Mindanao/R9) 22.58 24.93 -2.35
Maguindanao (Southwestern Mindanao/BARMM) 10.73 24.34 -13.61
Quezon (Southern Luzon/R4A) 23.70 23.20 0.50
Basilan (Southwestern Mindanao/BARMM) 11.53 21.32 -9.79
Samar (Western Samar) (Eastern Visayas/R8) 19.59 18.84 0.75
Leyte (Eastern Visayas/R8) 20.69 18.82 1.87
Sorsogon (Southern Luzon/R5) 18.88 17.56 1.32
Cotabato (North Cotabato) (Central Mindanao/R12) 16.17 17.48 -1.31
Bukidnon (Northern Mindanao/R10) 14.44 17.00 -2.56
Northern Samar (Eastern Visayas/R8) 14.76 14.83 -0.07
Eastern Samar (Eastern Visayas/R8) 15.76 14.13 1.63
Batanes (Northern Luzon/R2) 21.51 13.63 7.88
Catanduanes (Southern Luzon/R5) 14.77 12.77 2.00
Southern Leyte (Eastern Visayas/R8) 16.57 12.30 4.27
Sultan Kudarat (Central Mindanao/R12) 9.63 11.93 -2.30
Camiguin (Northern Mindanao/R10) 14.02 11.05 2.97
Sarangani (Central Mindanao/R12) 8.42 10.79 -2.37
Camarines Norte (Southern Luzon/R5) 8.59 8.70 -0.11
Misamis Occidental (Northern Mindanao/R10) 9.59 7.72 1.87
Masbate (Southern Luzon/R5) 4.41 4.82 -0.41
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COVID-19 mortality in Philippine provinces, 2020-2023

Province (geographical region/administrative region)® LBy IR
CMR ASMR (CMR - ASMR)

Sulu (Southwestern Mindanao/BARMM) 1.40 2.63 -1.23

Tawi-Tawi (Southwestern Mindanao/BARMM) 1.37 2.22 -0.85

ASMR: age-standardized mortality rate; BARMM: Bangsamoro Autonomous Region in Muslim Mindanao; CAR: Cordillera Administrative Region; CARAGA: Caraga
Administrative Region (Region 13); CMR: crude mortality rate; R: administrative region.

@ Data are presented in descending order of age-standardized mortality.

b The designations in the Province column link each province to its location in the heatmap in Fig. 1. For instance, the province of Benguet is in CAR, in the

geographical region of Northern Luzon.

less than 1% of Benguet's rate), Sulu, Masbate, Misamis
Occidental, Camarines Norte, Sarangani, Camiguin,
Sultan Kudarat, Southern Leyte, Catanduanes and
Batanes (13.6/100 000 population). The geographical
distribution of these provinces was more varied: Tawi-
Tawi and Sulu provinces are in Southwestern Mindanao;
Misamis Occidental and Camiguin are in northern
Mindanao; Sarangani and Sultan Kudarat are in central
Mindanao; Masbate, Camarines Norte and Catanduanes
are in southern Luzon; Southern Leyte is in eastern
Visayas; and Batanes is in Northern Luzon (Fig. 1).

Age-specific mortality

Age-specific mortality is plotted in Fig. 2 and
demonstrates a J-shaped pattern. The lowest mortality
was recorded in children aged 5-9 years (median:
0.53 deaths/100 000 population; IQR: 0, 1.95), but
mortality rose steeply with increasing age. The highest
mortality (640.90 deaths/100 00O population; IQR:
347.27, 1046.65) was recorded in the oldest age group
(=80 years). Interestingly, the median mortality in the
youngest age group, 0—4 years (4.79 deaths/100 000
population; IQR: 2.15, 9.61), was higher than that for
the adjacent age groups of 5-9, 10-14 and 15-19 years
(Supplementary Table 2).

Correlation analysis

Three predictor variables were found to be correlated with
both the CMR and the ASMR, namely poverty incidence,
hospital bed density and COVID-19 testing rate (Table 2,
Supplementary Table 3). Poverty incidence was negatively
correlated with the CMR and ASMR (CMR: r, = -0.55
[moderate], P < 0.001; and ASMR: r, = -0.34 [weak],
P < 0.001), implying that provinces with a high incidence
of poverty tended to have lower mortality from COVID-19.
Conversely, hospital bed density and COVID-19 testing
rates exhibited weak positive correlations with the CMR and

https://ojs.wpro.who.int/

ASMR (for hospital bed density, CMR: r, = 0.35, P < 0.05
and ASMR: r_ = 0.33, P < 0.05; for testing rates, CMR:
r.= 0.44, P < 0.001 and ASMR: r, = 0.46, P < 0.001),
suggesting that mortality was higher in provinces with better
availability of and access to health care.

Furthermore, evidence was found of correlations
between several pairs of the predictor variables (Table 2,
Supplementary Table 3). First, poverty incidence was
weakly negatively correlated with COVID-19 testing rates
(r, = -0.35, P < 0.05) and likewise with hospital bed
density (r, = -0.45, P < 0.001). Second, population
density showed a moderate positive correlation with
COVID-19 testing rates (r, = 0.52, P < 0.001) and a
weak positive correlation with hospital bed density
(r, = 0.32, P < 0.05). Lastly, there was a very weak
negative correlation between population density and
poverty incidence (r, = -0.29, P < 0.05). Collectively,
these pairwise correlations indicate that the more densely
populated provinces with lower levels of poverty tended
to have better access to, and better availability of, health-
care services, including COVID-19 testing.

DISCUSSION
COVID-19 mortality

Two noteworthy findings emerged from our province-
level ecological analysis of COVID-19 mortality in the
Philippines. First, we observed a J-shaped pattern in
age-specific mortality, with the lowest rates occurring in
children aged 5-9 years. Similar patterns have been seen
in several other countries, including Spain, the United
Kingdom of Great Britain and Northern Ireland and the
United States of America, indicating that while children
were generally at low risk of developing COVID-19 disease,
newborns and children aged <1 year experienced slightly
elevated risks.2! Our results add the Philippines to the list
of countries where such a pattern was observed.
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Fig. 1. Heatmap of province-level, age-standardized COVID-19 mortality per 100 000 population, Philippines,
January 2020-May 2023
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BARMM: Bangsamoro Autonomous Region in Muslim Mindanao; CAR: Cordillera Administrative Region; CARAGA: Caraga Administrative Region (Region 13);
R: administrative region.

2 The designations next to the names of the geographical regions correspond to the administrative regions in Table 1.
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Table 2. Spearman’s rank correlation coefficients for associations between crude and age-standardized COVID-19
mortality and five predictor variables, Philippines, January 2020-May 2023

Crude mortality 1.00 0.972 -0.552 0.35° 0.10 0.21 0.442
Age-standardized 1.00 -0.49° 0.33° 0.11 -0.01 0.46°
mortality
Poverty incidence ) B ) _ B
(2021) 1.00 -0.45 -0.29 -0.25 0.3%
Hospital bed den- b b .,
sity (2022) 1.00 0.32 0.15 0.52
Population density .
(2020) 1.00 0.00 0.52
% population aged )
=65 years (2020) 100 001
COVID-19 test rate
(2020-2023) Al
2 P < 0.001.
® P < 0.05.

