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Due to the near-real-time nature of syndromic surveillance, it can be an effective public health tool for responding to environmental threats like wildfires. Wildfire is an integral part of the function of many ecosystems, but in recent years, human behavior and climate change have resulted in wildfire seasons that are longer, more destructive, and more costly. Public health responses most often focus on the effects of air pollution resulting from wildfire smoke. Health outcomes associated with exposure to fine particulate matter (PM2.5) from wildfires include worsened respiratory and cardiovascular disease and increased acute events. In response to the identified need for guidance on how to use syndromic surveillance during wildfire and smoke events, CSTE’s Climate, Health, and Equity Subcommittee convened a workgroup to collect and review existing wildfire-related queries, develop novel querie(s), and disseminate guidance.
This guide includes two novel queries: wildfire and smoke visits and respiratory visits of interest during a wildfire or smoke event. Using an innovative template and guide, these queries were validated by workgroup members from four jurisdictions. Validation centered on known wildfire events, but validators also included pre- and post-fire periods to determine trends. Each validator selected a time period and geography that was appropriate given their data system and local conditions. Daily maximum PM2.5 was used as an external validation metric, and correlation between the novel queries and air quality was assessed.
Overall, the wildfire and smoke query performed as expected. It alerted during events, showed elevated visits among adults, and visits were categorized into respiratory, injury, and other syndromes. The respiratory query is very broad, and validation results were mixed. It is recommended that this second query be used in combination with other queries during a wildfire event. 
In addition to the novel queries, this guide includes case studies illustrating how jurisdictions have used wildfire and smoke queries, reported on wildfire events, and disambiguated smoke-related from pandemic-related respiratory visits during concurrent disasters. Workgroup participants also provided insights on customizing queries for jurisdictional use, using air quality monitor data effectively, best practices for public health action, and trend analysis. 
[bookmark: _Toc68354391][bookmark: _Toc68354449][bookmark: _Toc68354953]Introduction 
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	A wildfire is a non-prescribed, non-structure fire that occurs in a wildland [1]: “Wildfires are unplanned and uncontrolled fires that originate in wildland areas but which sometimes spread to populated areas where they can consume not just natural but also human resources” [2]. From an ecosystem and forestry perspective, wildfires can be beneficial. They are often necessary to maintain healthy system function [3] and ensure sustained access to ecosystem services for nearby communities. However, in many circumstances, wildfires also pose a significant danger to communities and resources [3]. About 85% of wildfires start with human-caused ignitions (both intentional and unintentional), but 60% of the acres burned in recent years were naturally ignited by lightning [2]. “Wildfire season” varies by location and typically occurs when landcover is dry, humidity is low, and temperatures and wind are high [2].
In the past two decades, climate change (through increasing temperatures, drought, changes in timing and type of winter precipitation and snowmelt) has contributed to wildfire seasons that are getting longer and resulting in more acres burned [4]. In the future, these climate trends are projected to continue. In addition to climate change, future fire seasons will be influenced by human behavior (i.e., forestry management, prevention, and suppression efforts), topography, and plant growth leading to fuel accumulation [4]. As human development continues to encroach on wildlands creating the “wildland-urban interface,” human activity will be a primary driver of wildfire risk [2].
Wildfire response is complex and requires collaboration of agencies, including the U.S. Forest Service, other federal, tribal, state, and local entities [3]. According to the National Interagency Fire Center, in 2020, nearly 59,000 fires burned over 10,100,000 acres of land in the U.S. [5]. Wildfires have many costs that are increasing (i.e., response and suppression, property loss, community dissolution, loss of ecosystem services). Federal suppression efforts have averaged over $2 billion annually over the past five years [5]. 
	Wildfires pose both direct and indirect risks to public health: direct exposure to the fire, particularly for firefighters and other responders; the potential for chemical releases from destruction of industrial, commercial, and residential infrastructure; mental health impacts from evacuation and loss of life, community, natural areas, and property; and air pollution from combustion which can spread over large geographic areas [6]. While all of these can be significant, public health response during an active wildfire usually focuses on the threat posed by air pollution, primarily fine particulate matter (PM2.5) [6]. Exposure to elevated PM2.5 has short- and long-term health effects including premature death, acute cardiovascular and respiratory events, reduced respiratory function, and chronic disease exacerbation, and irritation [6]. Individuals in certain age groups and populations are more at risk for the effects of wildfire smoke [6] including: 
· Children because they inhale more air pound for pound compared to adults and they are more active outdoors,
· Older adults because of increased risk for underlying conditions and decreased immune system function, 
· People working and/or recreating outdoors because of increased exposure,
· People with underlying respiratory and/or cardiovascular conditions,
· Pregnant people because of physiologic changes and risk to fetal development, and
· People in marginalized and low-income communities because of reduced access to mitigation resources such as air conditioning or air filtration, higher baseline exposure to pollutants, and other pre-existing health disparities.
[bookmark: _Toc68354393][bookmark: _Toc68354451][bookmark: _Toc68354955]Syndromic Surveillance in Public Health Practice 
	Syndromic surveillance is the near-real-time collection of pre-diagnosis emergency department (ED) visit reports and other healthcare or health data that is used for quick analysis and detection of patterns and anomalies for public health response [7]. While originally developed for bio-terrorism threats, syndromic surveillance has also been used as an early warning system for disease outbreaks, natural disaster response, and emerging drug use trends [7]. The National Syndromic Surveillance Program (NSSP) facilitates collaboration among the Centers for Disease Control and Prevention (CDC), “other federal partners, local and state health departments, and academic and private sector partners” [7]. NSSP uses the BioSense Platform to collect electronic health data and Electronic Surveillance System for the Early Notification of Community-based Epidemics (ESSENCE) as the tool within that system. Other health departments use stand-alone deployments of ESSENCE or locally developed syndromic surveillance systems. Syndromic surveillance requires queries (also called syndrome definitions, syndromes, groupings, etc.) comprised of keywords, discharge diagnosis codes, and/or exclusions to identify records of interest [8]. While this guide should be applicable to most syndromic surveillance systems, it was developed for NSSP ESSENCE. 
The practice of using syndromic surveillance to monitor environmental health outcomes is still developing in many jurisdictions. Some have been using syndromic systems to provide actionable information during responses to natural disasters or to monitor climate- and weather-related health outcomes for several years. Previously, the Council of State and Territorial Epidemiologists (CSTE) convened workgroups to develop novel queries and guidance for heat-related illness [9] and cold-related illness [10] syndromic surveillance and a broader guide for on syndromic surveillance of climate-related health outcomes [11]. During the 2018 and 2019 wildfire seasons, CDC environmental health programs were asked by state and local partners for guidance on wildfire syndromic surveillance. Identifying the need, CDC partnered with CSTE and NSSP to develop this guidance. 
In 2020, CSTE’s Climate, Health, and Equity Subcommittee convened a workgroup of local, state, and federal syndromic surveillance practitioners and public health preparedness and environmental epidemiologists to 1) collate existing wildfire-related health outcome syndrome definitions; 2) review and summarize syndrome definition commonalities; 3) develop recommended novel wildfire-related syndrome definitions; and 4) develop guidance for jurisdictions to use when preparing for and responding to wildfire events.
[bookmark: _Toc68354394][bookmark: _Toc68354452][bookmark: _Toc68354956]Methods
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Count of Submitted Queries by Topic
· Wildfire and Smoke: 7
· Respiratory: 13
· Cardiovascular: 7
· Other: 5 


