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Harmful Algal Blooms (HABS)

Definition:

o © /Brown/Yellow/etc Tides”

* Proliferation of microscopic organisms
« Marine, fresh & estuarine waters

e £ Potential danger to:

— Environment
— Wildlife
— Humans


Presenter
Presentation Notes
Harmful algal blooms (HABs) are caused by microscopic organisms (such as dinoflagellates, diatoms, and the blue green algae) at the base of the food chain.  A HAB is caused by an exuberant growth of these organisms resulting in harm to the environment, wildlife and/or humans.  These HABs can occur in marine, fresh and estuarine waters.


Harmful Algal Bloom







Causes of HABs?

DEPENDS on Individual Organism!!!!

 Environmental/Biological factors

« ?Anthropogenic Factors
—?Human Interactions
—?Pollution & Nutrients
—?Global Change


Presenter
Presentation Notes
There are many factors involved in the occurrence of a HAB, both environmental and biological.  One possible cause of current scientific interest is the increasing range of human interactions.  Humans have increasing contact with the marine, freshwater and estuarine environments.  Directly, humans are eating more seafood worldwide, as well as interacting with these environments through recreational and occupational behavior.  In addition, through international trade and tourism, humans are exposed to new types of seafood and marine environments with their attendant risks.  Some of these marine organisms may respond with exuberant growth and HABs due to exposure to the inadvertent enrichment of marine, freshwater and estuarine waters due to the runoff of fertilizers and other chemicals from human activities.  In addition, there are even some HABs which may be affected by global climate change.


Causes of HABSs
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Presentation Notes
The organisms causing the HABs are microscopic, at the base of the food chain.  These organisms are very ancient and include dinoflagellates, diatoms and the blue green organisms.  A small number of these organisms are able to produce natural and highly potent toxins.  Many of these toxins are neurotoxins, although some are hepatotoxins and even carcinogens.  The organisms involved in HABs can produce these toxins, nevertheless an HAB can also be harmful purely by causing a lack of oxygen in the water and death to other organisms.


HAB Toxins

 Natural Toxins
—Harmful in minute (picogram) doses

e Can NOT be

— detected
e No taste or smell

—eliminated
 Heat and acid stable
e Cleaning, storage, cooking

e Work at cellular level


Presenter
Presentation Notes
The HAB toxins are exceedingly potent.  For example, ciguatoxin, the natural toxin associated with Ciguatera fish poisoning, is toxic to humans in picogram doses.  Therefore, it is often very difficult to detect these toxins, especially since they are odorless and tasteless.  Furthermore, these toxins are heat and acid stable.  Therefore, normal methods of cleaning, cooking and storage of toxin contaminated food will not remove the toxins.   





Ciguatoxin Effects on the Sodium
Channel in Nerve Cells






Economic Costs of HABs

US 1987-1992:
—Public Health
—Commercial Fisheries
—Recreation & Tourism

—Monitoring & Management
— Anderson, Hoagland et al (2000/2002)



HAB Human Diseases:
Routes of Exposure



Toxic CARNIVORE

Toxrc HERBIVORE EATEN BY
CARNIVORE

ulp

(  HERBIVORE INGESTS
) Toxic DINOFLAGELLATES

Toxin PrRODUCING
DINOFLAGELLATES



Seafood Consumption

 Bivalve Consumption (FAO 2004)

— France & Norway 35% consume 1-11x/yr =
4.2 “eating occasions”/yr

— US 8.6 “eating occasions”/yr

 Seafood Consumption (NAS 2007)
— US > 16 Ibs/person/yr
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HAB Human Diseases:
Air/Water Exposure



HAB Known Human Diseases



HAB Known Human Diseases

Ciguatera Fish Poisoning
Pufferfish “Fugu” (Tetrodotoxin)/(Saxitoxin)
?Brevetoxin Fish Poisoning

Aerosolized (Brevetoxin) Red Tide
Blue Green Algae/Cyanobacterial
??Pfiesteria/PEAS
??0vatoxin/Ostreopsis

OTHER?