Fig. 2. Age-specific COVID-19 mortality per 100 000 population presented as strip plots with medians,
Philippines, January 2020-May 2023
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Second, ranking and mapping provinces by their
ASMRs revealed a clustering of provinces with high
COVID-19 mortality, particularly in the Northern and
Central Luzon regions, but also in the National Capital
Region and the Central and Western Visayas and
Southern Mindanao regions. It is noteworthy that 4 of
the 10 provinces with the highest rates have densely
populated cities: Benguet in northern Luzon is home to
Baguio City; the National Capital Region has 16 major
cities; Cebu province in central Visayas has three large
cities; and Davao del Sur in southern Mindanao has one
major conurbation. In contrast, some of the provinces
with low mortality, such as Tawi-Tawi, Sulu, Camiguin and
Batanes, are remote and/or composed of small islands.

Therefore, it seems likely that geographical
connectedness and population density were instrumental
in driving up COVID-19 mortality in parts of the
Philippines. Worldwide, COVID-19 spread faster among
populations with high rates of social interaction, which
is much more likely to occur in densely populated
areas. Furthermore, mobility was harder to constrain in
geographically connected provinces and provinces linked
by established transportation routes (i.e. land or sea). It
is also worth noting that in this analysis, more remote,
less densely populated island provinces tended to have
much lower COVID-19 mortality. However, we found no
evidence of a correlation between population density and
COVID-19 mortality at the provincial level, suggesting
that other factors also possibly played a role.

Predictors of COVID-19 mortality

The observed positive correlations between COVID-19
mortality and hospital bed density and between COVID-19
mortality and testing rates represent another interesting
finding and indicate that mortality may have been
influenced by the availability of health-care services and
capacity for disease surveillance. During the pandemic,
hospitals and testing centres served as data collection
and reporting sites. Thus, it follows that COVID-19
deaths that occurred in hospitals or health-care facilities
with RT-PCR testing capacity were more likely to have
been recorded than those that occurred in provinces with
fewer resources, where a higher percentage of deaths
may have occurred outside health-care facilities and were
not confirmed as COVID-19 deaths.

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1128
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The study also found a negative correlation between
COVID-19 mortality and poverty. This relationship could
be interpreted in terms of immunity, but this would imply
that low-income communities had greater immunity
against COVID-19. A wealth of published evidence
suggests that this is unlikely. Numerous studies have
consistently shown that COVID-19 disproportionately
affected low-income populations,*® including one study
from Sweden that found having a lower socioeconomic
status was linked to a higher risk of COVID-19 mortality.
Explanatory factors implicated in this relationship
have included overcrowding, employment that did not
allow people to work from home, financial uncertainty,
reduced health-care access, and a higher burden of
undiagnosed or untreated comorbidities. Evidence of
negative correlations between the incidence of poverty
and hospital bed density — and between poverty and
COVID-19 testing — add further weight to the case against
immunity.

Instead, we hypothesize that a more likely
explanation for the observed correlations stems from
what is widely referred to as the streetlight effect, a
phenomenon whereby the number of cases is higher in
populations with better surveillance.?? Support for our
hypothesis comes from an earlier study, conducted in
2020, in the Western Visayas region.?® The authors of
the Western Visayas study analysed data about testing,
infection and contact tracing and found that the highest
number of cases was recorded in lloilo City, which housed
the only regional COVID-19 testing facility at that time.

We further hypothesize that in the Philippines,
the streetlight effect may have been exacerbated by
patterns of health-seeking behaviour. Cross-sectional
surveys conducted in low-income households in the
Philippines, initially from 20 February to 13 March
2020, and again from 12 November to 12 December
2020, showed an increase in the practice of preventive
measures (e.g. avoiding crowded places, handwashing,
using disinfectants and mask-wearing). According to
these repeated surveys, there was also a drop in the
intention to seek care from public hospitals when
exhibiting symptoms of COVID-19 and an increase
in self-medication with stored medications and
antibiotics.?* Among the reasons cited by participants to
explain their low levels of seeking health care during the
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pandemic were concerns about discrimination at public
health-care facilities due to their socioeconomic status,
high transportation costs due to mobility restrictions,
stigma around contracting the virus and mistrust in
control protocols.?* Therefore, it seems plausible to
assume that low-income households, which already had
disproportionately poorer access to health care before
the pandemic, were even less likely to seek treatment
for COVID-19 symptoms and less likely to have been
tested. Consequently, fewer deaths would have been
attributed to COVID-19, further depressing rates of
COVID-19 mortality relative to wealthier provinces.

The case of Benguet

Benguet, with 207.83 deaths/100 000 population, had
by far the highest computed ASMR, but it also ranked
high in terms of testing capacity and coverage of contact
tracing. Indeed, in 2020, Baguio City and the province
of Benguet overall were commended by WHO for their
exceptional COVID-19 pandemic response, which
included surveillance.?® It is highly likely that this level
of response meant that COVID-19 deaths were more
likely to be recorded in Benguet than in other provinces.
However, this is not to say that high rates of testing and
contact tracing were the only factors that contributed to
Benguet's extremely high COVID-19 mortality.

A high population density was likely a contributory
factor, given that Benguet is home to Baguio City, one of the
more densely populated cities in the Philippines. Another
possible factor is Benguet's climate. Baguio City has a
mean annual temperature of 18 °C, making it the coldest
city in the Philippines.?® Several ecological studies?”?°
have reported associations between temperature,
humidity and COVID-19 mortality, in which areas with
colder and more humid weather — where people typically
spend more time indoors — have consistently recorded
more cases and deaths.

Limitations and recommendations for future work

Ecological studies have inherent limitations, including
an inability to account for local dynamics within a
province. A fuller understanding of the drivers of
COVID-19 mortality and the effectiveness of public
health measures and interventions would require closer,
more detailed investigation of individual provinces.

https://ojs.wpro.who.int/
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Nevertheless, this analysis, by identifying provinces
with very high and very low mortality, represents a
useful first step. Moreover, Benguet has emerged as a
good candidate for further epidemiological investigation,
given its high mortality and unique combination of
drivers of COVID-19 mortality, including a pronounced
streetlight effect.

We were unable to include several important
variables in our analysis, namely government policies,
such as travel restrictions and lockdowns, climate
variables, comorbidities and immunization status. Nor
were we able to assess the impact of temporality; this
is likely an important consideration for certain factors,
such as testing rates, which will have changed through
time. To overcome some of these shortcomings, future
investigations should consider using alternative study
designs, such as multivariate correlation analysis,
multivariate regression and causal inference. Alternative
means for estimating COVID-19 mortality, such as excess
deaths, might also be useful.3°

Conclusions

This study is the first to present a province-level analysis
of COVID-19 mortality in the Philippines and, in addition
to identifying provinces with high and low rates, found
evidence of clustering of provinces with high rates. The
study also found evidence of a so-called streetlight effect
and concluded that the rankings of mortality, at least
in part, are influenced by unequal surveillance capacity
among provinces. We recommend further investigation
of local dynamics within individual provinces to better
understand the drivers of mortality and the impact
of the interventions and control measures that were
implemented during the pandemic to reduce mortality.
These findings pave the way for future work by identifying
some of the factors that will need to be considered and
more closely investigated to get a clearer picture of what
happened during the pandemic and to inform decision-
making for future pandemic preparedness and response,
and thereby safeguard millions of lives in communities
across the Philippines.
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Acute haemorrhagic conjunctivitis outbreak

attributed to coxsackievirus A24 in
Ratanakiri, Cambodia, 2023
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Objective: To determine the causative agent, clinical manifestations and risk factors for infection during a September 2023
outbreak of acute haemorrhagic conjunctivitis (AHC) in Pak Touch village, Ratanakiri province, Cambodia.