The workgroup members shared existing syndromic surveillance queries used during wildfire and smoke events. As of January 2021, five state and local health departments contributed their definitions (Figure 1). Draft definitions used by NSSP CDC staff were also shared. All jurisdictions had existing queries for “wildfire” and/or “smoke” as well as various queries for health-related outcomes (i.e., respiratory, cardiovascular, eye irritation). Several other types of queries for occupational groups (i.e., firefighters, responders) or other events related to wildfire events (i.e., evacuation) were shared. There was pre-existing collaboration between some participating jurisdictions, and several jurisdictions used similar definitions. Queries submitted by workgroup members fall into the following categories: Wildfire and smoke, respiratory, cardiovascular, and other.
The results of this categorization were presented to the workgroup. Refining and validating a wildfire and smoke query was a priority, and it was selected to move forward. Additionally, based on the experience and expertise of participants, the workgroup also decided to refine a respiratory query. The consensus was that while the scientific literature supports a correlation between cardiovascular events and poor air quality particularly with extended exposure, syndromic surveillance data had not consistently shown actionable trends during events. Participants indicated that while they may monitor some cardiovascular health outcomes, they primarily rely on a wildfire and smoke query and then a respiratory querie(s) when reporting to stakeholders during events. 
[bookmark: _Toc68354396][bookmark: _Toc68354454][bookmark: _Toc68354958]Compilation of Existing Syndrome Definitions
For submitted wildfire and smoke and respiratory queries, specific inclusion and exclusion terms were compiled. Words, phrases, or codes used in two or more definitions were added to a reference list of terms. Terms used by only one jurisdiction were evaluated and considered by the workgroup for inclusion/exclusion based on perceived utility. For the respiratory query, the literature was reviewed to confirm known associations between conditions and wildfire and smoke events [13,14]. The codes from existing queries were verified and supplemented with review of diagnostic coding guides. 
The workgroup decided to prioritize codes from International Classification of Diseases Tenth Revision Clinical Modification (ICD-10-CM). SNOMED-CT codes that were submitted were also retained. International Classification of Diseases Ninth Revision Clinical Modification (ICD-9-CM) codes, however, were not included in the resulting novel queries. The transition in the U.S. healthcare system from ICD-9-CM to ICD-10-CM occurred in October 2015. The workgroup concluded that retrospective analysis of syndromic data, when systems are continually evolving, would be a low priority for jurisdictions. In 2020, approximately 3% of all NSSP visit records included SNOMED-CT codes and approximately 2% included ICD-9-CM codes. 79% of all NSSP visit records included only ICD-10-CM codes, and 16% included none [12].
[bookmark: _Toc68354397][bookmark: _Toc68354455][bookmark: _Toc68354959]Case Study: Prior Wildfire Syndromic Surveillance Efforts Helped Focus Proposed Definition Scope
In the summer of 2019, a substantial wildfire called the “Swan Lake Fire” burned between Anchorage and Soldotna, Alaska. The fire burned with varying intensity for several months, impacting air quality on the Kenai peninsula and in Anchorage. Additionally, during August there was wildfire activity in the Willow area just north of Wasilla, Alaska, which also impacted the Anchorage area. To assess the impact of these fires a year of syndromic data [September 30, 2018 (week 40 start) - October 5, 2019 (week 40 end)] were studied, at the weekly level, to assess correlations between PM2.5 and ED visits for several potentially related health outcomes and indicators. Associations were observed visually at the regional level using the nearest air quality monitor. Elevated PM2.5 was recorded during the winter (last week of October to third week of January) and during weeks of high wildfire activity during the summer months (late June/early July). The clearest correlation was between a query looking for smoke-related keywords and PM2.5 in the South Central region (Figure 2). The asthma query showed correlation with PM2.5 during the winter but remained within the expected range. During summer fires, asthma visits were observed at higher than expected levels (i.e., ESSENCE alerts and warnings). Queries for COPD, broad respiratory visits, and broad cardiovascular visits did not appear correlated with fire-related increases in PM2.5. 

