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Goals for Today...

* Describe the basic characteristics of Harmful Algal Blooms and identify the
primary routes of exposure to harmful algal toxins.

* Explain the mechanisms by which Harmful Algal Blooms toxins affect
human health

* Discuss the symptoms and health effects associated with exposure to
Harmful Algal Blooms .

* Discuss evidence-based medicine approaches to recognizing and reporting
Harmful Algal Bloom Exposures

* Analyze recent research findings on the health impacts of Harmful Algal
Blooms and their implications for human health.

* Discuss ongoing efforts to improve public health related to Harmful Algal
Bloom exposures



Why do we care about Harmful Algal Blooms
(HAB’s)?



Toledo Water Crisis, August 2014
| |

Algal toxin in treated Toledo water
exceeded 1.0 ug/L limit
recommended by the WHO

‘Do not drink’ advisory Aug 2-4

500,000 residents temporarily without
potable water

Toledo

WARNINGS

Don'tdrink water
Don't let children bathe
Boiling water increases toxins




Harmful Algal Blooms Are On The Rise
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https://www.greatlakesoutreach.com/

Annual HAB Size: 2002-17
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HAB Dynamics Throughout the Year
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Clinical Take Home Message 1:

BT ko

HAB’s are becoming more complex and persistent

(in some cases year-round), prolonging the window
of exposure and the number of toxins to which our
community may be exposed.



What are the major routes of exposure and target

organs for common
Harmful Algal Bloom (HAB) toxins?



Common Routes of HAB Toxin Exposure in Humans

Ingestion

Consumption of

contaminated food, water
and supplements

Inhalation

© ©
@e

Breathing in aerosols
generated from water
containing HAB toxins

Dermal contact

Skin contact through
recreational activities
such as swimming



HAB Toxins and Target Organs

Some HAB toxins can cross the blood
brain barrier and target nerve
synapses or channels, can damage
neurons by inducing oxidative stress

and inflammation
(Pablo et al. Neurologica, 2009)

Inhalation may cause

inflammation and weaken
walls of the lungs

(Oliveira et al. Toxicon, 2015)

Increase accumulation of .
May lead to cardiac

fat in liver cells, death of ) ) . .
’ inflammation and fibrosis as

liver cells and incidence of .
well as cardiac hypertrophy

some liver cancers (Lundqvist et (Martins et al. Chemosphere, 2011; Qui et

al. Toxicon, 2017; Batista et al. Aquat P | al. Toxicology, 2009)
Toxicol, 2003)

Lead to inflammation and Induces oxidative stress,

cell death in gut cells and inflammation and cell death in

may be associated with some renal cell types, potentially leading

to decreased renal function

colorectal cancers

(Berry, Environ Microbiol, 2017)
(Miao et al. Mol Carcinog, 2016)

Lad et al. Life 2022, 12, 418.



Why Are HAB Microcystins so

Harmful and What is Their
Mechanism of Action?



TOLEDO

Microcystin transporters:
At a Major Organ System Near YOU!
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Organic Anion Transporting Proteins (OATP’s) are the
Main Cellular Transporter for Microcystins
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Protein Phosphatase 1 and 2A (PP1, PP2A) are the
main Cellular Targets for Microcystins
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Protein Phosphatases Control Thousands of
Important Cellular Processes

PANTHER Pathway

Total # Genes: 184 Total # pathway hits: 382

* PP1 and 2A have hundreds of known
substrates

 PP2A and PP1 account for the majority
of dephosphorylation activity in
eukaryotic cells

* PP2A and PP1 make up roughly 1% of
the dry weight of the cell

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4905575/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4905575/

What can we learn from public health data on
Harmful Algal Bloom (HAB) exposures?



';;‘ One Health Harmful Algal Bloom System (OHHABS)

-

ot Sk from barat o
getting sick from harmful i . Associated liinesses

algal blooms (HABs) across

43

the United States. HAB events 95
28 1 with associated ) =
A e_.ven;s_"\.vith o human illnesses w

°In 2022, Fifteen states 4 J—
voluntarily reported 372 N N NS ruman & anima <

M sl animal illnesses
HAB events, 95 human =55 = e
linesses, and at least 4 e T I

102,071 animal ilinesses. 14 101,954

_oroup case orms e 2l il inesses |
Nearly half (45%) of
human illnesses were

among children and teens

younger than 18 years old.