Methods: A retrospective case-control study was conducted. Cases were age-matched to controls (1:1), who were randomly
selected from the village population. Twenty-one conjunctival samples were analysed using real-time reverse transcription—
polymerase chain reaction (RT-PCR). RNA sequencing was additionally performed to identify the causative agent of the
outbreak. Logistic regression models were used to identify significant risk factors.

Results: A total of 73 cases and 73 controls were included in the analysis. Cases had a median age of 20 years (range:
1-70, mean and standard deviation: 27.7 = 20.0), and 46.6% (34/73) were male. The overall attack rate was 12.3%
(73 cases/594 residents). Clinical presentations included conjunctival hyperaemia (100%), subconjunctival haemorrhage
(82.2%, 60), pain and discharge (64.4%, 47 each), eyelid swelling (57.5%, 42) and tearing (54.8%, 40). RT-PCR
identified enterovirus in 52.4% (11/21) of conjunctival swabs, with RNA sequencing confirming the coxsackievirus A24
variant as the causative agent in five swabs. Statistical analysis identified significant risk factors, including physical contact
with patients with acute haemorrhagic conjunctivitis (adjusted odds ratio [aOR]: 4.42, 95% confidence interval [CI]: 1.90-
10.10), frequent eye rubbing (aOR: 4.56, 95% Cl: 2.00-10.37) and poor hand hygiene (aOR: 3.70, 95% Cl: 1.64-8.43).

Discussion: The outbreak of acute haemorrhagic conjunctivitis in Pak Touch village was primarily caused by coxsackievirus
A24. Significant risk factors included physical contact with infected individuals, frequent eye rubbing and poor hand

hygiene. Effective hygiene measures are crucial to prevent the spread of AHC.

cute haemorrhagic conjunctivitis (AHC) was

initially reported in Ghana in 1969 and rapidly

spread across Africa, South-East Asia and
Japan.! It was nicknamed “Apollo 11 disease” due
to its emergence coinciding with the Apollo 11 moon
landing.? This highly contagious viral disease is
characterized by the sudden onset of a red eye, eyelid
swelling, tearing and subconjunctival haemorrhage.
These symptoms typically appear after an incubation
period of 12-48 hours and resolve spontaneously
within 1-2 weeks. While AHC is not usually a serious
condition, it can cause discomfort and disrupt daily life,
and in rare cases it can lead to ocular and systemic
complications.3
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Outbreaks of AHC are often linked to enteroviruses,
particularly Enterovirus D 70 (EV-D70) and coxsackievirus
A24 variant (CV-A24v), along with certain adenovirus
strains.®™® EV-D70 was responsible for pandemics
from the early 1970s to the mid-1980s, but its role in
causing AHC declined significantly after 1994 311713
CV-A24v, a variant of the Joseph prototype strain within
the Enterovirus C species first isolated in Singapore in
1970, has since gained recognition as the leading cause
of AHC outbreaks worldwide.'# 16

AHC spreads mainly through direct contact with

contaminated fingers, objects and tears. However, in the
case of CV-A24v — which uses sialic acids as receptors,
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binding «2,3 on the cornea and a2,6 in the respiratory
tract—transmission also occurs via airborne secretions. 718
Factors such as crowded environments and poor hygiene,
and practices such as sharing towels and reusing bathing
water further accelerate transmission.*®

Rapid diagnosis and virological confirmation
are essential for differentiating AHC from other eye
infections and triggering appropriate treatment and
control strategies to prevent epidemics. However,
virus identification remains a challenging and
time-consuming process. Initial isolation from
conjunctival samples involves inoculation onto human
cell lines (MRC5 or Hep-2) to detect cytopathic
effects, with specificity confirmed using real-time
reverse transcription—polymerase chain reaction
(RT-PCR), immunofluorescence or seroneutralization
assays.1120.21 However, CV-A24v cannot be identified
through these conventional methods, necessitating
VP1 sequencing, which requires several days to yield
results.?22%> While effective, these methods still
face sensitivity challenges and high costs, limiting
accessibility in developing countries.

In Cambodia, the first major outbreak of AHC was
reported in July 1980 and was attributed to EV-D70. It
occurred 1 year after the fall of the Khmer Rouge, when the
disease was prevalent in refugee camps and designated
transit centres.?® Since then, Cambodia had not had
any reported cases of AHC. However, on 23 September
2023, the director of Soam Thom Health Center reported
a surge in cases of conjunctivitis in a village in Ratanakiri
province. On 24 September, the Communicable Disease
Control Department of the Cambodian Ministry of
Health assigned a rapid response team to investigate
the outbreak, which was later confirmed to be AHC. The
outbreak was linked to four cases occurring among eight
individuals who had recently returned to Pak Touch village
from a funeral in Viet Nam on 14 September 2023. A
public health education campaign was promptly initiated
by the Ministry of Health and the National Program for
Eye Health to reduce further spread.

A retrospective study was conducted using data
collected during the investigation of the outbreak, and
this study aimed to characterize the AHC epidemic in
Pak Touch village, Ratanakiri province, Cambodia. The
objectives were to describe the clinical manifestations
and to identify the causative agent and risk factors for
infection.

https://ojs.wpro.who.int/
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METHODS
Study design and setting

This retrospective study used a case-control design. Pak
Touch village is situated in Pak Nhai commune, O’yadav
district, Ratanakiri province. It is 23 km from Soam Thom
Health Center, 73 km from Ban Lung City, and 15 km
from the Viet Nam border. The village is predominantly
inhabited by people of the Charay ethnic group; the village
faces challenges related to hygiene and sanitation,?” and
farming is the main occupation. It is home to 164 families,
comprising a total population of 594 residents, including
297 males and 297 females.

Outbreak investigation

The initial investigation started on 24 September 2023,
following a report from the director of the Soam Thom
Health Center about a significant rise in the number of
cases of acute conjunctivitis. The investigation protocol is
illustrated in Fig. 1. The following case definitions were
employed:

e suspected AHC case — any individual presenting
with eye redness, eye pain or eyelid swelling on or
after 14 September 2023, in Pak Touch village;

e confirmed AHC case - any clinical case
of conjunctivitis that was diagnosed by an
ophthalmologist and characterized by eye redness,
eye pain, eyelid swelling and/or subconjunctival
haemorrhage, occurring on or after 14 September
2023, in Pak Touch village.