[bookmark: _Toc68355060]Figure 2. Wildfire Smoke Query and PM2.5, Alaska South Central Region, 2018-2019.
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Figure 2: Wildfire Smoke Query and PM2.5, Alaska South Central Region, 2018-2019. The blue line represents ED visits matching the wildfire smoke query, and the brown line represents PM2.5 observed at an air quality monitor. ESSENCE-generated warnings (yellow, p-value <=0.05) and alerts (red, p-value <= 0.1) are shown for both ED visits and air quality.
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The wildfire and smoke visit query is based on existing definitions from six jurisdictions (five state or local health departments plus NSSP). The query is comprised of alphanumeric inclusion codes from the diagnosis field; inclusion terms from the chief complaint field, sometimes with term-specific exclusions; and universal exclusion terms from the chief complaint field (Table 1). Both ICD-10-CM and SNOMED-CT diagnosis codes are included. Exclusion terms should be included in the query. 

[bookmark: _Toc68355053]Table 1. Inclusion and exclusion terms for the wildfire and smoke visit query
	Category
	Terms to Include in Query
	Status

	ICD-10-CM Diagnosis Codes
	J70.5
	Respiratory conditions due to smoke inhalation
	Included codes

	
	X08.8
	Exposure to other specified smoke, fire, and flames
	

	
	T59.81
	Toxic effect of smoke
	

	
	X01.1
	Exposure to smoke in uncontrolled fire, not in building or structure
	

	SNOMED-CT Diagnosis Codes
	423123007
	Smoke inhalation injury (disorder)
	

	Chief Complaint Search Terms
	"wildfire"
	Included term

	
	"wild fire"
	Included term

	
	"smoke " ANDNOT (" a smoke",or," to smoke",or,"alarm",or,"can smoke",or,"denies smoke",or,"detector",or,"did smoke",or,"does not smoke",or,"does smoke",or,"go and smoke",or,"go smoke",or,"he smoke",or,"husband smoke",or,"n_t smoke",or,"never smoke",or,"no smoke",or,"or smoke",or,"out and smoke",or,"outside and smoke",or,"secondhand",or,"second hand”,or,"smoke bomb",or,"smoke shop",or,"smoke week",or,"smoke[drs]",or,"smoke"a lot",or,"they smoke",or,"upstairs and smoke",or,"was smoking",or,"wife smoke",or,"without smoke",or,"blunt",or,"joint")
	Included term with specific exclusions

	
	"canab",or,"cannab",or,"cig",or,"crack",or,"her[io][oi]n",or," k2 ",or,"marij",or,!meth!,or,!pot!,or,"spice",or,"tobac",or,"weed"
	Drug-related universal exclusion terms

	
	"normal saline",or," on fire",or,"cooking",or,"kitchen",or," stove ",or " oven ",or,"motor [bc]",or,"motor[bc]",or,("motor vehicle",and,("collision",or,"accident",or,"crash"))
	Other universal exclusion terms


[bookmark: _Toc68354400][bookmark: _Toc68354458][bookmark: _Toc68354962]ESSENCE Syntax: Wildfire and Smoke Visits	
To facilitate use by jurisdictions with ESSENCE systems, below is an example of the query in ESSENCE syntax. This syntax includes formatting of diagnosis codes with and without decimals (i.e., periods) where applicable. Delimiters before diagnosis codes may be a semicolon (;), a slash (/), or a space. If the system uses different delimiters, adjustment will be needed.

(,^[;/ ]J70.5^,or,^[;/ ]J705^,or,^[;/ ]X08.8^,or,^[;/ ]X088^,or,^[;/ ]X01.1^,or,^[;/ ]X011^,or,^[;/ ]T59.81^,or,^[;/ ]T5981^,or,^[;/ ]423123007^,or,^wild fire^,or,^wildfire^,or,(,^smoke ^,andnot,(,^ a smoke^,or,^ to smoke^,or,^alarm^,or,^can smoke^,or,^denies smoke^,or,^detector^,or,^did smoke^,or,^does not smoke^,or,^does smoke^,or,^go and smoke^,or,^go smoke^,or,^he smoke^,or,^husband smoke^,or,^n_t smoke^,or,^never smoke^,or,^no smoke^,or,^or smoke^,or,^out and smoke^,or,^outside and smoke^,or,^secondhand^,or,^second hand^,or,^smoke bomb^,or,^smoke shop^,or,^smoke week^,or,^smoke[drs]^,or,^smoke^a lot^,or,^they smoke^,or,^upstairs and smoke^,or,^was smoking^,or,^wife smoke^,or,^without smoke^,or,^blunt^,or,^joint^,),),),andnot,(,^canab^,or,^cannab^,or,^cig^,or,^crack^,or,^her[io][oi]n^,or,^ k2 ^,or,^marij^,or,!meth!,or,!pot!,or,^spice^,or,^tobac^,or,^weed^,or,^normal saline^,or,^ on fire^,or,^cooking^,or,^kitchen^,or,^ stove ^,or,^ oven ^,or,^motor [bc]^,or,^motor[bc]^,or,(,^motor vehicle^,and,(,^collision^,or,^accident^,or,^crash^,),),)
	