2022 Data from CDC’s One Health Harmful Algal Bloom System (OHHABS)



People can become ill from cyanobacteria or their toxins through ingestion, direct skin contact, or inhalation.
There are no clinically available diagnostic tests for cyanotoxins or treatments for ilinesses caused by
cyanobacterial blooms, but you can help relieve patients’ symptoms by providing supportive medical care.

Cyanobacterial Bloom Basics

Cyanobacteria (also called blue-green algae) can grow quickly, or
bloom, when the water is warm, slow-moving, and full of nutrients,
Cyanobacterial blooms are most commonly found in fresh water such
as lakes, rivers, and streams. Blooms can discolor the water and look
like foam, scum, mats, or paint on the surface. These blooms sometimes
produce toxins (cyanotoxins) that can cause illness.

Common cyanotoxins include
« Microcystins » Anatoxins « Nodularins
« Cylindrospermopsin - Saxitoxins « Lyngbyatoxins

Exposure and Health Impacts

+ People are most often exposed while swimming, boating, or doing
other activities in or near water with a cyanobacterial bloom. People
can also be exposed through contaminated tap water; seafood;
dietary supplements; or, infrequently, dialysis.

« Symptoms and signs depend on how people were exposed, how long
they were exposed, and the types of toxins they were exposed to (see
the table on page two for more information on health effects).

ICD-10-CM codes can be used in diagnosing and recording
harmful algal and cyanobacterial bloom-related illnesses.

« Pet illness may provide additional evidence that a patient could have » T65.82 Toxic effect harmful algae & algae toxins
an illness caused by a cyanobacterial bloom. Dogs and other animals « Z77.121 Contact with and (suspected) exposure to harmful
might have more severe symptoms than people, including collapse algae and algae toxins

and sudden death. .

Tests and Treatments

« Medical care is supportive. There are no known antidotes to cyanotoxins
or specific treatments for illnesses caused by cyanobacteria and their toxins.

» There are currently no clinically available diagnostic tests for cyanotoxins.

CS319451-B

https://www.cdc.gov/habs/pdf/habsphysician card.pdf



https://www.cdc.gov/harmful-algal-blooms/media/pdfs/habsphysician_card.pdf

Characteristics of HAB Exposures and lliness

2016-2018 Data from CDC’s One Health Harmful Algal Bloom System ”(.,Zr""ﬁ
II////////)f

Healthcare Setting Most Common Symptoms
Other
Cardio%l:}monary - Gastrointestinal
( \

33%

Neurologic___
7% "

Ear, nose, or___ |
throat
8%
Poison Control

74% Headache, Fever,

Lethargy
21%

TOLEDO

Reported cases (n = 389) associated with HAB events.  (MMWR, 2020)



Characteristics of HAB Exposures and lliness

2016-2018 Data from Healthcare Cost and Utilization Projects (HCUP) Nationwide Emergency
Department Sample (NEDS)

—_, H R Agency for Healthcare
-~ M\ Research and Quality
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Characteristics of HAB Exposures and llIness

% Agency for Healthcare
HCUP = M\ Research and Quality

HEALTHCARE COST AND UTILIZATION PROJECT

118 Patient Visits to Emergency Department for HAB Exposure from 2016-2018

Year 2016 2017 2018 Summary

Respiratory 24% 10% 36%
related illness

—  easss as primary
>_ ® @ © © ©
ol TRTRE. ; ; ;
e ARRED Any 53% 15% 60%
— Respiratory
llIness (%)

Smoking (%) 11% 33% 26%

v Diabetes (%) 5% 10% 11%

THE UNIVERRITY OF




What can we learn from clinical case series from
Northwest Ohio?



Public Health Data Matches our Clinical Experience

A Case Series of Potential Pediatric Cyanotoxin Exposures Associated
with Harmful Algal Blooms in Northwest Ohio

by Benjamin W. French 1'T & Rajat Kaul 2T & Jerrin George ' &, Steven T. Haller 1." &
David J. Kennedy 1" & & and Deepa Mukundan 2." &

T Department of Medicine, College of Medicine and Life Sciences, University of Toledo, Toledo, OH 43614, USA
2 Department of Pediatrics, College of Medicine and Life Science, University of Toledo, Toledo, OH 43614, USA
" Authors to whom correspondence should be addressed.

T These authors contributed equally to this work.