HAB Human Diseases

Transvector

Fish

Water/Aerosol

Disease

Ciguatera

Fugu (Tetrodotoxin/Saxitoxin)
?Brevetoxin Fish Poisoning
(Brevetoxin) Red Tide

Blue Green Algae/Cyanobacteria
(?Pfiesteria/PEAS)
?0vatoxin/Ostreopsis



HAB Human Diseases : Clinical
Epidemiology

Known Clinical Epidemiology
e Onset

o Attack Rate = # ill/# Exposed
e Symptoms

o Fatality

o ??Chronic Disease

e Treatment

e Other







HAB Human Diseases

Saxitoxin

Acute Onset (5-30 min-hours; < 24 hrs)
?High Attack Rate

Neurologic; Gastrolntestinal, Respiratory
Fatality (1-60%)

?Short Duration (days)

?Chronic Disease

Supportive Rx; ?0ther




Fugu=Pufferfish Poisoning
(Tetrodotoxin & Saxitoxin)



HAB Human Diseases

Acute Onset (30 min-3 hr; 24 hrs)
?High Attack Rate
Gastrolntestinal

?Short Duration (days)

?Chronic Disease: ?Cancer
?Supportive Rx



HAB Human Diseases

Acute Onset (30 min-3 hr; < 24 hrs)
?High Attack Rate

Neurologic; Gastrolntestinal
?Short Duration (days)

?Chronic Disease: ?Neurologic?
?Supportive Rx



HAB Human Diseases

?0nset: hours (?< 24 hrs)
?High Attack Rate
Neurologic; ?Other
?Fatality (3%)

?Chronic Disease (yrs): ??Amnesia
— Sea Lions
— ?susceptible populations

?Supportive Rx



HAB Human Diseases

?0nset: hours (?<24 hrs)

?High Attack Rate
Gastointestinal (Intestine, Liver)
?Fatality

?Chronic Disease (yrs). ?Cancer
?Supportive Rx



HAB Human Diseases

?0nset

?Attack Rate
— ?Sensitive Subpopulations

?Gastrolntestinal;, ?Dermatologic; ?Hepatic;
?Renal; ?Neurologic; ?Respiratory; ?Other

?Fatality (0-20%)

— Dialysis patients

?Chronic Disease (yrs). Hepatic, Cancer
?RX



Florida Blue Green Algae
Sampling: Surface Water
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HAB Human Diseases

Acute Onset (1-24 hr)

?High Attack Rate

Neurologic; Gastrolntestinal, Cardiovascular
?Fatality (0.1-12%)

Long Duration (weeks to yrs)

Chronic Disease: Neurologic, ?Chronic
Fatigue, ?Other

?Rx: Supportive, Mannitol, ?TCA, ?Other






Table 1 Reparted Frequency of Clinical Symptoms of Ciguatera

Region of Study
Source of Data (Reference #)
Number of Cases (n)

South Western South
Symptoms Caribbean ~Caribbeam Caribbean ~Caribbean Caribbean Caribbean Caribbean Pacific Pacific Pacific
{reporied by (17} {24) (22) (9] (25) (23) (27) Islands (26) (Australia) (1) Isles (11)
%o frequency) (n=442) {n=57) {n=AT) (n=128) (n=186) (n=80) {n=6) (n=12.800) (n=16T7) (n=3,0:08)

Gastrointestinal

Drarrhea &b
Warniting &6
Mausea 1040
Abdominal pain &b
Neurological

Arthralgia

Wvalgia

Extramity parasthesia

Circurnoral paresthasia

Temperature reversal

Haadache

Dizzimassivertigo

Weakness

Chills'swaating

Other

Cwysuria

Pruritus

Cantal pain or "loosenass”

Dyspnea

Skin rash

Stinn et al 2001




Symptom Course of
Sub/Chronic Ciguatera

Lawrence et al 1980



?Brevetoxin Fish Poisoning
Red tides and marine mammal mortalities

Unexpected brevetoxin vectors may account for deaths long after or remote from an algal bloom.

Flewelling et al. Nature 2005


Presenter
Presentation Notes
Red tide has been associated with massive fish kills along the Gulf Coast.  Brevetoxin is a nerve toxin, which paralyzes the fish’s gills and causes death by lack of oxygen.  Slow-moving or bottom-dwelling fish are usually the first to die in a red tide.  However, nearly all fishes are susceptible, depending on the density of the bloom, length of exposure time, and other factors.  


?Brevetoxin Fish Poisoning
New Pathway!

Naar, Flewelling, et al

Chronic Low Dose Exposures??



Aerosolized (Brevetoxin)
Florida Red Tide



Conclusions: Humans

Emergency room visits Gl & Respiratory

Acute Respiratory Effects

— Symptoms in Asthmatics & Occupational
— PFTs in Asthmatics

Sub Acute Respiratory Effects

— Symptoms & PFTs Asthmatics

— Increased ER Respiratory Admissions
Chronic Respiratory Effects

— ?None In stable asthmatics; ?Unstable
— ?Pneumonia, Bronchitis increased risk



Pfiesteria piscicida/ PLOs???

Pfiesteria piscicida CryPtoperidiniopsoid

Dinoflagellate






New HAB Human Diseases?