[bookmark: _Toc68354401][bookmark: _Toc68354459][bookmark: _Toc68354963]Respiratory Visits of Interest During a Wildfire or Smoke Event
The respiratory visit query is based on existing definitions from three state or local health departments. Included respiratory outcomes are known to be associated with wildfire smoke exposure [13,14]. The query is comprised of alphanumeric inclusion codes from the diagnosis field; inclusion terms from the chief complaint field, sometimes with term-specific exclusions; and universal exclusion terms from the discharge diagnosis and chief complaint fields (Table 2). Only ICD-10-CM diagnosis codes are included. Exclusion terms should be included in the query. 
The respiratory topic was the one with the largest number of submitted queries. Many jurisdictions had used both board and narrow queries. This is a broad query comprised of specific respiratory conditions that are associated with wildfire and smoke events. Unlike many queries, it is organized by condition - diagnosis code(s) then search term(s) - so that users can customize the query by adding, removing, or separating conditions as they need. For more on this see Adjustment for Jurisdictional Use. 

[bookmark: _Toc68355054]Table 2. Inclusion and exclusion terms for the respiratory visit query
	Category
	Terms to Include in Query
	Status

	ICD-10-CM Diagnosis Codes
	J20
	Acute bronchitis
	Included code

	Chief Complaint Search Term
	"acute bronchitis"
	Included term

	ICD-10-CM Diagnosis Codes
	J43
	Emphysema
	Included code

	Chief Complaint Search Term
	"emphysema"
	Included term

	ICD-10-CM Diagnosis Codes
	J44
	Other chronic obstructive pulmonary disease
	Included code

	Chief Complaint Search Terms
	" COPD",or,"chronic obstructive airway disease",or,"chronic obstructive lung disease",or,"chronic obstructive pulmonary disease"
	Included terms

	ICD-10-CM Diagnosis Codes
	J45
	Asthma
	Included code

	Chief Complaint Search Terms
	"asthma",or,"bronchasthma",or," RAD ",or,"reactive airway disease"
	Included terms

	ICD-10-CM Diagnosis Codes
	J80
	Acute respiratory distress syndrome
	Included code

	Chief Complaint Search Terms
	"difficulty breath",or,"breathing problem",or,"chest tightness",or,"chronic cough"
	Included terms

	ICD-10-CM Diagnosis Codes
	R06.0
	Dyspnea
	Included codes

	
	R06.02
	Shortness of breath
	

	Chief Complaint Search Terms
	"dyspnea",or,"shortness of breath",or," SOB "
	Included terms

	Chief Complaint Search Terms
	"wheez" ANDNOT ("cough",or,"cold",or,"congestion")
	Included term with specific exclusions

	ICD-10-CM Diagnosis Codes
	R50.9
	Fever, unspecified
	Universal exclusion code

	Chief Complaint Search Terms
	febrile",or,"fever",or,"high temp"
	Universal exclusion term



[bookmark: _Toc68354402][bookmark: _Toc68354460][bookmark: _Toc68354964]ESSENCE Syntax: Respiratory Visits of Interest During a Wildfire or Smoke Event
To facilitate use by jurisdictions with ESSENCE systems, below is an example of the query in ESSENCE syntax. This syntax includes formatting of diagnosis codes with and without decimals (i.e., periods) where applicable. Delimiters before diagnosis codes may be a semicolon (;), a slash (/), or a space. If the system uses different delimiters, adjustment is needed.