Infect. Dis. Rep. 2023, 15(6), 726-734; https://doi.org/10.3390/idr15060065

Submission received: 25 September 2023 / Revised: 13 November 2023 / Accepted: 15 November 2023 /
Published: 20 November 2023

(This article belongs to the Topic Ecosystem Change, Infectious Diseases Transmission and Early Warning)



Characteristics
of HAB

Exposures and Cyanobacteria in recreational freshwaters:
liness Understanding exposures and health effects

May 2024

By Juliette O’Keeffe
National Collaborating Centre for Environmental Health

://ncceh.ca/resources/evidence-reviews/cyanobacteria-
recreational-freshwaters-understanding-exposures-and



https://ncceh.ca/resources/evidence-reviews/cyanobacteria-recreational-freshwaters-understanding-exposures-and

Characteristics
of HAB
Exposures and

IlIness

https://ncceh.ca/resources/evidence-
reviews/cyanobacteria-recreational-
freshwaters-understanding-exposures-and

Location

Activity

Affected

population

Symptoms

Outcome

Suspected toxin

1959% | Saskatchewan, Swimming Adult male Headache, nausea, and severe Hospitalized for 24h. | Suspected Microcystis cells
Canada gastrointestinal symptoms. Fully recovered. found in patient’s stool.
19897 Rudyard, Canoeing Eight teenage Sore throat, headache, abdominal pain, dry Two recruits Microcystis aeruginosa and
England (Barrel roles, heads | male army cough, diarrhoea, vomiting, and blistered hospitalized for MC-LR detected in bloom
immersed in water) | recruits mouths. Two teens who swallowed water pneumonia. material.
had more severe symptoms, malaise, All fully recovered.
pleuritic pain, fever. One suffered confusion
and hallucinations.
200278 Wisconsin, Playing in a golf Five teenage Three of the boys had minor symptoms. One fatality. Initial stool and blood from
USA course pond boys Two boys who were fully immersed and Four fully recovered. the fatal case appeared to
accidently ingested water had more severe indicate Anabaena flos-
symptoms. One suffered severe diarrhoea aquae and ATX-a, later
and abdominal pain. The second suffered identified to be
nausea, vomiting, shock, seizure, acute heart phenylalanine. Cause of
failure and death. death was inconclusive.
2007%° Salto Grande Jet skiing 19-year-old Symptoms included gastrointestinal Hospitalized for 20 d, | Intense bloom of
Dam, (Immersion for >2h, | male symptoms, nausea, vomiting, weakness, including three days Microcystis spp.
Argentina ingested water) Worsened to respiratory, renal, and liver in ICU.
problems. Fully recovered.
2011% Kansas, USA Swimming 17-year-old Sore throat, cough, malaise, headache, and | Both hospitalized for | M. aeruginosa and
male fever. three days. microcystins were
- " - ) Both fully recovered. | detected in the lake.
Water skiing 38-year-old Headache, joint pain, fatigue, sore throat,
(Ingested water) male fever, chills, and diaphoresis.
2015% Montevideo, Repeated Three adults Self-limiting gastrointestinal symptoms for Child hospitalized Microcystis spp. bloom
Uruguay recreational activity | and the adults. with respiratory was present and MC up to
at a beach 20-month old Severe symptoms for the child including support; liver failure 8.2 mg/L was reported.
child. jaundice, elevated liver enzymes, respiratory | leading to liver
symptoms, liver failure. transplant.
T oy TecoveTew:
2014- Maumee River Swimming Case 1 (2016): Rash, headache, fever, vomiting, diarrhea, Hospitalized with Events occurred in areas
2016% and Maumee 16-year-old girl and severe respiratory distress. worsening symptoms | where cyanobacterial

Bay, Lake Erie,
USA

Case 2 (2015):
14-year-old girl

Case 3 (2014):
Seven-year-old
girl; history of

asthma

A male sibling also developed mild self
limiting symptoms that resolved.

Rash, fever, vomiting, diarrhea, and
dehydration. No ingestion of water
reported.

Decreased responsiveness, tachycardia, and
severe respiratory distress.

two weeks after
exposure.
Fully recovered.

Hospitalized in ICU
for treatment.
Fully recovered.

Hospitalized in ICU
with mechanical
intubation; prolonged
hospital stay.

Fully recovered.

blooms were present or
reported shortly after the
event.