Identification of cases and controls

For this case-control study, cases were identified
through a review of medical records and the line lists
compiled by local health authorities on 24 September
2023, the day of the investigation. Individuals who
had been clinically confirmed as having AHC by
an ophthalmologist on 24 September 2023 were
included in the study as cases. Patients diagnosed with
conjunctivitis before 14 September 2023 were excluded
from the case-control analysis. Each case was matched
to a control of the same age (i.e. year of birth =2 years)
selected at random from the population registry for the
village. Potential controls were excluded if their medical
records were incomplete or missing.

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1226
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Fig. 1.
Ratanakiri province, Cambodia, 2023

Schematic of the investigation of the outbreak of acute haemorrhagic conjunctivitis in Pak Touch village,

Outbreak investigation in
Pak Touch village (N =594)
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AHC: acute haemorrhagic conjunctivitis; FTD: Fast Track Diagnostics; HCoV NL63: human coronavirus NL63; RT-PCR: reverse transcription—polymerase chain

reaction.

Definitions of risk factor variables

Demographic data (age and sex) were obtained from
medical records, and data about the date of symptom
onset among cases and potential risk factors were obtained
from records of face-to-face interviews conducted during
the field investigation by the response team. Nine risk
factor variables were included in the analysis: having an
AHC patient in the family, meeting with an AHC patient,
having physical contact with an AHC patient, sharing eye
drops, using the same toilet, rubbing eyes frequently,
drinking from the same source (e.g. sharing cups), sharing
a towel and having poor hand hygiene. Poor hand hygiene
was defined as the absence of regular handwashing with

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1226

soap and water, particularly before eating and after using
the toilet.

Laboratory investigation
Sample collection

During the initial investigation, conjunctival swabs were
collected from 21 patients with clinical signs of AHC. After
aseptic collection, specimens were placed in test tubes
containing 2 mL of minimal essential medium, stored
at 4 °C and transported to the National Public Health
Laboratory of Cambodia. The cold chain was maintained
for 24 hours for further analysis. Real-time RT-PCR was

https://ojs.wpro.who.int/
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used to identify the viral pathogen; its genomic properties
were identified using RNA sequencing.

Testing for respiratory pathogens

Real-time RT-PCR testing was conducted at the National
Public Health Laboratory using Fast Track Diagnostics’
Respiratory Pathogens 21 multiplex assay (Fast Track
Diagnostics, Esch-sur-Alzette, Luxembourg), designed to
identify 20 viruses and one bacterium.

RNA sequencing

To confirm the causative agent of the outbreak, the
samples underwent comprehensive genomic sequencing
using the lllumina RNA Prep with Enrichment
tagmentation kit for targeted RNA sequencing, according
to the manufacturer’s instructions (lllumina, San Diego,
CA, USA). The sequencing results were analysed
using CZ ID, a cloud-based platform (Chan Zuckerberg
Initiative).

Statistical analysis

For this case-control study, the characteristics of cases
were described using frequencies and percentages
for categorical variables, and the median and range,
and mean and standard deviation (SD) for continuous
variables (age). The attack rate was calculated using the
following formula:

Attack rate = number of new cases/total population at risk x 100

where the population at risk was 594, the number of
people living in Pak Touch.

Chi-squared tests were performed to compare the
distribution of categorical variables between cases and
controls. Simple logistic regression was used to estimate
the association between an individual risk factor variable
and AHC infection, with results presented as crude odds
ratios (cORs) and corresponding 95% confidence intervals
(Cls). Multiple logistic regression was then conducted
to identify factors independently associated with the
outcome after adjusting for potential confounders. Final
model results are reported as adjusted odds ratios (aORs)
with 95% Cls and corresponding P values. Data analysis
was conducted using STATA version 18 (StataCorp,
College Station, TX, USA).

https://ojs.wpro.who.int/
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RESULTS

Demographic characteristics and risk factor
prevalence

On the date of the investigation, 73 cases were identified,
representing an attack rate of 12.3%. For the risk factor
analysis, 73 controls were subsequently recruited. The
median age of cases was 20.0 years (range: 1-70,
mean =+ SD: 27.7 + 20.0). Due to age-matching, the age
distribution between cases and controls was not
statistically significant. Nor was there a significant
difference in the sex distribution between cases and
controls (cases: 53.4% female, 39/73; controls: 52.1%
female, 38/73; P = 0.868) (Table 1).

Cases and controls differed in terms of the
proportion who reported having met with AHC patients
(69.9% [51/73] for cases vs 35.6% [26/73] for controls,
P < 0.001) and who had physical contact with AHC
patients (78.1% [57]1 vs 31.5% [23], P < 0.001)
(Table 1). Having an AHC patient in the family was also
more common among cases than controls (57.5% [42] vs
28.8% [21], P < 0.001). The prevalence of risk factors
related to hygiene and sharing practices was also higher
in cases than in controls. A higher proportion of cases
reported sharing eye drops (31.5% [23] vs 13.7% [10],
P = 0.001); drinking from the same cup was reported
by 63.0% (46) of cases but only 37.0% (27) of controls
(P = 0.002). Frequent eye rubbing was more common
among cases (75.3% [55] vs 31.5% [23], P < 0.001),
as was poor hand hygiene (72.6% [53] vs 34.2% [25],
P < 0.001).

Clinical presentation

Conjunctival hyperaemia was the most common clinical
manifestation of AHC, observed in all 73 cases (100%).
Subconjunctival haemorrhage was experienced by 82.2%
(60/73), while pain and discharge were each reported
by 64.4% (47/73 each). Eyelid swelling was observed in
57.5% (42/73) and tearing in 54.8% (40/73) (Table 2).
During the investigation, none of the patients developed
systemic manifestations or subsequent complications.

The propagated epidemic curve, shown in Fig. 2,

revealed a steady rise in the number of individuals
presenting with symptoms between 16 and 23 September

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1226
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Table 1. Sociodemographic characteristics of cases of acute haemorrhagic conjunctivitis and controls (N = 146),
Pak Touch village, Cambodia, 2023

Characteristic Cases (n = 73) Controls (n = 73) X2 P
Demographic variables
Median age (range, mean + SD) 20.00 (1-70, 27.7 = 20.0) 22.00 (2-70, 29.4 = 19.9)
Age group (years)
<6 7 (9.6) 4 (5.5)
6-18 19 (26.0) 31 (42.5)
19-30 13 (17.8) 11 (15.1)
31-50 19 (26.0) 16 (21.9)
=51 15 (20.5) 11 (15.1)
Sex
Male 34 (46.6) 35 (47.9)
Female 39 (63.4) 38 (52.1) 0.0275 0.868

Risk factors

Met with AHC patient

No 22 (30.1) 47 (64.4)

Yes 51 (69.9) 26 (35.6) 17.1749 <0.001
Physical contact with AHC patient

No 16 (21.9) 50 (68.5)

Yes 57 (78.1) 23 (31.5) 31.9652 <0.001
Had AHC patient in family

No 31 (42.5) 52 (71.2)

Yes 42 (57.5) 21 (28.8) 12.3133 <0.001
Used the same toilet

No 29 (39.7) 35 (48.0)

