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Allergy Etiology & Improving
Epidemiology Management
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MAST CELL

o ETIOLOGY& 4
EPIDEMIOLOGY

Image available here

Disease origins and distribution
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Pollen Allergy Epidemiology W

> Substantial disease burden globally

— Allergic rhinitis (AR) prevalence estimated 10-30%
— Allergic asthma estimated at 5-10%

> |In US, prevalence estimated at 13% in children and 14%
in adults (Meltzer, 2009)

— AR responsible for 3.5m lost work days and 2m lost schooldays
per year (Nathan 2007)

— Decreased health-related quality of life by 25% (Avarro et al.
2007)

— Estimated $2-5b costs in US in 2003 (Reed et al. 2004); inflation
adjusted S4-7b in SUS2018

UNIVERSITY of WASHINGTON CHanG
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Allergic Disease

> Allergies immune mediated, driven &‘;"Z‘:i o L L.
by immune memory (IgkE antibodies) ;-.,,E Slhrgrsush fe
> Multiple exposures drive allergic ? * .arge:::J:;i'f“i‘:::eed

lasma IgE antibody.

disease development and flares

These IgE molecules
attach themselves to mast
cells.

> Generally not life threatening but
makes people miserable

The second time that
person has a brush with
ragweed,

> Range of therapies
— Exposure avoidance

the IgE primed mast cells
release granules and powerful
chemical mediators, such as
°® histamine and cytokines, into
the environment.

B 0 @1

o
L]

4—9°

— Symptom reduction

These chemical mediators
cause the characteristic
symptoms of allergy.

— Immune modulation

@
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Sensitization by Age and Exposure

100
. Positive percent of
90 6-7-year-old children Pollen 56 children
80 —
Russian thistle 68%
I Most common weeds Pigweed 61%
= I = Sagebrush 49%
) H— e
£ Saltgrass 58%
| R = Timothy 48%
Most common grasses
H— — - Bermuda 45%
. Johnson 45%
P — — Willow 39%
Most common trees Sweet gum 32%
Age 2-3 Age 4-5 Age 6-7  Age 8 and above Mulberry 36%
B at least one weed Prevalence IgE sensitization among
M at least one grass children with allergic rhinitis Prevalent allergens in the Great Basin

at least one tree

UNIVERSITY of WASHINGTON Wong et al. 2012
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Pollen Types and Seasons

ALLERGENS v
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Southwest

Grasses

Grasses

Weeds

Nowak-Wegrzyn A.
Up To Date, 2017
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Pollen and Health - Methods W

> Retrospective analysis of associations between tree, weed,
and grass pollen and several morbidity measures in the
continental US, controlling for particulate air pollution, ozone,
and influenza-like illness

> Set season start at cumulative count of 50 grains/m?3 unless
mean seasonal total count £2,000 grains, then 2.5%

> Metropolitan Statistical Area (MSA) linked with NAB stations,
county PM, : and O, weekly CDC ILI prevalence

> GEEs used to estimate daily counts

UNIVERSITY of WASHINGTON c H = G
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RR Prescription Med Refill High Pollen Days

Location Tree pollen Grass pollen Weed pollen
Overall (random effect) —- - —
Atlanta, GA —— — ——
Austin, TX — — ——
Baltimore, MD —— —— ——
Chicago, IL — —— —
CollegeStation, TX —e— —— —
ColoradoSprings, CO —— —— E—
Dayton, OH — — e
Erie, PA —_——— R — e
Eugene, OR — ——— ——
Greenville, SC — — —
Houston, TX —— —— —
KansasCity, MO —— —— e
Louisville, KY —— e e
Madison, WI —_— e e ———
Minneapolis, MN — — ——
OklahomaCity, OK —— e .
Omaha, NE — — —_———
Rochester, NY - ——— ——
SaintLouis, MO e — .
Salt Lake City, UT e -— ——
SanAntonio, TX Lo el [
SanJose, CA . S — e
Seattle, WA e e e
Springfield, MO — e e e
Tulsa, OK e e e
Waco, TX e e e
Washington, DC e e .
Waterbury, CT e e N B
York, PA e e e

' ' ' ' ' ' ' ' ' ' ' '

0.8 1.0 12 14 0.8 1.0 12 14 0.8 1.0 1 1.4
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RR Prescription Med Refill High Tree Pollen
Days