Tampon-use during
swimming for Cases 1 and
2 may have caused
contaminated water to be
absorbed, prolonging
exposure and subsequent
symptoms experienced.



https://ncceh.ca/resources/evidence-reviews/cyanobacteria-recreational-freshwaters-understanding-exposures-and

Characteristics of HAB Exposures and lliness

Health effects from recreational exposure:
e Most reports of human illness following recreational exposure to cyanobacteria

are mild and self-limiting, but symptoms can be wide ranging from
gastrointestinal or respiratory symptoms to irritant effects, fever, headache, and

fatigue.

e Occasionally, exposure to cyanobacterial blooms can cause serious and life-
threatening illness, most often following full body immersion and accidental
ingestion of water, and often involve children (< 18 yrs).

https://ncceh.ca/resources/evidence-reviews/cyanobacteria-recreational-freshwaters-understanding-exposures-and




Knowledge Gaps of HAB Exposures and llIness

Limited research and knowledge gaps
remain on:

e Health effects associated with non-
ingestion routes of exposure

e Incidental water contact

e The health effects of chronic, low-
level exposures

e Other diseases that may increase
vulnerability

https://ncceh.ca/resources/evidence-reviews/cyanobacteria-recreational-freshwaters-understanding-exposures-and




Knowledge Gaps of HAB Exposures and llIness

Limited research and knowledge gaps
remain on:

e Disease surveillance and reporting
systems for cyanobacteria-related
illnesses to improve our understanding
of health effects due to recreational
exposures.

e Evidence-based guidance for the
community and clinicians

https://ncceh.ca/resources/evidence-reviews/cyanobacteria-recreational-freshwaters-understanding-exposures-and




Clinical Take Home Message 2:
il 2

Only you can encourage use of ICD-10 codes in

diagnosing and recording Harmful Algal Bloom

7= Related IlIness
=

- T65.82 Toxic effect harmful algae & algae toxins

« /77.121 Contact with and (suspected) exposure to harmful
algae and algae toxins




Clinical Take Home Message 3:

il

Reporting to Health Departments and

| "

CDC is key to recording and tracking ’(I; )C

Ml /

HAB exposures and informing
research efforts

https://www.cdc.gov/harmful-algal-blooms/?CDC AAref Val=https://www.cdc.gov/habs/pdf/habsphysician card.pdf



https://www.cdc.gov/harmful-algal-blooms/?CDC_AAref_Val=https%3A//www.cdc.gov/habs/pdf/habsphysician_card.pdf

What are the current experimental and pre-
clinical data for microcystin toxicity especially
in models of susceptibility?
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Microcystin Exacerbates Inflammation in a Model of
Inflammatory Bowel Disease

Gene expression of pro-
inflammatory markers in
intestinal tissue from our
inflammatory bowel
disease (IBD) model

TNF-a expression

TNF-a expression
* %

&k kk

w

% %

L

-
n

0
Control IBD MC-LR IBD +

MC-LR

50+

IL-1B expression

10+

IL-1 expression
%

% ok ok 3k

Control IBD MC-LR IBD +

MC-LR

v Prolonged weight loss
v Prolonged blood detectable in stool

*p<0.05
*%0<0.01
**%%%0 ) 0001

v’ Exacerbated colonic shortening
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@
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CD40 expression

Control

%k k
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MC-LR

Su et al. Toxins. 2019. 11(6). PMID: 31242640



Dermal Microcystin Exposure Accelerates
Atopic Dermatitis in Skin




Why might respiratory conditions be a common
health impact after HAB exposure?



Toledo, OH ranked the highest in the nation for
asthma medicine usage: 2024 Data

Quick-relief medicine use is highestin
these citiest:

Asthma control medicine use is highestin

these citiest:

Asthma and Allergy
Foundation of America

afa

Asthma Overall Asthma Overall
R uen | Metropoitanarea | *“NTSCORl ||| ConvoL | Metropottan area | 6 Copi
Ranking Ranking Ranking Ranking
1 Toledo, OH 4] 1 Toledo, OH 4]

2 Springfield, MA 4 2 Ogden, UT 79
3 Detroit, Ml B 3 Louisville, KY 40
4 Louisville, KY 40 4 Indianapolis, IN 61
5 Columbus, OH 20 5 Jackson, MS 48
6 Providence, RI 10 6 Pittsburgh, PA 45
7 Greenville, SC 13 7 Harrisburg, PA 14
8 Boston, MA 74 8 Greenville, SC 13
9 Indianapolis, IN 61 9 Detroit, Ml 3
10 Atlanta, GA 43 10 New Haven, CT 83

