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Introduction

The Ontario Vector-borne Disease (VBD) Tool is interactive and brings together key surveillance data on
VBDs in Ontario. Using interactive mapping technology, the resource allows users to explore trends in
human cases, mosquito and tick surveillance, and blacklegged tick established risk areas at a more
detailed geographic level than previously available.

These Technical Notes summarize the data sources, methods and caveats for the Tool content. In
addition, appendices are presented for public health unit codes (Appendix A), acronyms and

abbreviations (Appendix B), and glossary (Appendix C).

Data Sources
Blacklegged Tick Established Risk Areas

Tick dragging data (active tick surveillance) are reported to PHO on an annual basis by the National
Microbiology Laboratory (NML). Data includes blacklegged tick (/xodes scapularis) collections and
identifications made from January 1, 2015, through the most recent year. Data will be updated annually
by mid-May.

Tick Submission Locations

Tick identification and submission data (passive tick surveillance) are maintained in the Public Health
Ontario Laboratory Information Management System (PHO LIMS, January 1, 20204 to present). Data
includes samples logged from January 1, 2014, through February 28, 2016 (using ECTOPARASITE test)
and March 1, 2016, through the most recent year (using TICK_ID test); data will be updated annually by
late spring.

PHO LIMS passive tick surveillance data are supplemented with eTick data, provided by Bishop’s
University. eTick is a web-based service (passive tick surveillance) in which users can submit a picture of a
tick and have an identification within two business days. eTick data includes tick identifications from
photographs submitted from April 1, 2019, through June 30, 2025.

Percent Positive Ticks

From 2016 through 2021, blacklegged ticks identified by the PHO Laboratory (passive tick surveillance)
were sent to the NML for pathogen detection. Data includes PCR testing results extracted from the PHO
LIMS for samples logged from March 1, 2016, through September 19, 2021. As of September 20, 2021, ticks
collected by passive surveillance are no longer tested for pathogens; therefore, after this date, this data will
not be updated, and only tick testing data from tick dragging (active tick surveillance) will be used.
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PCR results from blacklegged ticks collected by tick dragging are reported to PHO annually from NML.
Data includes PCR test results from blacklegged ticks collected from January 1, 2015, through the most
recent year. Data will be updated annually by late spring.

Mosquito Populations and Arbovirus Testing

The West Nile virus (WNV) surveillance database is maintained by PHO and includes all mosquito
identifications and arbovirus (eastern equine encephalitis virus [EEEV]/WNV) test results from

January 1, 2014, through the most recent week of the current year. During the mosquito season (May 1
to October 31), public health unit (PHU) contracted service providers send the data to PHO where it is
updated weekly.

Human Vector-borne Disease Data

The human disease data includes confirmed and probable cases of anaplasmosis, babesiosis, Lyme
disease, Powassan virus infection, and WNV illness. EEEV infection is only reportable under viral
encephalitis or meningitis and therefore human cases of EEEV infection are not included in the Tool.
Cases were extracted from the Ontario Ministry of Health integrated Public Health Information System
database. Data is extracted every Tuesday at 5:00PM and used to update the Tool weekly.

Methods
Blacklegged Tick Established Risk Areas

PHO calculates established risk areas as a 20-km radius circle extending from the location where
blacklegged tick(s) were found through tick dragging. This definition is based on work done in Nova Scotia
and adopted by the Public Health Agency of Canada (PHAC) for their Lyme disease risk mapping.t An
established risk area in Ontario is determined by described methods.? Initially, passive surveillance
indicators can be used to inform where tick dragging should be conducted.

Passive surveillance indicators may include, but are not limited to:

e The location of ticks submitted to PHO Laboratory, from the public via PHU offices and healthcare
providers, for identification.

e The location of ticks submitted to eTick from the public.
e Assessment of exposure location of human tick-borne disease cases.

e A suitable blacklegged tick habitat.

Once passive surveillance indicators are present, tick dragging takes place, with three person-hours of
drag sampling in potential risk areas in spring (May) and fall (October).? Finding at least one blacklegged
tick during both the spring and fall indicates an established blacklegged tick risk area. Collections are
made in the spring and fall because this is when adult blacklegged ticks are active and easier to detect
when tick dragging.