(,^[;/ ]J20^,or,^acute bronchitis^,or,^[;/ ]J43^,or,^emphysema^,or,^[;/ ]J44^,or,^ COPD^,or,^chronic obstructive airway disease^,or,^chronic obstructive lung disease^,or,^chronic obstructive pulmonary disease^,or,^[;/ ]J45^,or,^asthma^,or,^bronchasthma^,or,^ RAD ^,or,^reactive airway disease^,or,^[;/ ]J80^,or,^difficulty breath^,or,^breathing problem^,or,^chest tightness^,or,^chronic cough^,or,^[;/ ]R06.0 ^,or,^[;/ ]R060 ^,or,^[;/ ]R06.02^,or,^[;/ ]R0602^,or,^dyspnea^,or,^shortness of breath^,or,^ SOB ^,or,(,^wheez^,andnot,(,^cough^,or,^cold^,or,^congestion^,),),andnot,(,^[;/ ]R50.9^,or,^[;/ ]R509^,or,^febrile^,or,^fever^,or,^high temp^,),)
[bookmark: _Toc68354403][bookmark: _Toc68354461][bookmark: _Toc68354965]Validation 
[bookmark: _Toc68354404][bookmark: _Toc68354462][bookmark: _Toc68354966]Process
There are a variety of methods available to validate syndromic surveillance queries [8,9,10,11]. Some methods are highly labor intensive, such as medical chart review [8,9]. Others may be prohibited by local syndromic data use agreements, such as matching syndromic records to final hospital discharge and ED data [8,9]. Review of syndromic data for internal consistency is a type of validation frequently done. For queries that are highly reliant on chief complaints (such as the wildfire and smoke query) one could do manual review, label each visit record probable, ruled out, or undetermined and calculate percent probable for each term(s) [8]. For queries that include equivalent chief complaint terms and discharge diagnosis codes, internal validation could involve calculating the percent positive value, sensitivity, and specificity of chief complaint terms compared to discharge diagnosis codes [9]. 
The study of wildfire and smoke presented another option for validation: correlation of query trends to air quality data, an external indicator of the severity of wildfire smoke in a particular location. As monitored air quality data are integrated into ESSENCE and often used during wildfire and smoke events, this method of external correlation was deemed preferable by CDC experts advising on this project. Workgroup members were asked to volunteer to validate the novel queries. Validators were provided a template for reporting results (see Appendix A: Validation Template) and longer guide with more details on the process (see Appendix B: Validation Guide). The template and the guide are specific to this project, but the concept of providing specific required and optional steps and collecting feedback systematically could be used in the future to standardize the validation process for other queries. Results from four states were reported during the project period. Additionally, NSSP partners ran one iteration of their internal text mining report to provide additional insights on the query performance at a national scale (see NSSP Text Mining Reports). 
[bookmark: _Toc68354405][bookmark: _Toc68354463][bookmark: _Toc68354967]Results
The wildfire and smoke query performed as expected for both large and small areas and populations. During known wildfire events, there were statistically significant increases in visits above what would be expected, which tended to quickly rise over several days at the start of the event, plateau, and then decrease quickly. Outside of wildfire season, there were few visits and few days or weeks where visits were statistically higher than expected. During known wildfire events, more visits than expected occurred among adults aged 18-44 and 44-64. These adults are most likely to continue recreating and working outdoors during smoke events. When looking at the visits by ESSENCE syndrome, the visits were grouped into the respiratory, injury, and sometimes the other categories, which aligns with the scientific literature and with expectations. This query was correlated with monitored PM2.5 from a station near the fire or with the jurisdiction-wide maximum daily PM2.5 in cases where the entire jurisdiction was impacted. 
Feedback from validators resulted in improvements to the wildfire and smoke query. The “ash” inclusion term and exclusions were removed from the query, as this section was of little value to the validating jurisdictions. This syntax, however, was retained as option in the Customizing the Novel Query for Wildfire and Smoke Visits section. Several additional exclusion terms were added including “secondhand” to the “smoke” term and additional general kitchen exclusions of “stove” and “oven.”
The respiratory query is very broad. Some jurisdictions observed clear trends during wildfire events, and some did not. On some days there were statistically significant increases in visits during wildfire events, but overall, the trend was not well correlated with PM2.5. Validators noted the sheer volume of visits matching this query and hypothesized that the increase in visits related to the wildfire was not detectable given the broad nature of the query. Workgroup members suggesting pairing this query with more specific respiratory queries to be more actionable, see more in the How to Use Queries for Public Health Action section, and combining both novel queries together, see more in the Customizing the Novel Query for Respiratory Visits of Interest During a Wildfire or Smoke Event section.
[bookmark: _Toc68354406][bookmark: _Toc68354464][bookmark: _Toc68354968]Limitations
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	The workgroup was formed in October 2020 and met monthly between November 2020 and May 2021. Members of the workgroup were federal, state, and local syndromic surveillance practitioners and public health preparedness and environmental epidemiologists. Most, if not all, of the members were responding to the COVID-19 pandemic during the project period. Several also responded to concurrent natural disasters. There was active participation by members, and monthly webinars had at least 10 participants. However, the circumstances likely limited participation by some potential members. Requests made of participating members were intentionally as specific and limited as possible due to the known competing demands on time and resources.
[bookmark: _Toc68354408][bookmark: _Toc68354466][bookmark: _Toc68354970]Data Source Considerations
The novel definitions presented here were validated using ED visit data. ESSENCE users used the CC/DD field. All previously existing queries contributed to this project were developed and used with ED visit data. Some participating jurisdictions also developed and used previously existing queries with urgent care and other data sources. Workgroup members were aware that other data sources could be used for wildfire and smoke surveillance in the future, particularly EMS or 911 call data. While it is unknown how many jurisdictions have this data source integrated into their syndromic surveillance systems, less than 1% of all recent NSSP visits have mentions of “EMS” or “911” in the CC/DD field at the time of this report [15]. If these queries are used other data sources, the user should be aware that they were not tested or validated on such data sources.  
[bookmark: _Toc68354409][bookmark: _Toc68354467][bookmark: _Toc68354971]Geographic Considerations
[bookmark: _Adjustment_for_Jurisdictional]	While wildfires are a hazard in much of the U.S., they are most common, severe, and impactful in Western states. Consequently, the majority of the public health wildfire surveillance experience and expertise is concentrated in Western jurisdictions. The federal, state, and local syndromic surveillance practitioners and public health preparedness and environmental epidemiologists who were invited and who joined the workgroup for this project were as geographically diverse as possible, but jurisdictions with pre-existing queries that were shared and which validated the novel queries were concentrated on the Pacific Coast. The rest were from the South East. While the novel queries presented here are intended to be generally applicable, syndromic surveillance practitioners in other regions should consider local conditions and unique features of wildfire events or seasons when using these novel queries and should be mindful that modifications may yield more actionable results. 
[bookmark: _Adjustment_for_Jurisdictional_1][bookmark: _Toc68354410][bookmark: _Toc68354468][bookmark: _Toc68354972]Adjustment for Jurisdictional Use
[bookmark: _Customizing_the_Novel_1][bookmark: _Toc68354411][bookmark: _Toc68354469][bookmark: _Toc68354973]Customizing the Novel Query for Wildfire and Smoke Visits
	One jurisdiction included “ash” and “air pollution” terms in their preexisting wildfire and smoke query. These terms were unique. The workgroup decided that “air pollution” was outside the scope of the project and that patients may make references using colloquial terms such as “haze” or “bad air.” The workgroup moved forward validating a wildfire and smoke query that included the “ash” terms. However, after some validators reported only a few, unrelated cases being identified with the “ash” terms, they were removed from the novel query. Both options are provided here (Table 3), however, as examples of how a jurisdiction might customize the wildfire and smoke query based on local conditions or hazards associated with wildfire and smoke events.
[bookmark: _Toc68355055]
Table 3. Potential inclusion and exclusion terms for the wildfire and smoke visit query
	Category
	Terms to Include in Query
	Status