Yes 44 (60.3) 38 (52.0) 1.0015 0.317
Shared eye drops

No 50 (68.5) 63 (86.3)

Yes 23 (31.5) 10 (13.7) 6.6168 0.001
Shared cups for drinking

No 27 (37.0) 46 (63.0)

Yes 46 (63.0) 27 (37.0) 9.8904 0.002
Shared towel

No 48 (65.8) 54 (74.0)

Yes 25 (34.2) 19 (26.0) 1.1711 0.279
Rubbed eyes frequently

No 18 (24.7) 50 (68.5)

Yes 55 (75.3) 23 (31.5) 28.1870 <0.001
Poor hand hygiene

No 20 (27.4) 48 (65.8)

Yes 53 (72.6) 25 (34.2) 21.5807 <0.001

AHC: acute haemorrhagic conjunctivitis; SD: standard deviation; x?: chi-squared test.
Values are n (%) unless otherwise indicated. Bold P values are statistically significant (<0.05).
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2023. The earliest case presentation, on 16 September
2023, occurred 2 days after the individuals returned from
Viet Nam. Reported case numbers increased thereafter,
peaking at 31 new cases on 23 September 2023.

Risk factor regression

As shown in Table 3, seven of nine potential risk factors
had a statistically significant association with increased
odds of AHC in an unadjusted logistic regression analysis.
Those with the strongest associations included direct
physical contact with AHC patients (cOR: 7.74, 95% ClI:
3.70-16.30, P < 0.001), frequent eye rubbing (cOR:
6.64, 95% Cl: 3.20-13.70, P < 0.001) and poor hand
hygiene (cOR: 5.10, 95% Cl: 2.50-11.30, P < 0.001).
Using the same toilet and sharing a towel were not found
to be significantly associated with AHC in the univariable
models.

The three factors with the highest crude ORs
remained significantly associated with increased odds of
an AHC infection in the multivariable analysis (Table 3).
Having physical contact with an AHC patient and frequent
eye rubbing both increased the odds of AHC more than
fourfold (@aOR: 4.42, 95% CI: 1.90-10.10, P < 0.001;
aOR:4.56,95% Cl: 2.00-10.37, P < 0.001, respectively).
Poor hand hygiene was also independently associated
with AHC infection (aOR: 3.70, 95% CI: 1.64-8.43,
P = 0.002). All other factors including meeting with an
AHC patient, having an AHC patient in the family, and
the other sharing and hygiene-related behaviours were
not significantly associated with infection after adjusting
for confounders.

Laboratory findings

Among the 21 conjunctival swabs tested, real-time
RT-PCR detected enterovirus in 11 samples. Nine of
these showed coinfection with rhinovirus, and five were
also positive for human coronavirus NL63 (HCoV NL63).
Further RNA sequencing of five samples that were positive
for enterovirus revealed the highest similarity to CV-A24y,
confirming it as the cause of the AHC outbreak.

DISCUSSION
AHC, or “pink eye,” a highly contagious viral infection

with a short incubation period, has caused several global
outbreaks over the past four decades. In recent years,

https://ojs.wpro.who.int/
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Table 2. Clinical presentation of cases with acute
haemorrhagic conjunctivitis, Pak Touch village,
Cambodia, 2023 (N = 73)

Clinical presentation

No. (%) of cases

Eyelid swelling 42 (57.5)
Discharge 47 (64.4)
Pain 47 (64.4)
Tearing 40 (54.8)
Conjunctival hyperaemia 73 (100.0)
Subconjunctival haemorrhage 60 (82.2)

most notably in 2023, large-scale epidemics occurred
across Asia, mainly due to infection with CV-A24v.
Because of its high infectivity, AHC remains a significant
public health risk, with potential medical, social and
economic impacts.?82° Recent outbreaks highlight
the need for robust surveillance and targeted response
strategies.

Enterovirus infections can occur year-round, but
tend to peak in spring and autumn.3? In the autumn of
2023, India, Nepal, Pakistan and Viet Nam all reported
surges in cases of infectious conjunctivitis.3* Multiple
outbreaks also occurred during Thailand’s rainy season
(September—October).32 Thus, Cambodia's spike in AHC
cases in September 2023, at the end of its rainy season,
is unsurprising. However, it was Cambodia’s first outbreak
of AHC since 1980.26 This does not necessarily mean
that such outbreaks have not occurred during the past 43
years. The lack of investigations and limited emphasis on
surveillance for eye health may have led to cases being
overlooked or misidentified, suggesting that the extent
of the presence of AHC in the country may have been
underreported.

The wide age range of cases (1-70 years) and the
lack of a significant gender predisposition highlight the
disease’s ability to affect people of all ages and genders.
However, this analysis showed that individuals aged
6-18 years accounted for 26% of cases, a proportion
similar to that in those aged 31-50 years. While this does
not confirm increased susceptibility, the involvement
of school-aged children may reflect exposure patterns
associated with communal settings, such as schools and
social gatherings. Similar trends were observed in a 1972
outbreak in Tunisia and a July 2023 outbreak in India,
both of which saw a higher proportion of cases among

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1226
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Fig. 2.

Epidemic curve of outbreak of acute haemorrhagic conjunctivitis in Pak Touch village (N = 73),

Ratanakiri province, Cambodia, 14-24 September 2023, based on the first day of clinical presentation

as reported by the patient
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school-aged children, although older individuals were also
affected.33.34

This retrospective case-control study identified
several key risk factors for AHC transmission including
physical contact with an AHC patient, frequent eye
rubbing and poor hand hygiene. Similar risk factors have
been reported in previous outbreaks, including the 1985
outbreak in Singapore and the 2003 outbreak in Melaka,
Malaysia, in both of which close contact and the sharing
of personal items played major roles in transmission.®33
These findings underscore the importance of focusing on
personal hygiene and avoiding sharing items as a basis
for developing control and prevention strategies.

Immediately following the initial investigation, the

Ministry of Health, in collaboration with the National
Program for Eye Health, initiated a comprehensive public

WPSAR Vol 17, No 1, 2026 | doi: 10.5365/wpsar.2026.17.1.1226

health education campaign to alert the public to the
symptoms and modes of transmission of and preventive
measures for AHC, such as practising good hand hygiene
and avoiding contact with infected individuals. The public
health education programme targeted schools, health-
care facilities and community leaders, and used multiple
communication channels, including local media and
social media platforms, to deliver its messaging.