Further details on how tick dragging is performed can be found in PHO’s Active Tick Dragging: Standard
Operating Procedure.?
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Tick Submission Locations

PHO Laboratory morphologically identifies ticks (from human hosts only) submitted by the public
through PHU offices or healthcare providers.>”’

Tick identification data from PHO LIMS have been provided as unique tick samples received per tick
species. If a single tick sample contained multiple tick species, these were reported separately (e.g., if the
same sample contained Dermacentor variabilis and Ixodes scapularis, one record was retained for each
species). Ticks that could only be identified to the genus level were similarly reported separately from
those identified to the species level within a given sample (e.g., Ixodes scapularis versus Ixodes species).

Tick submissions are reported as counts and aggregated to Aggregate Dissemination Area (ADA)
geographies when visualized on the map in the Ticks tab. Ixodes scapularis, Dermacentor variabilis,
Amblyomma americanum, Ixodes cookei, and “other” were chosen as they are vectors and/or the most
abundant species submitted (Ixodes scapularis, Dermacentor variabilis, Ixodes cookei), or are of interest
from the standpoint of potentially invasive species (Amblyomma americanum).

Submissions were removed if submitted from outside of Ontario.

The PHU derived from PHO LIMS may not align with all current Ontario PHUs due to recently merged
PHUs and, less commonly, errors in postal code mapping to PHUs.

PHO tick submission guidance states that the laboratory will only accept ticks collected from human
hosts. However, it is possible that non-human ticks may have been submitted.

Percent Positive Ticks

Blacklegged ticks were individually tested for Anaplasma phagocytophilum, Babesia microti, Borrelia
burgdorferi, and Powassan virus by previously described methodologies.®*°

Percent positivity is the number of ticks positive for a pathogen divided by the total number of ticks
tested, then multiplied by 100. Percent positivity of each tick pathogen is aggregated and mapped to the
PHU-level.

Negative PCR results were not clearly specified for each tick-borne pathogen in PHO LIMS until early
2019. Prior to this point in time, negative results have been inferred for each of the four pathogens
based on the presence of the PCR test record and the presence or absence of a positive result.

Mosquito Populations and Arbovirus Testing

Adult mosquitoes are collected using carbon dioxide-baited CDC miniature light-traps in PHUs one night
per week during the WNV season from May through October.

Weekly, mosquito traps are placed out for one evening and collected the following morning; PHU staff
send them to service providers to identify the mosquitoes to species. A subsample up to 150 mosquitoes
are randomly identified from each trap. From each trap, three pools (up to 50 mosquitoes per pool) are
tested for the RNA of WNV or EEEV in an order of preference. Please refer to the most current West Nile
Virus Preparedness and Prevention Plan for further details.®Y
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Mosquitoes included in the Mosquito Traps tab are Culex pipiens/Culex restuans, Aedes vexans,
Coquillettidia perturbans, Ochlerotatus canadensis, and Ochlerotatus japonicus. We concentrate on
these species because they are relatively abundant and are the species most often positive for WNV.
Relative abundance of each mosquito is reported as a proportion of the five species.

In addition, the relative abundance of all mosquito species is presented, in the Mosquito Species tab, as
the average number of that mosquito collected per trap per week per PHU. Trap locations are mapped
using the trap latitude and longitude rounded to two decimal places.

Human Vector-borne Disease

The Tool includes cases with episode dates from January 1, 2014, through to the most recent week, inclusive.

Caveats

Data provided during the pandemic (2020-2023) may not reflect the actual epidemiological situation in
Ontario, so readers should interpret epidemiological trends with caution. In addition, submission of
vectors and pathogen detection were likely impacted by the pandemic, so readers should interpret
vector data with caution.

Blacklegged Tick Established Risk Areas

Active blacklegged tick surveillance is performed unevenly across the province. Where to perform tick
dragging is guided by passive surveillance indicators, which does not allow for uniformly distributed tick
dragging sites.

Blacklegged ticks feed on and are transported by migratory birds and other animals, meaning there is a
possibility of encountering an infective blacklegged tick almost anywhere in Ontario.