	Chief Complaint Search Terms
	" ash" ANDNOT ("dr ash",or,"pcp ash",or,"ash wed",or,"ash cath",or,”tray”)
	Included term with example exclusion

	
	"air pollut"
	Included term



[bookmark: _Customizing_the_Novel][bookmark: _Toc68354412][bookmark: _Toc68354470][bookmark: _Toc68354974]Customizing the Novel Query for Respiratory Visits of Interest During a Wildfire or Smoke Event
	The respiratory query presented here is broad. It did not strongly correlate with air quality nor alert to more visits than statistically expected during known wildfire events in all jurisdictions during the validation process. The novel query is intentionally organized by condition - diagnosis code(s) then search term(s) - so that users can customize the query by adding, removing, or separating conditions as they need. For example, one could use this novel query in combination with other locally- or community- developed respiratory queries or subsyndromes. One could separate out the conditions in order to monitor asthma, acute bronchitis, and COPD visits separately using the included terms and codes with the universal exclusions for each. Finally, one could combine both novel queries together to most clearly identify wildfire-related respiratory visits. 
[bookmark: _Toc68354413][bookmark: _Toc68354471][bookmark: _Toc68354975]Using Air Quality Monitor Data Effectively
The air quality data source in ESSENCE includes monitored observations. Of the available metrics, the 24-hour average of PM2.5 is most relevant or wildfire and smoke events [6]. This pollutant is inhalable particles, 2.5 microns or less in diameter, which often result from the combustion of organic material including fossil fuels and smoke from wildfires [6]. The data in ESSENCE comes from the Environmental Protection Agency’s Air Now program. Monitors are placed for regulatory purposes, not for public health surveillance, and may not always be conveniently located. Additionally, ESSENCE users do not have direct control over this data source and outages or data errors are not directly correctable. 
Selecting an air quality monitor for a wildfire surveillance can be difficult. If an entire jurisdiction is experiencing a smoke event, one may choose the state or county aggregation function in ESSENCE to get the daily maximum PM2.5 for the duration of the event over the entire area. One can also select specific monitors. It is advisable to select the monitor located closest to the population of concern rather than closest to the fire. When working with stakeholders and reporting syndromic surveillance findings, one may wish to incorporate air quality reporting from other sources, including the Air Quality Index levels being reported by local officials. 
[bookmark: _Toc68354414][bookmark: _Toc68354472][bookmark: _Toc68354976]Recommended Next Steps
[bookmark: _NSSP_Text_Mining][bookmark: _Toc68354415][bookmark: _Toc68354473][bookmark: _Toc68354977]NSSP Text Mining Reports
The NSSP created internal Text Mining Reports using the Chief Complaint Query Validation (CCQV) data source in NSSP-ESSENCE. This large dataset was created for the purpose of testing and validating new queries and includes the chief complaint and discharge diagnosis fields but does not include facility or any patient demographic information. Some sites have opted out of contributing their data to the CCQV data source. During the validation process, a text mining report was run for both novel queries (Figure 3). These reports provided valuable information about the performance of the queries at the national and regional level. Additional iterations and text mining could be done to further refine these and future novel queries. 
[bookmark: _Toc68355061]Figure 3. Chief complaint term co-occurrence network graph for wildfire and smoke visit query from NSSP Text Mining Report
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Figure 3. Chief complaint term co-occurrence network graph for wildfire and smoke visit query from NSSP Text Mining Report. Thick line between “smoke” and “inhalation” indicates high occurrence and association of these terms. Colored groupings indicate term clusters; for example, red terms are related to burns and burn locations.
[bookmark: _Toc68354416][bookmark: _Toc68354474][bookmark: _Toc68354978]NSSP Syndrome Definition Subcommittee
The NSSP Community of Practice (CoP) connects syndromic surveillance users to further practice and to foster collaboration [16]. Members engage in work through topic-specific subcommittees. “The Syndrome Definition Subcommittee creates, evaluates, and refines syndrome definitions, links users with similar syndrome definition needs, and documents these processes. Acting as a collaboration resource, the group shares and discusses syndrome definition creation best practices” [17]. This group hosts monthly calls (presently on the 1st Wednesday of the month from 1:00-2:00pm ET) that are open to NSSP CoP members. This subcommittee is a forum for further validation and adoption of new queries. New queries can be shared via the Knowledge Repository (https://knowledgerepository.syndromicsurveillance.org) and can, with Subcommittee approval, can be incorporated into NSSP ESSENCE as CC/DD Categories. For more information contact syndromic@cste.org. 
[bookmark: _Toc68354417][bookmark: _Toc68354475][bookmark: _Toc68354979]Best Practices 
[bookmark: _How_to_Use][bookmark: _Toc68354418][bookmark: _Toc68354476][bookmark: _Toc68354980]How to Use Queries for Public Health Action 
	Workgroup members strongly recommended preparing a wildfire dashboard or MyESSENCE tab in advance of wildfire season [18]. Collecting the core wildfire and smoke querie(s) with health outcome queries and demographics of interest can provide a baseline for reporting during fire and smoke events. Possible queries to include: Novel query for wildfire and smoke visits, novel query for respiratory visits of interest during a wildfire or smoke event, other respiratory queries, cardiovascular queries[footnoteRef:2], disaster mental health CC/DD category [19], occupational queries, visits by age group, and PM2.5 separately and/or as an overlay on other queries. If the user works at a state health department, the dashboard can be shared with others at the agency or customized and shared with local health departments. [2:  Workgroup members reported that they are frequently asked to monitor cardiovascular outcomes during wildfire and smoke events, but because of the short-term nature of many exposure events and the nature of syndromic surveillance, significant increases in visits are rarely seen. ] 