The propagated epidemic curve in this study
showed a rapid increase in cases within 1 week,
reflecting the characteristically swift transmission of
AHC during outbreaks. Clinically, the individuals affected
by the outbreak presented with typical signs, such as
conjunctival hyperaemia, subconjunctival haemorrhage,
discharge, eyelid swelling, pain and tearing. The high
prevalences of subconjunctival haemorrhage (82.2%)
and conjunctival hyperaemia (100%) highlight the
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Table 3. Crude and adjusted odds ratios for the association between behavioural risk factor and acute
haemorrhagic conjunctivitis for cases and controls (N = 146), Pak Touch village, Cambodia, 2023

VA @5% ) i Hosech P
Age group (years)

<6 Reference Reference

6-18 2.85 (0.70-11.00) 0.129 2.91 (0.56-15.03) 0.201

19-30 1.48 (0.34-6.42) 0.600 4.80 (0.70-22.30) 0.112

31-50 1.47 (0.34-6.42) 0.586 4.57 (0.80-26.80) 0.092

=51 1.28 (0.30-5.50) 0.737 2.5(0.40-13.90) 0.347
Sex

Male Reference

Female 1.05 (0.50-2.00) 0.868 - —
Met with AHC patient

No Reference Reference

Yes 4.19 (2.10-8.40) <0.001 1.30 (0.30-5.55) 0.738
Physical contact with AHC patient

No Reference Reference

Yes 7.74 (3.70-16.30) <0.001 4.42 (1.90-10.10) <0.001
Had AHC patient in family

No Reference Reference

Yes 3.35(1.70-6.70) 0.001 1.05 (0.15-7.10) 0.957
Used the same toilet

No Reference

Yes 1.40 (0.70-2.70) 0.318 - -
Shared eye drops

No Reference Reference

Yes 2.90 (1.26-6.65) 0.012 2.50 (0.90-7.20) 0.083
Shared cups for drinking

No Reference Reference

Yes 2.90 (1.50-5.70) 0.002 1.30 (0.50-3.10) 0.570
Shared towel

No Reference

Yes 1.50 (0.70-3.00) 0.280 - -
Rubbed eyes frequently

No Reference Reference

Yes 6.64 (3.20-13.70) <0.001 4.56 (2.00-10.37) <0.001
Poor hand hygiene

No Reference Reference

Yes 5.10 (2.50-11.30) <0.001 3.70 (1.64-8.43) 0.002

AHC: acute haemorrhagic conjunctivitis; Cl: confidence interval; OR: odds ratio.

Bold P values are statistically significant (<0.05).

distinct and severe presentation of AHC compared with
other types of conjunctivitis. In most respects, clinical
manifestations were similar to those reported in the 2023
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outbreak in India, in which conjunctival hyperaemia
was also observed in all cases.3* However, this study
observed higher rates of subconjunctival haemorrhage
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than in outbreaks in Viet Nam in 2023 and India in
2022, which reported prevalences of 4% and 17%,
respectively.3%3! The high prevalence of subconjunctival
haemorrhage in the cases in this study might be linked
to a high prevalence of frequent eye rubbing, which can
cause subconjunctival haemorrhage secondary to AHC.
Other signs, such as eyelid swelling, tearing, pain and
discharge, had prevalences comparable to those in both
earlier and more recent investigations.34:36

The AHC surge in Pak Touch village began with
the four cases observed among eight individuals who
returned home from Viet Nam on 14 September 2023.
Therefore, it is possible that the Pak Touch outbreak
may be linked to the outbreak of CV-A24v infection in
Viet Nam in 2023, as reported by Tran et al.3! News
reports from early September 2023 indicated that the
Viet Nam outbreak may well have contributed to the
rise in AHC cases observed in Cambodia, but further
investigation would be needed to confirm this.3738
Nevertheless, these events highlight how quickly
diseases can spread globally and underscore the need
for effective surveillance systems to detect and respond
to outbreaks promptly. Consequently, international
coordination is crucial for sharing information and
implementing unified public health strategies to control
cross-border infections.

The advanced PCR methods used in this study
allowed for rapid identification of the virus and revealed
the presence of enterovirus in 11 of 21 conjunctival
swab samples. Interestingly, nine of these positive
samples showed coinfection with rhinovirus, and five had
additional coinfection with HCoV NL63. These findings are
consistent with those from a study conducted in Madurai,
India, in 2021 during the COVID-19 Delta surge, during
which many AHC cases caused by CV-A24v infection also
involved coinfections with Human adenovirus D (HAdV-D)
and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).%° Similarly, the 2023 AHC outbreak in Viet
Nam, which was linked to CV-A24v, revealed coinfections,
including three cases also with HAdV-D, two with herpes
simplex virus type 1, and one each with Epstein—Barr
virus and cytomegalovirus.3! This similarity highlights
the recurring nature of coinfections during viral outbreaks
and underscores the importance of implementing
comprehensive viral screening to manage and understand
AHC. The first-line test for virological confirmation is
the real-time RT-PCR assay, as it can yield results in a
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few hours.?? However, due to a lack of sensitivity, more
advanced gene sequencing techniques, such as RNA
sequencing with next-generation sequencing, are required
to fully characterize the responsible pathogen.?? Although
considered the gold standard for virus isolation,?? these
methods pose challenges for timely diagnosis, particularly
in resource-limited settings such as Cambodia. In this
study, the use of unbiased RNA sequencing analysis
confirmed the presence of CV-A24v in all five cases who
tested positive for enterovirus, but it took approximately
16 days to yield definitive results.

Effectively managing AHC outbreaks in resource-
limited settings such as Cambodia requires addressing
several public health challenges. Currently, eye health
diseases are not included in Cambodia’s case-based,
event-based and sentinel surveillance systems, which
often leads to delayed reporting.*® However, while
extending these systems to remote areas, such as Pak
Touch village, may be desirable, it may be difficult for
systems that rely on digital tools — such as CamEwarn
(a case-based surveillance system for seven epidemic-
prone diseases) and Hotline-115 (for reporting diseases)
— because local health centres often lack the necessary
computers, reliable internet connections and technical
skills. A more feasible way forward may be to implement
enhanced community-based syndromic surveillance,
which would require training local health-care workers
and volunteers to recognize early symptoms of AHC
and to report via a mobile app or SMS integrated with
Hotline-115.

Limitations

This study had several limitations. Its retrospective
design and reliance on historical and self-reported data
risk introducing bias due to recall inaccuracies and
missing or incomplete records. The epidemic curve, for
example, was based on patients’ recollections of the date
of symptom onset, which may have affected the accuracy
of the outbreak timeline. Data collection ceased on 24
September, potentially resulting in missed cases and an
underestimation of the true attack rate. The small number
of conjunctival swabs and samples for sequencing limited
the ability to draw more robust conclusions about the viral
strains and their transmission dynamics. Furthermore,
the lack of phylogenetic analysis limited insights into the
genetic diversity and evolutionary changes of the virus.
Finally, the findings from the risk factor analysis may
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not be generalizable to other areas, given the specific
sociodemographic and environmental characteristics of
Pak Touch village.

