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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)?
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Harmful Algal Blooms Are On The Rise

Photo Courtesy of https://www.greatlakesoutreach.com/
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HAB Dynamics Throughout the Year
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HAB Dynamics Throughout the Year

Grand Lake St. Mary’s
Celina, Ohio:

Year Round HAB!!!



Clinical Take Home Message 1:

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

Breathing in aerosols 
generated from water 
containing HAB toxins

Dermal contact 

Skin contact through 
recreational activities 

such as swimming



HAB Toxins and Target Organs

Inhalation may cause 
inflammation and weaken 
walls of the lungs
(Oliveira et al. Toxicon, 2015)

Increase accumulation of 
fat in liver cells, death of 
liver cells and incidence of 
some liver cancers (Lundqvist et

al. Toxicon, 2017; Batista et al. Aquat 
Toxicol, 2003)

Lead to inflammation and 
cell death in gut cells and 
may be associated with some 
colorectal cancers
(Miao et al. Mol Carcinog, 2016)

Lad et al. Life 2022, 12, 418.

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)

May lead to cardiac 
inflammation and fibrosis as 
well as cardiac hypertrophy
(Martins et al. Chemosphere, 2011; Qui et 
al. Toxicology, 2009)

Induces oxidative stress, 
inflammation and cell death in 

renal cell types, potentially leading 
to decreased renal function
(Berry, Environ Microbiol, 2017)



Why Are HAB Microcystins so 
Harmful and What is Their 

Mechanism of Action?



Microcystin transporters:
At a Major Organ System Near YOU!



Organic Anion Transporting Proteins (OATP’s) are the
Main Cellular Transporter for Microcystins



Protein Phosphatase 1 and 2A (PP1, PP2A) are the 
main Cellular Targets for Microcystins



Protein Phosphatases Control Thousands of 
Important Cellular Processes

• 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?



• People and animals are 
getting sick from harmful 
algal blooms (HABs) across 
the United States.

• In 2022, Fifteen states 
voluntarily reported 372 
HAB events, 95 human 
illnesses, and at least 
102,071 animal illnesses.

• 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)



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 Illness
2016-2018 Data from CDC’s One Health Harmful Algal Bloom System

Healthcare Setting Most Common Symptoms

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



Characteristics of HAB Exposures and Illness
2016-2018 Data from Healthcare Cost and Utilization Projects (HCUP) Nationwide Emergency

Department Sample (NEDS)



Characteristics of HAB Exposures and Illness

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

Year 2016 2017 2018 Summary

Respiratory 
related illness 

as primary 
code (%)

24% 10% 36% 30%

Any 
Respiratory 
Illness (%)

53% 15% 60% 53%

Smoking (%) 11% 33% 26% 27%

Diabetes (%) 5% 10% 11% 10%



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



Public Health Data Matches our Clinical Experience



Characteristics 
of HAB 
Exposures and 
Illness

https://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 
Illness

https://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 Illness
Health effects from recreational exposure:
• 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.

• 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 Illness

Limited research and knowledge gaps 
remain on:
• Health effects associated with non-
ingestion routes of exposure
• Incidental water contact
• The health effects of chronic, low-
level exposures
• Other diseases that may increase
vulnerability

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



Knowledge Gaps of HAB Exposures and Illness

Limited research and knowledge gaps 
remain on:
• Disease surveillance and reporting
systems for cyanobacteria-related
illnesses to improve our understanding
of health effects due to recreational
exposures.

• 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:

Only you can encourage use of ICD-10 codes in 
diagnosing and recording Harmful Algal Bloom 

Related Illness



Clinical Take Home Message 3:

Reporting to Health Departments and 
CDC is key to recording and tracking 

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?

Focus on Microcystin-LR (MC-LR)





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

 Prolonged weight loss
 Prolonged blood detectable in stool
 Exacerbated colonic shortening

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

*p<0.05
**p<0.01
****p<0.0001



Dermal Microcystin Exposure Accelerates 
Atopic Dermatitis in Skin

Healthy + Saline Healthy + MC-LR



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

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



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

 



Microcystin Toxins in the AIR we Breath?

Aerosols are produced by wave 
breaking, bubble-bursting, and 
recreational activity

Aerosols can be carried
30 kilometers from the source
(Olsen et al. Environ Sci Technol,
2020)

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

ALI Culture

Cilia
Ciliated cells (Multi-layered 
columnar epithelium 
Goblet cells
Basal cells
Transwell membrane
0.4 µm

45



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

A. B.

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

46



Clinical Take 
Home Message 4:

Asthma may exacerbate harmful health effects of 
HAB toxins



What are we doing to improve this?