	Establishing a plan for syndromic surveillance also facilitates collaboration with key partners. Depending on department organization, there may be internal stakeholders, such as risk communication experts, a preparedness and response incident command team, or environmental health staff. There also may be external stakeholders at other state or local agencies. These partners may not be syndromic surveillance users, but they may have input on reporting parameters including types of queries, geography, and time scale for reports. Educating partners about the strengths of limitations of syndromic surveillance, in general and for wildfire surveillance, is best done before an event.
[bookmark: _Toc68354419][bookmark: _Toc68354477][bookmark: _Toc68354981]Case Study: Repurposing Exiting Syndromic Surveillance Report to Summarize Wildfire Season	Comment by Microsoft Office User: @Kelly, please approve the use of this case study.
The Oregon ESSENCE team at the Oregon Health Authority reposed an existing report template from ESSENCE to summarize wildfire impacts from the 2020 fire season. During normal operations, Oregon ESSENCE publishes regular reports on seasonal hazards, such as heat-related illness visits during the summer and carbon monoxide exposure visits during the winter. The team initially invested the time to set up a report template using the report feature within ESSENCE and modify the specific queries and supporting text at the beginning of each season. Weekly time series graphs show state-wide trends, and queries are described and shared so that that local health departments can replicate them as needed for their jurisdictions. The report is distributed via a network of subscribers and the most recent one is posted on their website. 
While the response to the COVID-19 pandemic precluded regular reporting on other hazards, at the end of September 2020, a report was published using a template that was customized with a summary of the wildfire season, information on climate change and wildfire in the state, and links to resources on risk communication, air quality monitoring, and current conditions. Findings were placed in context of all ED and asthma-related visits, which had remained at normal levels all season. Wildfire-related visits (Figure 4) started being higher than expected in early August, and smoke-related visits (Figure 5) rose during early September. Visits for both wildfire and smoke-related complaints peaked during the week ending on September 19 (week 2020-38). Unlike many other jurisdictions, Oregon queries for these terms separately, and this report highlights that wildfire terms alone may be a leading indicator, at least in that state.

[bookmark: _Toc68355062]Figure 4. Wildfire-related ED visits, Oregon, 2020.
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Figure 4. Wildfire-related ED visits, Oregon, 2020. This query looks for mentions of wildfire. The visit counts are shown by the blue line. ESSENCE-generated alerts (red, p-value <= 0.1) are shown.