The habitat and animal reservoir hosts required for blacklegged tick establishment and tick-borne
disease transmission are not uniformly distributed within the established blacklegged tick risk areas; i.e.,
blacklegged ticks require wooded and brushy areas to establish in an area.

Tick Submission Locations

The PHU derived from PHO LIMS may not align with current Ontario PHUs due to recently merged PHUs
and, less commonly, errors in postal code mapping to PHUs.

PHO tick submission guidance states that the lab will only accept ticks collected from human hosts.
However, it is possible that non-human ticks may have been submitted.

The exact location of exposure or tick acquisition is usually unknown for submissions and, for the
purpose of this tool, we assumed the most likely exposure location was near the collector’s home.
Submissions having only the postal code for the healthcare provider or PHU office (i.e., no postal code of
collector) were not mapped. If no sample collection date was included, then we used the date the
sample was received by the PHO Laboratory. If postal code of collector was missing or entered in error,
then that record was not mapped.

18,19
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Eastern Ontario Health Unit, Kingston-Frontenac and Lennox & Addington (now part of South East Health
Unit), and Leeds-Grenville and Lanark District (now part of South East Health Unit) stopped accepting tick
submissions at their PHU offices in 2014 and Haldimand-Norfolk (now part of Grand Erie Health Unit)
stopped in 2018; however, healthcare providers could still submit ticks from patients in these PHUs.

eTick does not distinguish between Dermacentor variabilis and Dermacentor albipictus. Therefore, eTick
data does not contribute to Dermacentor variabilis counts in the Tool. This will affect the appearance of
the map.

While eTick identifies ticks collected from humans, animals, and the environment, we only include those
collected from human hosts in the Tool.

Percent Positive Ticks

Positive Anaplasma phagocytophilum results include both the strain responsible for human disease
(Ap-ha) and the non-pathogenic strain (Ap-variant 1). Positive Powassan virus results include both
Lineage 1 (Powassan virus-1) and Lineage 2 (deer tick virus).

While not reported as a co-infection in the Tool, more than one pathogen can be detected in tick samples.

If no samples tested positive for a pathogen for a given year, then there is no map provided.

Mosquito Populations and Arbovirus Testing

Based on each PHU’s local risk assessment, the number of traps a PHU sets can vary from year to year,
and even week to week within a season. When PHUs begin and end mosquito surveillance is based on
the same local risk assessments and differs among the PHUs. Therefore, not all Epidemiological Weeks
will contain data for all PHUs.

Mosquito collection data are influenced by differences in local surveillance programs, as each PHU
implements these independently. Although the mosquito surveillance program was standardized across
Ontario, the number of mosquitoes identified per trap, for certain years and PHUs, was more than the
“maximum” of 150. Since the majority of the service providers stopped identifying mosquitoes after 150
(as was stipulated), including those traps that contained more than 150 mosquitoes would have led to a
misrepresentation of the number of mosquitoes identified by certain PHUs and years, representing
surveillance artefact rather than higher numbers of mosquitoes.

The Ontario mosquito surveillance system targets the primary vectors of WNV, these are host-seeking
mosquitoes that primarily feed from dusk to dawn, such as Culex pipiens and Culex restuans. Therefore,
daytime/crepuscular host-seeking species, such as Ochlerotatus japonicus, comprise a lower proportion
of the mosquitoes identified and tested. The order of preference for testing pools of mosquitoes means
mosquitoes like Culex pipiens/Culex restuans will be positive for WNV RNA more often than other
species that are lower priority for testing.

The mosquito surveillance system was designed for urban and suburban habitats and their mosquitoes
(e.g., Culex species). Since EEEV occurs primarily in rural areas near swamps, the mosquito surveillance
system does not readily collect the primary vector of EEEV (Culiseta melanura), leading to an
underestimation of the relative abundance of Culiseta melanura and EEEV activity.