Location 0-17 years age group 18-64 years age group
Overall (random effect) —— .
Atlanta, GA —— ——
Austin, TX —— —-
Baltimore, MD —_— ——
Chicago. IL —_—— —
CollegeStation, TX —_—— —
ColoradoSprings, CO —_———— ——
Dayton, OH [ — e
Erie, PA —_———————————— —_——
Eugene, OR ———
Greenville, SC — —
Houston, TX — —.—
KansasCity, MO ——— —
Louisville, KY — ——
Madison, WI —
Minneapolis, MN e ———
OklahomacCity, OK e | o
Omaha, NE R ———
Rochester, NY .
SaintLouis, MO - e
Salt Lake City, UT P — —_—
SanAntonio, TX " .
SanJose, CA e e
Seattle, WA e
Springfield, MO
Tulsa, OK e
Waco, TX _ .
Washington, DC e
Waterbury, CT e
York, PA
09 12 15 18 09 12 15 18

UNIVERSITY of WASHINGTON Saha et al. in preparation CHanGE
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An Increasingly Common Picture
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Warming and Plant Hardiness

1990 Map

Zone Change
-, 2

m o+ <4
71 no change ::v'
m -
m
Zone
[ B N N EEE N B
3 4 5 6 7 8 9 10

© 2006 by The National Arboe Day Foundation®

UNIVERSITY of WASHINGTON
SCHOOL OF PUBLIC HEALTH




Warming and Allergic Plant Suitability'wl

Allergen Hotspots

States with a risk of
large increases in
allergenic tree pollen:
Arkansas

lowa

Maine

Minnesota

New Hampshire

New York
Pennsylvania
Vermont

West Virginia

States with a risk of
moderate increases in
allergenic tree pollen:
Connecticut

lllinois

Kentucky
Massachusetts
Mississippi

Tennessee

Wisconsin

UNIVERSITY of WASHINGTON
SCHOOL OF PUBLIC HEALTH Asthma and AIIergy Foundation 2010 CHanGE

Center for Health and the Global Environment
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CO, and Warming Double Whammy w

‘ +24 days

+25 days
+21 days
+18 days
+15 days
‘+15 days
+15 days
+25 days
+11days
+6 days .
Chan length
of poll ason
@ Decrease @ Increase ® -1day
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Number of weed pollens (/m?)
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Sensitization and Pollen Levels
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Annual weed pollen counts from 1997 to 2009 in Seoul. Annual sensitization rates to weed pollen allergens according to age.
Weed pollen included ragweed, Japanese hop and mugwort. Weed pollen included ragweed, Japanese hop and mugwort.

Kim et al. 2011
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Take-Home Findings W

> Widespread, significant disease burden
> |ncreasing with socioeconomic development

> Pollen exposure is a strong driver of incidence

> Increases in temperature and CO, will very likely
increase allergic disease burden

UNIVERSITY of WASHINGTON c H = G
SCHOOL OF PUBLICHEALTH  Gnernathmiecoiy vonment
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MANAGEMENT

Image available here

What to do, and not do, for pollen allergies



https://www.google.com/url%3Fsa=i&url=https%253A%252F%252Fvaaju.com%252Fturkeyeng%252Fwhat-is-pollen-allergy-pollen-allergy-symptoms-and-treatment-pol%252F&psig=AOvVaw3tlCvY7MvrRPUKySWTLgh1&ust=1583910746585000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMCwpMWtj-gCFQAAAAAdAAAAABAE
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Allergic Disease Management

P ; i /‘é> /

Medication Exposure Immune Therapy

Reduction

L
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Symptoms and Pollen Counts
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Pollen Types and Seasons

ALLERGENS v
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Southwest

Grasses

Grasses

Weeds
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Up To Date, 2017
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NAB Data

Start Date: London ON

=@-Mulberry
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Dec 01 - -.-Maple -
=@-Ragweed
L == 0ak _
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Aug 01 + 5
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10t 2016 : Jun 01 + f

103F
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IOIA
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Pollen concentration (grain/ms3)

1 1 1 1 1 1 1
US Army Centralized Allergen Extract Lab, Silver Spring, MD 2003 2005 2007 2009 2011 2013 2015 2017

Lo et al. 2019
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Pollen Calendar NAB Data

Total Pollen Count 2003-2016
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AIIergenic Weeds
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by latitude
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Allergenic Grass
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Site-specific Exposures - Seattle