2024

AsthmaCopltoIs

Source: Asthma and Allergy Foundation of American, 2024 Asthma Capitals Report (asthmacapitals.com)

THE UNIVERSITY OF

TOLEDO



Patients with Asthma Have More of the Transporters
that Microcystin Uses to Gain Access to Lung Cells

O
oo
@ OATP1B3 Expression in Asthmatic Airways

1 Healthy airways
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Microcystin Toxins in the AIR we Breath?

, 2o —_—
@
Aerosols can be carried ,

30 kilometers from the source

(Olsen et al. Environ Sci Technol,
Aerosols are produced by wave 2020)

breaking, bubble-bursting, and

recreational activity

Inhalation of aerosols
may occur at source or
distance

Exposure to aerosolized toxins may lead to airway inflammation

(Facciponte et al. Sci Total Environ, 2018) 43



How do we model Harmful Algal Bloom (HAB)
aerosols experimentally?



Modeling Human Airway Epithelium
In 3D culture

Aerosol containing

ALl Culture MC or Vehicle

Top chamber

Tissue insert

Transwell membrane

Ciliated cells (Multi-layered
columnar epithelium
Goblet cells

Basal cells

Transwell membrane
0.4 um

45



MC-LR exposure induces pro-inflammatory response that is
heightened in the setting of asthma

B Asthmatic cell + MC-LR

g
R -

A. B.

g Fekk E 97 ko :

— Gh : ) k&

N ek e N —
Q o 4- Q. s 4
@ oy - g Healthy cell + Saline
~o 3 ; - B Healthy cell + MC-LR
'E E ”. 4 N Asthmatic cell + Saline
< = ©
~ =

= S

@) c

5 S

Exposure Group

Exposure Group

Figure 1. Aerosolized MC-LR exposure in primary airway epithelial cells: MC-LR
exposure (1uM) resulted in increased expression of TNF-a, and IL-6 which are further
heightened in asthmatic cells. P-values: **P<0.01; *** P<0.001 (One-way ANOVA) . covsmor

. TOLEDO



Clinical Take

Home /l\\l\essqge 4.
ERE
Asthma may exacerbate harmful health effects of
HAB toxins




What are we doing to improve this?

| é | Environmental, Occupational and |
. . _ o THE UNIVERSITY OF
%9 Community Medicine Program TOLEDO

University of Toledo Department of Medicine



People can become ill from cyanobacteria or their toxins through ingestion, direct skin contact, or inhalation.
There are no clinically available diagnostic tests for cyanotoxins or treatments for ilinesses caused by
cyanobacterial blooms, but you can help relieve patients’ symptoms by providing supportive medical care.

Cyanobacterial Bloom Basics

Cyanobacteria (also called blue-green algae) can grow quickly, or
bloom, when the water is warm, slow-moving, and full of nutrients,
Cyanobacterial blooms are most commonly found in fresh water such
as lakes, rivers, and streams. Blooms can discolor the water and look
like foam, scum, mats, or paint on the surface. These blooms sometimes
produce toxins (cyanotoxins) that can cause illness.

Common cyanotoxins include
« Microcystins » Anatoxins « Nodularins
« Cylindrospermopsin - Saxitoxins « Lyngbyatoxins

Exposure and Health Impacts

+ People are most often exposed while swimming, boating, or doing
other activities in or near water with a cyanobacterial bloom. People
can also be exposed through contaminated tap water; seafood;
dietary supplements; or, infrequently, dialysis.

+ Symptoms and signs depend on how people were exposed, how long
they were exposed, and the types of toxins they were exposed to (see
the table on page two for more information on health effects).

ICD-10-CM codes can be used in diagnosing and recording
harmful algal and cyanobacterial bloom-related illnesses.

« Pet illness may provide additional evidence that a patient could have - T65.82 Toxic effect harmful algae & algae toxins
an illness caused by a cyanobacterial bloom. Dogs and other animals « Z77.121 Contact with and (suspected) exposure to harmful
might have more severe symptoms than people, including collapse algae and algae toxins

Tests and Treatments
« Medical care is supportive. There are no known antidotes to cyanotoxins

or specific treatments for illnesses caused by cyanobacteria and their toxins.
» There are currently no clinically available diagnostic tests for cyanotoxins.