Human Vector-borne Disease

Methods and data caveats are described in the Infectious Disease Trends in Ontario Technical Notes.?
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Appendix A: Public Health Unit Codes

ALG: Algoma Public Health

CHK: Chatham-Kent Public Health

DUR: Durham Region Health Department

EOH: Eastern Ontario Health Unit

GBO: Grey Bruce Public Health

GEH: Grand Erie Health Unit

HAL: Halton Region Public Health

HAM: City of Hamilton Public Health Services
HNP: Lakelands Public Health

HPH: Huron Perth Public Health

LAM: Lambton Public Health

MSL: Middlesex-London Health Unit

NEH: Northeastern Health Unit

NIA: Niagara Region Public Health

NPS: North Bay Parry Sound District Health Unit
NWR: Northwestern Health Unit

OTT: Ottawa Public Health

OXE: Southwestern Public Health

PEL: Peel Public Health

REN: Renfrew County and District Health Unit
SEH: South East Health Unit

SMD: Simcoe Muskoka District Health Unit
SUD: Public Health Sudbury & Districts

THB: Thunder Bay District Health Unit

TOR: Toronto Public Health

WAT: Region of Waterloo Public Health and Paramedic Services
WDG: Wellington-Dufferin-Guelph Public Health
WEC: Windsor-Essex County Health Unit

YRK: York Region Public Health
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Appendix B: Acronyms and Abbreviations

Ae: Aedes

An: Anopheles

Ana: Anaplasma phagocytophilum or anaplasmosis
Bab: Babesia microti or babesiosis

BLT: blacklegged tick

CDC: Centers for Disease Control and Prevention
Cq: Coquillettidia

Cs: Culiseta

Cx: Culex

EEEV: eastern equine encephalitis virus

EEEVPP: eastern equine encephalitis virus positive pools
LD: Lyme disease

LIMS: Laboratory Information Management System
MRW: most recent week

MRY: most recent year

NML: National Microbiology Laboratory

Oc: Ochlerotatus

PCR: polymerase chain reaction

PHAC: Public Health Agency of Canada

PHU: public health unit

POW: Powassan virus infection

POWV: Powassan virus

RNA: ribonucleic acid

WNVPP: West Nile virus positive pools

WNV: West Nile virus and WNV illness

YTD: year-to-date
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Appendix C: Glossary

Active tick surveillance: In Ontario, active surveillance refers to tick dragging, which involves dragging a
cloth over vegetation to collect host-seeking ticks from the environment.

Arbovirus: A virus transmitted among animals by blood-feeding arthropods (arthropod-borne virus).

Average number mosquitoes: Weekly average number of each mosquito species collected per trap per
night, for a given PHU.

Case definition: A set of standard criteria for deciding whether a person has a particular disease or
health-related problem. The most recent case definitions for Diseases of Public Health Significance in
Ontario can be found on the Ministry of Health’s website (e.g., anaplasmosis).?

Epidemiological Week: An epidemiological week is a standardized method of counting weeks, starting with
Sunday and ending on Saturday and starting with the first Sunday in January (if at least 4 days into January).

Established blacklegged tick risk area: A 20-km radius circle extending from the location where
blacklegged tick(s) were found through drag sampling. Finding at least one blacklegged tick during both
spring and fall dragging events indicates an established blacklegged tick risk area.

eTick: eTick is a web-based tick identification service in which users can submit a picture of a tick and
have an identification within two business days.

Most recent week: The most recent seven-day period from Sunday to Saturday of the current year.

Most recent year: The most recent complete 12-month period from January to December of the year
preceding the current year.

Passive tick surveillance: In Ontario, passive tick surveillance includes submission of ticks to PHO
Laboratory for identification (from patients via PHU offices or healthcare providers).

Percent positive: Number of positive mosquitoes (or ticks) divided by all mosquitoes (or ticks) tested for
a specific pathogen, multiplied by 100.

Pool: The assignment of a mixed collection of adult mosquitoes to specific groups, based on site location
and species, for the purposes reducing the amount of viral testing needed while still giving an estimate
of viral activity in a given area. There can be 1-50 mosquitoes per pool.

Positive pools: Number of mosquito pools that test positive for EEEV or WNV.
Rate: Number of cases of human disease per 100,000 population.

Reservoir: An animal population that normally harbors a disease-causing organism capable of being
transmitted to humans or other animals.

Site count: Number of mosquito traps used in a public health unit for a given week.

Tick dragging (or dragging or drag sampling): Dragging or pulling a cloth along vegetation to collect
host-seeking ticks from the environment.

Vector: An arthropod carrier and transmitter of a disease-causing organism.
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