. Pollen Concentration
Pollen Taxa, % abundance (a) Seattle, WA 2003-2017 (grains/m?)
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1000

Cypress, 37.2%

Alder, 28.8% 100

Birch, 11.0% Ash
Pine, 6.8% 10
Poplar, 5.1% Birch
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Seattle WA: Percent of total API
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Start Date, Season Duration, Latitude
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® FORECASTING

Image available here

Building better forecasts


https://www.google.com/url%3Fsa=i&url=https%253A%252F%252Fwww.westernslopenow.com%252Fnews%252Fpollen-forecast_20190320173327%252F1863806281&psig=AOvVaw3k8gt3SaOUTP2mAvDELWqu&ust=1583912736769000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCID93_y0j-gCFQAAAAAdAAAAABAJ
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Forecast Model Goals

> Develop model(s) that:

— Work for all three major types (trees, weeds, grasses) and
for specific taxa

— Work across wide range of geographies

— Capture start date a week in advance

— Capture high counts several days in advance
— Capture season end for ragweed

> Accurately support the decisions patients, clinicians,

and others need to make

UNIVERSITY of WASHINGTON
SCHOOL OF PUBLIC HEALTH




Factors Associated with Pollen in the Air

— Temperature
— Humidity

— Solar radiation
— Wind speed

Seattle, 19 March 2019
75F, very dry, high winds
UNIVERSITY of WASHINGTON Courtesy of Jeff Baars, UW Atmospheric Science
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Factors Associated with Pollen Overall

1. Meteorology 2. Vegetation 3. Geography 4. Pollen

Land Surface Temperature (daytime) Vegetation Index (NDVI)
°C
[ (|
-25 10 45 0.1 0.4 0.9
March 2000
UNIVERSITY of WASHINGTON CHanG

SCHOOL OF PUBLICHEALTH  comterfortaatthan d theGlobalEnvironment

b .
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Model Development

> Machine learning random forest decision tree model

> Ensemble of decision trees to build predictive model

> Computationally efficient, captures nonlinear relationships
> Example: Predicting rainfall for a specific season

r'y | " 1 '
5 i
Spring ': Summer :IMonsoon: Winter ': Is month < 62
1 1 : 1
: : 1 : Yes No
1 1 ! 1
1 1 ! 1
1 1 I 1
: o :
- ! ! i : Is month < 3? Is month > 9?
©
c l : | |
© 1 1 ! 1 Yes No Yes No
< 1 e £ 1
: 110 :‘ ......... e .I II
: e ! :
& , g 80 ™ i
oy LS — ! ! '. 50 30 80 110
30: ....................... : : :
1 3 6 9 12
Month
UNIVERSITY of WASHINGTON c H a n G E
SCHOOL OF pU BLIC H EALTH Center for Health and the Global Environmen

t
UNIVERSITY of WASHINGTON | SCHOOL OF PUBLIC HEALTH



NAB Data

Start Date: London ON
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US Army Centralized Allergen Extract Lab, Silver Spring, MD 2005 2007 2009 2011 2013 2015 2017

Lo et al. 2019
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Pollen concentration (grains/m3)

Atlanta — Quercus - Oak
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Atlanta 2017: Quercus
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Kansas City — Ambrosia - Ragweed

KansasCity 2017: Ambrosia
I I
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Flower Mound — Cupressaceae - Cedar

FlowerMound 2016-2017: Cupressaceae
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Eugene — Gramineae / Poaceae - Grass

Eugene 2017: Gramineae / Poaceae
\
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Role of Regional Data

60 Atlanta Oak 35 KansasCity Ragweed
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Observed

Accuracy — Atlanta - 1, 2, and 3 days

Atlanta Quercus P7 lday forecast, 96.3%

Atlanta Quercus P7 2day forecast, 93.5%
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Atlanta Quercus P7 3day forecast, 94.8%
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Mean average error Atlanta pollen season start date 14 day forecast: 4.7 days
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Daily Oak Pollen Concentration

01 Mar 2009




Next Steps

> Refine models for each taxon
> Develop regional models

— Produce hindcast gridded estimates

— Produce climate change projections
> Link with health damage functions
> Incorporate weather forecast data
> Bring forecast products online

UNIVERSITY of WASHINGTON c H = G
SCHOOL OF PUBLICHEALTH  Gnernathmiecoiy vonment
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Thank You!
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