://www.cdc.gov/habs/pdf/habsphysician card.pdf



https://www.cdc.gov/harmful-algal-blooms/media/pdfs/habsphysician_card.pdf

Physician Reference for Cyanobacterial Blooms

People can become ill from cyanobacteria or their toxins through ingestion, direct skin contact, or inhalation.
There are no clinically available diagnostic tests for cyanotoxins or treatments for ilinesses caused by

Tests and Treatments

- Medical care is supportive. There are no known antidotes to cyanotoxins
or specific treatments for illnesses caused by cyanobacteria and their toxins.

- There are currently no clinically available diagnostic tests for cyanotoxins.

andsuddendeath.

Tests and Treatments

« Medical care is supportive. There are no known antidotes to cyanotoxins
or specific treatments for illnesses caused by cyanobacteria and their toxins.

» There are currently no clinically available diagnostic tests for cyanotoxins.

https://www.cdc.gov/ha bs/pdf/hgaﬁggghvsician card.pdf



https://www.cdc.gov/harmful-algal-blooms/media/pdfs/habsphysician_card.pdf

New, Sensitive Diagnostic Methods Developed for Detection
of Microcystins in Urine, Plasma, and Serum

Journal of Chromatography A, 1573 (2001 B} B6-77

Contents lists available at Sciencelirect ;
===
Journal of Chromatography A =
journal homepage: www.elsevier.com/locate/chroma E =
Development and applications of solid-phase extraction and liquid 1)
chromatography-mass spectrometry methods for quantification of S

microcystins in urine, plasma, and serum

Dilrukshika S.W. Palagama®, David Baliu-Rodriguez ®, Apurva Lad"”, Bruce S. Levison,
David ]. Kennedy®, Steven T. Haller®, Judy Westrick®, Kenneth Hensley*®,
Dragan Isailovic**

1. Conditioning 2. Loading serum 3. Washing 4. Eluting >
supernatant =
(2] |
1 mL methanol —— ‘ 1 mL methanol —— £ Elute with 0.5—— % mHin
100% and TmL 100%, TmL 15% - mL methanol - | ‘ U
15% methanol methanal, and containing 0.1% = 11| Hin
eeeeee mic aci 1

Il

THE UNIVERSITY OF

T TOLEDO



New, Sensitive Diagnostic Methods Developed for Long
term Detection of Microcystins in Blood

R AN E

Deepa Mukundan, M.D.
Chair, Department of Pediatrics
University of Toledo College of

Medicine and Life Sciences

Substrate

Colored Product

’ HRP-conjugated Universal
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Two Patent Applications for New, Sensitive

Diagnostic Methods Developed for Detection of
Microcystins

y Patent Applications
H 1) Method for detecting exposure to cyanotoxins
\ Filed: 6/28/2018, Serial Number: 62/691,036

2) An improved protocol for preconcentration and
) quantification of microcystins using LC-MS

Filed: 7/12/2018, Serial Number: 16/033,496
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New Center Creates First Ever Harmful Algal Bloom
Aerosol Sensor Network in Western Lake Erie Basin

Lake Erie Center
High Volume HPLC-MS/MS

Air Sampler Station

Intensity

Real world aerosolized toxin analysis
in human lung cells
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UToledo Lake Erie Center Air Monitoring Field Station
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Differences in Blooms and PM10 collection filters
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New Center Creates Community Health Study to Help
Provide Evidence Based Medicine Guidelines for HABs

e 200 Patients from Lucas, Ottawa, and Sandusky Counties
e 5 year community health study
e Creates biobank of clinical samples used to develop new

diagnostic methods and therapies for HAB exposures = X

Deepa ukundan, MD
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Clinical Take Home Message 5:

i
We are making progress towards Evidence Based
Medicine on HABs
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Key Take Home Messages:

* Harmful Algal Blooms (HAB’s) are on the rise and have significant public
health implications

* HAB toxins such as microcystins can have both acute and chronic effects in
multiple organ systems across the body

* Public health data suggests need for increased education and awareness,
especially in vulnerable patient populations

* Recent experimental data suggests

* Common pre-existing diseases in liver, gut, skin and lungs may increase susceptibility to
HAB toxins

* Evidence Based Medicine and Policy is needed to address the health impacts of
HABs and we need your help to do this!

Andrew.Fribley@UToledo.edu

David.Kennedy@UToledo.edu Steven.Haller@UToledo.edu
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