Environmental, Occupational and 
Community Medicine Program

University of Toledo Department of Medicine



https://www.cdc.gov/habs/pdf/habsphysician_card.pdf

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


https://www.cdc.gov/habs/pdf/habsphysician_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



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

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

Medicine and Life Sciences

Apurva Lad, Ph.D.
Post-Doctoral Fellow 

University of Toledo College of 
Medicine and Life Sciences



Two Patent Applications for New, Sensitive 
Diagnostic Methods Developed for Detection of 
Microcystins

Patent Applications
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





New Center Creates First Ever Harmful Algal Bloom
Aerosol Sensor Network in Western Lake Erie Basin



UToledo Lake Erie Center Air Monitoring Field Station

56
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Great Lakes Atmospheric Monitoring and Protection Research 
(GLAMPR) mobile laboratory



Differences in Blooms and PM10 collection filters

09.09.2024 09.11.2024



New Center Creates Community Health Study to Help 
Provide Evidence Based Medicine Guidelines for HABs

• 200 Patients from Lucas, Ottawa, and Sandusky Counties
• 5 year community health study
• Creates biobank of clinical samples used to develop new
diagnostic methods and therapies for HAB exposures



Clinical Take Home Message 5:

We are making progress towards Evidence Based 
Medicine on HABs



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

mailto:David.Kennedy@UToledo.edu
mailto:David.Kennedy@UToledo.edu
mailto:David.Kennedy@UToledo.edu


Thank You!

David.Kennedy@UToledo.edu
Steven.Haller@utoledo.edu
Andrew.Fribley@UToledo.edu

mailto:David.Kennedy@UToledo.edu
mailto:David.Kennedy@UToledo.edu
mailto:David.Kennedy@UToledo.edu

	Human Health Effects of Cyanotoxins
	Disclosures (Haller)
	Disclosures (Fribley)
	Goals for Today…
	Why do we care about Harmful Algal Blooms
(HAB’s)?
	Slide Number 6
	Harmful Algal Blooms Are On The Rise
	Slide Number 8
	HAB Dynamics Throughout the Year
	HAB Dynamics Throughout the Year
	HAB Dynamics Throughout the Year
	Clinical Take Home Message 1:
	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
	HAB Toxins and Target Organs
	Why Are HAB Microcystins so Harmful and What is Their Mechanism of Action?
	Microcystin transporters:
At a Major Organ System Near YOU!
	Organic Anion Transporting Proteins (OATP’s) are the
Main Cellular Transporter for Microcystins
	Protein Phosphatase 1 and 2A (PP1, PP2A) are the main Cellular Targets for Microcystins
	Protein Phosphatases Control Thousands of Important Cellular Processes
	What can we learn from public health data on Harmful Algal Bloom (HAB) exposures?
	Slide Number 22
	Slide Number 23
	Characteristics of HAB Exposures and Illness
	Characteristics of HAB Exposures and Illness
	Characteristics of HAB Exposures and Illness
	What can we learn from clinical case series from Northwest Ohio?
	Public Health Data Matches our Clinical Experience
	Characteristics of HAB Exposures and Illness
	Characteristics of HAB Exposures and Illness
	Characteristics of HAB Exposures and Illness
	Knowledge Gaps of HAB Exposures and Illness
	Knowledge Gaps of HAB Exposures and Illness
	Clinical Take Home Message 2:
	Clinical Take Home Message 3:
	What are the current experimental and pre-clinical data for microcystin toxicity especially in models of susceptibility?
	Slide Number 37
	Microcystin Exacerbates Inflammation in a Model of Inflammatory Bowel Disease
	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
	Patients with Asthma Have More of the Transporters that Microcystin Uses to Gain Access to Lung Cells
	Microcystin	Toxins	in	the	AIR	we	Breath? 
	How do we model Harmful Algal Bloom (HAB) aerosols experimentally?
	Modeling	Human		Airway	Epithelium In	3D	culture
	MC-LR exposure induces pro-inflammatory response that is heightened in the setting of asthma
	Slide Number 47
	What are we doing to improve this?
	Slide Number 49
	Slide Number 50
	New, Sensitive Diagnostic Methods Developed for Detection of Microcystins in Urine, Plasma, and Serum
	New, Sensitive Diagnostic Methods Developed for Long Term Detection of Microcystins in Blood
	Two Patent Applications for New, Sensitive Diagnostic Methods Developed for Detection of Microcystins
	Slide Number 54
	New Center Creates First Ever Harmful Algal Bloom
	Aerosol Sensor Network in Western Lake Erie Basin	
	UToledo Lake Erie Center Air Monitoring Field Station
	Great Lakes Atmospheric Monitoring and Protection Research (GLAMPR) mobile laboratory
	Differences in Blooms and PM10 collection filters
	New Center Creates Community Health Study to Help Provide Evidence Based Medicine Guidelines for HABs
	Clinical Take Home Message 5:
	Key Take Home Messages:
	Thank You!