Conclusions

The AHC outbreak in Pak Touch village, Ratanakiri
province, Cambodia, was attributed to infection with
CV-A24v. Critical risk factors for infection in this setting
included physical contact with AHC patients, frequent
eye rubbing and poor hand hygiene. These findings
are essential for developing targeted public health
interventions to control and prevent future outbreaks
of AHC in Cambodia. Continual surveillance and public
education remain crucial to manage AHC and reduce its
public health impact in the future.
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Many countries record high rates of fireworks-related injuries, especially during national celebrations. In the Philippines,
increases in the number of injuries reported around the New Year period in recent years have highlighted the importance
of continued strengthening of national fireworks-related injury surveillance. The Philippines’ regional epidemiology and
surveillance units play a significant role in surveillance by linking its key stakeholders, the sentinel hospitals and the
Department of Health’s Central Office. More specifically, these units promote compliance with reporting standards among
sentinel hospitals and support case data validation. Approximately half of the sentinel hospitals that contribute data to
the surveillance system are in the nation’s capital, Metro Manila. This concentrated coverage prompted the Regional
Epidemiology and Surveillance Unit staff in Metro Manila to implement low-cost, digital strategies to improve the quality and
timeliness of fireworks-related injury reporting. During the 2023-2024 surveillance period (21 December to 5 January), the
use of virtual coordination spaces and data dashboards contributed to reducing turnaround times for generating surveillance
reports from 31 minutes to 8 minutes. Moreover, at least 80% of sentinel hospitals provided timely reports on 11 of the
16 days of the surveillance period. Staff commitment was a major contributing factor in overcoming the time and human
resource constraints encountered during implementation of these strategies. However, it is important to recognize that
beyond these digital innovations, policy reforms that increase funding are needed to enhance fireworks-related injury
surveillance and secure its long-term sustainability and scalability in the Philippines.

ireworks-related injuries (FWRIs) are increasing

across the Philippines, following a decline during

the first year of the COVID-19 pandemic.!? Injury
prevalence is greatest during December and January,
when fireworks are traditionally enjoyed as part of
New Year’s celebrations. Injuries rose from 188 cases
in December 2021-January 2022 to 291 cases in
December 2022-January 2023, an increase of 55%.12
A further increase was observed the following year, with
cases in December 2023-January 2024 roughly doubling
the number recorded in December 2022-January 2023.3
Despite policies prohibiting their use, approximately 40%
of FWRIs have been attributed to illegal firecrackers.!
These trends underscore the continuing importance of
FWRI surveillance as a basis for targeted interventions to
reduce these injuries.
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In the Philippines, FWRI surveillance is overseen
by the Department of Health (DOH) and runs annually
from 21 December to 5 January.* Throughout this period,
the DOH conducts campaigns to remind the public of
the dangers associated with fireworks and to promote
injury prevention.!:3%6 Central to FWRI surveillance
is the Online National Electronic Injury Surveillance
System (ONEISS), which collates data on identified
FWRI cases submitted by a nationwide network of 61
sentinel hospitals using standardized case investigation
forms (DOH Department Memorandum 2023-0427).37
All patients who seek treatment for injuries caused by
fireworks at sentinel hospitals are classified as FWRI
cases and are further subclassified as fireworks injury,
fireworks ingestion, stray bullet injury or fireworks-related
tetanus. If no FWRIs are seen on a given day during the
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surveillance period, sentinel hospitals are required to
submit zero reports to ensure completeness of reporting
and data integrity (DOH Department Memorandum
2023-0427). The DOH Central Office (CO) reviews
and validates all submitted case investigation forms and
generates national FWRI reports.

FWRI surveillance is supported by 17 regional
epidemiology and surveillance units (RESUs), one for
each region of the country. RESUs promote compliance
with reporting standards and disseminate FWRI reports
to internal and external regional stakeholders. Requests
to sentinel hospitals for action on missing, incomplete or
unclear data relating to FWRIs are coursed through RESUs.

Almost half of the FWRI sentinel hospitals (n = 30)
are in Metro Manila,* making the city a critical focal
point for FWRI surveillance reporting and a natural
candidate for trialling innovations in surveillance practice.
This article documents the operationalization of two
digital innovations aimed at improving coordination and
reporting efficiency — a virtual coordination space (VCS)
and a data dashboard (Box 1). Both were implemented
by RESU staff in Metro Manila during the 2023-2024
FWRI surveillance period.

METHODS
Pre-implementation activities

Approximately 3 weeks before the start of the surveillance
period, 35 RESU staff were divided into groups of two or
three and matched with sentinel hospitals. Due to human
resource constraints, some staff were part of more than
one group, and some groups were matched with more
than one hospital. Two individuals were assigned as co-
heads and tasked with liaising directly with the DOH CO
and with managing the new email account dedicated to
coordinating FWRI surveillance.

After a virtual orientation on liaising with sentinel
hospitals, each group gave its assigned sentinel hospital
an overview of the FWRI surveillance system and briefed
hospital staff on the importance of submitting complete
and timely case investigation forms. Hospital staff’s
contact details were registered in an online directory.
A VCS was created using a free online messaging
application, accessible to all involved staff via a mobile
phone or computer.
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Development of the data dashboard for visualization
of FWRI data involved several steps:

1. consideration of dashboard objectives and its
intended users;

2. design of dashboard elements; and

3. addition of filters for data customization.

The main objective of the dashboard was to provide
the Regional Director of the DOH Metro Manila Center for
Health Development and other regional stakeholders with
access to the latest FWRI statistics within an hour of the
end of each reporting day (06:00 to 05:59 the following
day). The dashboard was developed using the free-to-use
Google Looker Studio. Looker Studio files were linked to
a Google Sheets spreadsheet, into which ONEISS data
were uploaded. Data visualizations in the form of tables
and graphs were then created using the chart function of
Looker Studio. The completed dashboard consisted of the
following components:

1. epidemiologic curve of FWRI cases, by date of
injury and comparisons with 2022-2023 data
and a b-year average;

2. number of FWRI cases by age, sex, local
government unit, reporting sentinel hospital,
place of injury, patient disposition (treated and
sent home, admitted, refused admission) and
outcome (alive, died);

3. anatomic sites affected; and

4. types of fireworks implicated.

Data filters enabled the generation of granular data
by date of injury, local government unit, sentinel hospital
and legal status of the implicated fireworks. The ONEISS
was cited as the reference for all dashboard visualizations.

Implementation

Project outputs included an updated online directory
of sentinel hospitals, a VCS and a data dashboard.
Deliverables included promoting sentinel hospital
reporting timeliness; addressing requests for action on
missing, incomplete or unclear data; and generating
daily FWRI surveillance reports. Fig. 1 illustrates the
process flow for handling requests for action on missing,
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Box 1. Use of the virtual coordination space: (a) updates on FWRI cases; (b) case validation; (c) zero reporting;

and (d) staff feedback

FWRI: fireworks-related injury.

https://ojs.wpro.who.int/
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Process flows for FWRI surveillance: (a) general process flow illustrating major activities; and (b) steps

(b) Case data validation process flow
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CIF: case investigation form; DOH: Department of Health; FWRI: fireworks-related injury; ONEISS: Online National Electronic Injury Surveillance System; RESU:

regional epidemiology and surveillance unit.
2 Use of the virtual coordination space is highlighted in dark blue.

incomplete or unclear injury data via the VCS as part of
data validation. Action requests from the DOH CO were
relayed to the co-heads, who posted them in the VCS.
RESU staff read the requests and forwarded them to
sentinel hospitals. Responses from sentinel hospitals
were likewise relayed back through the same mechanism.