[bookmark: _Toc68355063]Figure 5. Smoke-related ED visits, Oregon, 2020.
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Figure 5. Smoke-related ED visits, Oregon, 2020. This query looks for mentions of smoke. The visit counts are shown by the blue line. ESSENCE-generated alerts (red, p-value <= 0.1) are shown.
[bookmark: _Toc68354420][bookmark: _Toc68354478][bookmark: _Toc68354982]Trend Analysis
	Reviewing past years of data is a critical exercise. In addition to testing queries in local systems, one can assess which querie(s) detected anomalies soonest, which trend together, and which correlate best with PM2.5 observations. Such information is necessary before a wildfire response. Note that the novel queries presented here use ICD-10-CM codes, which were implemented in the U.S. healthcare system starting October 2015.
[bookmark: _Toc68354421][bookmark: _Toc68354479][bookmark: _Toc68354983]Understanding Visits Related to Wildfire and Smoke Events
To fully understand syndromic surveillance data, at least limited manual review of visit details is critical to identify cases truly matching the intent of the query, not just the definition. The balance between sensitivity and specificity is challenging [8], and unless a query is very narrow, there will always be visits that are captured by a definition which are not applicable. Assessing the change in magnitude of visit counts (i.e., statistically significant increases in visits above expected levels), percentage of visits, and/or categories of visits provide insight into the number and types of visits associate with an event. Customizing and refining a query in response to changing conditions and regular review is important. 
[bookmark: _Toc68354422][bookmark: _Toc68354480][bookmark: _Toc68354984]Case Study: Disambiguating Visits During a Pandemic
The 2020 wildfire season was an unprecedented year that brought degraded air quality across Washington State for a sustained period. Air quality levels dropped to very unhealthy or hazardous for all Washingtonians. Syndromic surveillance data was used to monitor healthcare facilities for increased respiratory visits attributed to wildfires and the resulting air quality. 
Respiratory visits were elevated across the state in EDs, hospital admissions, and urgent care clinics, corresponding with peak PM2.5 levels. These visits were most noticeable among the 18-44 (especially in urgent cares), 45-64, and 65+ age groups. To delineate between COVID-19 and air quality respiratory visits, we negated the COVID-like illness (CLI) syndrome from our respiratory query (essentially removing all visits with fever or a COVID diagnosis), and we saw the same pattern in respiratory visits, indicating COVID-19 cases were not being captured. In addition, the sustained elevated visits we saw also aligned with the smoke event.
 	An existing wildfire smoke query was enhanced to identify visits to EDs, primary care, and urgent care facilities with a clinical diagnosis indicating smoke exposure/inhalation. In addition to free text terms, the discharge diagnosis included ICD-10-CM codes for smoke exposure, toxicity, and inhalation (J70.5, T59.81, X01.1, and X08.8). The query was validated using a text analysis tool developed by staff with the National Syndromic Surveillance Program and a manual review of syndromic surveillance records. This query picked up relatively few visits outside of wildfire season and was significantly elevated during the smoke event, indicating an effective query definition for monitoring smoke exposure healthcare visits during a wildfire event. We found visits were elevated during the two-week smoke event and were similar across health care facility types, across the state, and across age groups. 
Washington will continue efforts to improve wildfire smoke surveillance tools for the upcoming 2021 season, including building smoke-related cardiovascular queries in partnership with chronic disease specialists.
[bookmark: _Toc68354423][bookmark: _Toc68354481][bookmark: _Toc68354985]Conclusion
	Syndromic surveillance is a powerful tool for public health response to wildfire and smoke events. While wildfires have many impacts on communities, during events public health response most often focuses on the effects of air pollution (PM2.5) resulting from wildfire smoke. Health outcomes of interest include worsened respiratory and cardiovascular disease and increased acute events. Because of the need and request for guidance, the CSTE Wildfire and Smoke Syndromic Surveillance Workgroup developed and validated two novel queries: wildfire and smoke visits and respiratory visits of interest during a wildfire or smoke event. The wildfire and smoke query performed as expected, and results were mixed for the broad respiratory query. These queries can be used in conjunction with other queries and air quality data to detect, understand, and monitor health events and to support public health action. Retrospective trend analysis can provide insights and inform modification of queries. Best practices include setting up a syndromic surveillance dashboard and communicating with partners and stakeholders before wildfire season. 
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CSTE Wildfire SyS Workgroup Query Validation Template

Results Due Friday March 5, 2021

Process Outline

Step 1: Time Series Visualization [1]
· Document: Wildfire Season/Year
· Brief description
· Time period (can be a whole calendar year, a fire season, or other time period)
· Geography (jurisdiction-wide and region(s) impacted)
· Query: wildfire/smoke (in CC/DD field, if other, specify)
· Time series visualization (review data details, save data table)
· Summary statistics (reporting facilities, top words)
· Optional: Stratify by age group (explore interactive view)
· Optional: Stratify by syndrome (explore interactive view)
· Document observations (from data details, summary statistics, review of stratification results, etc.)
· Query: respiratory (in CC/DD field, if other, specify)
· Time series visualization (review data details, save data table)
· Summary statistics (reporting facilities, top words)
· Optional: Stratify by age group (explore interactive view)
· Optional: Stratify by syndrome (explore 
· Document observations (from data details, summary statistics, review of stratification results, etc.)
Step 2: Compare to AQ [2]
· Document: Wildfire Season/Year/Event
· Brief description
· Time period (can be a whole calendar year, a fire season, a specific event, or other time period)
· Geography (limit to region(s) impacted and nearest AQ monitor)
· Query: wildfire/smoke
· Time series visualization with PM2.5 overlay (save data tables for query and AQ)
· Document observations, include correlation
· Query: respiratory
· Time series visualization with PM2.5 overlay (save data tables for query and AQ)
· Document observations, include correlation
Step 3: Compare Queries to Each Other
· Document: Wildfire Season/Year (probably the same as Step 1)
· Query: wildfire/smoke AND respiratory together
· Time series visualization (save data tables for queries)
· Document observations, include correlation

Step 4: Document Final Thoughts
· Wildfire/smoke
· Recommended changes to proposed query
· Overall opinion of utility
· Questions or concerns for workgroup
· Respiratory
· Recommended changes to proposed query
· Overall opinion of utility
· Questions or concerns for workgroup
Step 5: Submit Findings 
· Document validation using this template and guide.
· Note: If you inserted images into this word document, you may need to PDF the file to make it small enough to email back. 
· If allowed, save data tables with observed and expected counts for two proposed queries and AQ data for time period and geographies tested - please label intuitively.
· Submit validation template and data tables to Meredith (mph.jagger@use.startmail.com) by Friday March 5, 2021.


Validation References
1. Developing, Evaluating, and Dissemination Definitions for Syndromic Surveillance in Public Health Practice: A Guidance Document, January 2019
2. Heat-related Illness Syndrome Query: A Guidance Document for Implementing Heat-Related Illness Syndromic Surveillance in Public Health Practice
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