At around 02:30, RESU staff issued reminders
to sentinel hospitals that had not reported an FWRI
for that day to submit a zero report. Proof of hospital
compliance with zero reporting was then uploaded to the
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VCS. Sentinel hospitals that did not submit a zero report
were classified as a non-reporting facility. RESU staff
were able to contest at the national level any erroneous
classification of the facility as non-reporting by taking
screenshots of their zero reports.

After the end of each reporting day, RESU staff
posted daily and cumulative FWRI statistics for each
sentinel hospital in the VCS. In addition, a summary of
sentinel hospital timeliness was shared via the VCS, and
RESU staff provided sentinel hospitals with appropriate
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Fig. 2. FWRI cases and sentinel hospitals with timely reports for each day of the FWRI surveillance period,
Metro Manila, Philippines, 2023-2024
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feedback. Sentinel hospitals were considered timely if
they submitted FWRI reports on the same day as the
date of injury or submitted a zero report before 05:00,
whichever criterion applied. Hospitals that did not meet
these conditions were classified as late.

To generate daily FWRI surveillance reports,
validated case data for Metro Manila were extracted from
ONEISS and copied into the online spreadsheet. The
dashboard page was refreshed, and the updated report
was exported and disseminated to internal and external
stakeholders. The link to the dashboard was also shared
with stakeholders within the DOH Metro Manila Center
for Health Development.

Post-implementation and evaluation

At the end of the FWRI surveillance period, a final report
comprising cumulative FWRI surveillance statistics and
a summary of reporting compliance by sentinel hospitals
was generated and submitted for dissemination.

For internal evaluation purposes, we estimated three
performance metrics: the proportion of action requests

https://ojs.wpro.who.int/

resolved, the proportion of sentinel sites achieving timely
reporting and the process flow (the time between ONEISS
data download and surveillance report creation).

RESULTS

A total of 322 FWRI cases were captured by ONEISS
during the 2023-2024 surveillance period. The number
of FWRIs reported per day ranged from O to 6 cases,
except on 25 and 31 December and 1 January when 16,
84 and 184 cases were reported, respectively (Fig. 2). A
total of 77 action requests were coursed through RESU
staff, all of which were posted in the VCS and then
relayed to sentinel hospitals. Likewise, responses from
sentinel hospitals to all 77 action requests were relayed
to the DOH CO.

The proportion of sentinel sites that submitted timely
reports for each day of the surveillance period ranged
from 56.7% (n = 17/30) to 100% (n = 30/30), with a
median of 83.3% (n = 25/30). On 11 consecutive days
of the 16-day surveillance period, reporting was timely for
at least 80% of sentinel hospitals (Fig. 2).
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Fig. 3. The original and new process flows for gener-

ating FWRI surveillance reports
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FWRI: fireworks-related injury; ONEISS: Online National Electronic Injury
Surveillance System.

The process flow for generating an FWRI surveillance
report using the dashboard took approximately 8 minutes,
which was faster than the original workflow of 31 minutes
(Fig. 3).

DISCUSSION

The VCS and data dashboard contributed to improvements
in FWRI surveillance process flows in Metro Manila.
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RESU staff were able to liaise continuously with the 30
sentinel hospitals and the DOH CO, resulting in high levels
of timely reporting during the surveillance period. Data
dashboards reduced the turnaround time for generating
surveillance reports. While these tools are neither novel
nor unique, to the best of our knowledge, their use at the
regional level for FWRI surveillance has not previously
been described.

The VCS delivered greater interconnectedness across

the FWRI surveillance system; it facilitated connections
between the DOH CO and sentinel hospitals and enabled
RESU staff working in different locations across Metro
Manila to coordinate their efforts. The VCS was most
active during 03:00-05:00, especially on the nights of 24
and 31 December and 1 January, when the most FWRI
cases were reported, indicating RESU staff's high levels
of commitment to their nightly coordination roles. There
were several undocumented instances of sleep deprivation
among staff who often had to work the following day.
However, within their respective groupings, staff rotated
nightly coordination duties to sustain the round-the-clock
demands of FWRI surveillance whenever possible. The
commitment shown by RESU staff, many of whom worked
well beyond their normal hours, was a key factor behind the
100% response rate in processing requests from the DOH
CO and the high levels of case validation. This dedication
built not only a strong, lasting collaborative network of
FWRI surveillance stakeholders, but also trust — which is
essential for surveillance systems to thrive.

The human resource demands created by the VCS

were to some extent offset by the dashboard, which
relieved staff of the repetitive processes involved in
manual data visualization. Dashboards are increasingly
being used for process improvement, and in this setting
demonstrably reduced workload by reducing turnaround
time for generating reports.®° Previous institutional
experience in developing dashboards, in particular to
support the COVID-19 response, helped with building
the FWRI dashboard.!® However, formal training on
its use and management was not feasible due to time
constraints. Staff responded by helping stakeholders
familiarize themselves with the dashboard as needed, and
one staff member took responsibility for its maintenance.
The main  challenge  encountered  during
implementation of the VCS and the dashboard was
human resource constraints. Compared with other

https://ojs.wpro.who.int/
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regions, which typically have fewer than four sentinel
hospitals, FWRI surveillance in Metro Manila has a
relatively greater complement of human resources and
level of coordination covering all 30 sentinel hospitals.
Even so, staff delegated to FWRI surveillance tasks were
already either managing other surveillance systems or
assigned as field staff in hospitals or local government
units. Furthermore, most staff contracts ended on
31 December, affecting follow-up with sentinel hospitals
for reporting and data validation during the last 5 days of
FWRI surveillance. While the VCS and dashboard helped
overcome this constraint, greater sustainability in FWRI
surveillancerequiressolutions beyond processimprovement,
such as policy reforms allocating greater funding.

While we believe we have demonstrated that it
is possible to operationalize regional dashboards, we
acknowledge that further improvements in the VCS and the
FWRI dashboard are needed to address evolving challenges
and strengthen FWRI surveillance in Metro Manila. Data
quality issues, such as missed and misclassified FWRIs,
and underreporting at both sentinel and non-sentinel sites,
have yet to be fully understood and addressed. Given
that around 29% of all FWRIs in Metro Manila during the
2023-2024 surveillance period were reported by non-
sentinel sites, the expansion of the surveillance network is
key to future development, one where the VCS can play a
role in facilitating stakeholder engagement and sustaining
coordination. Additionally, the inclusion of visualizations
of operational performance indicators (for example, the
proportion of unreported and misclassified FWRI cases,
and validated zero reports) in the dashboard would improve
data quality and strengthen FWRI surveillance. There is
also an opportunity to transform the FWRI dashboard into
a public-facing dashboard, thereby helping raise public
awareness of the risks of FWRIs.

Conclusion

The implementation of FWRI surveillance is unique in
Metro Manila primarily because of the concentration of
sentinel sites. Significant improvements in turnaround
time for generating surveillance reports were achieved
through the adoption of innovative digital tools such as
the VCS and data dashboards. These strategies can be
scaled up to other surveillance systems and adopted
by other organizations facing similar challenges. While
continued use and development of such tools can
contribute to stronger FWRI surveillance, it should

https://ojs.wpro.who.int/
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be noted that policy reforms that increase funding
would further strengthen FWRI surveillance and its
sustainability in the Philippines.
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