 Geographic spread & new Locations
— Ballast water, spat

e New transvectors
— e.g. Brevetoxin FISH disease

« Known “Orphan” toxins
— Cyclic imines
— Pectenotoxins
— Yessotoxins
— Cyanotoxins

e New/Unknown toxins
— ?0vatoxin



Shellfish Safety — Algal toxins
EU working group on emerging toxins (May 2012)

Emerqging In
1. Ciguatoxins / Southgemg

European waters

2. Ovatoxins ————> Emerging in
Mediterranean

3. Cyclic Imines —_ Spirolides
everywhere,

4, TTX\ others sporadic

Gasteropod (PT) & fish in Mediterranean






Ciguatera:
Reported Lifetime Prevalence

4.4% St Thomas McMillan 1980
7.0% Puerto Rico Holt 1984
8.5% Tahiti Bagnis 1979
43.0% South Pacific Rogers 1986

70.0% Polynesian Isles Lewis 1986



Ciguatera: Reported Annual
Incidence/10,000 py
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Anderson 1983
Quod 1996
Gillespie 1986

Czernichov 1984
Azziz 2012
Morris 1982
Lewis 1986

Lewis 1986



Ciguatera Reporting

Under-Diagnosis
Under-Reporting
Inadequate Cluster Follow-Up

\/

90-98% Ciguatera NOT Reported in US




Ciguatera Fish Poisoning
Reporting by physicians in an
endemic area

e 10 Care Physicians in Miami-Dade
County

— Endemic Ciguatera

 Majority of Physicians NOT aware:
— W Diagnosis
— W Treatment
— W Reporting

» (McKee et al 2001)
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Presentation Notes
Once contaminated seafood leave the fishing vessels and the docks, it can be transported to local and distant markets and restaurants often unaware of the possible dangers that can be passed onto the consumer through ingestion.














HAB Human Diseases:.
Current “Prevention” = Monitoring

Disease Transvector
Ciguatera ?Fish Monitoring
Fugu

(Tetrodotoxin/Saxitoxin)
?Brevetoxin Fish
(Brevetoxin) Red Tide ?Water/Air Monitoring

Blue Green Algae
?0vatoxin/Ostreopsis









Outreach & Education

Target Audiences

— Seafood, Tourism, Water Industries
— Public Health & Food Safety

— Healthcare Providers & Patients

— Consumers, General Public & Media

Comprehensive & Usable

Dissemination & Evaluation
— Keeping Current

Survelllance



Florida Red Tide (Brevetoxins) &
Epidemiologic Study Recruitment




Visit our website at:
www.mote.org/niehsredtidestudy



Hotels,
Restaurants,
Tourist Venues

Kirkpatrick, Reich, et al



FL DOH/CDC Medical Fact Sheets & CME

Neurotoxic Shellfish Poisoning

Reporting code = 98!
Casze R
1 investigation of foodbome lliness

Clinical case definition

Onset is within a few minutes to a few hours after consumption of
epidemiologically implicated shellfish. Symptoms include tingling and
numbness of lips, mouth, fingers, and toes; muscular aches;
dizziness, reversal of hot and ccld sensations; pupil dilation; and
usually accompanied by diarrhea, vomiting and ataxia. lliness is self-
limited and milder than paralytic shelifish poisoning; paralysis has not
been documented. Duration is from a few minutes to a few hours or a
few days at most.

Laboratory criteria for diagnosis

« Detection of toxin in epidemiologically implicated shellfish

Case classification

Confirmed: Clinically compatible illness that is associated with
consumption of shelifish from areas where other toxic shellfish have
been found.

From:

Surveillance Case Definitions for Select Reportable Diseases in Florida
Florida Department of Health

Bureau of Epidemiclogy

June 2003

Backer, Reich, Fleming, et al



Florida Aquatic Toxins Hotline

University of Miami School of Medicine

Poison Control Information Center


Presenter
Presentation Notes
The Aquatic Toxins Program has also set up a toll-free hotline to answer general questions regarding harmful algae bloom health effects as well as recommend treatment options to resolve symptoms of exposure.  This hotline is managed by the Poison Control Information Center in Miami, and is operated 24 hours a day, 7 days a week.  
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Mote Marine Beach Conditions Report



Florida

Florida Red Tide



NOAA HAB Bulletins

Infrared
Satellite

Imagery
(Chlorophyll a)

Detailed
Analysis

Wind Speed Graph

Stump, Kirkpatrick, et al
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Presentation Notes
In 2004, NOAA unveiled the Harmful Algal Bloom Bulletin, which is an early warning system to monitor and forecast red tide activity and effects based on combination of satellite imagery, buoy data, and sample data from FWRI.  As the system is still in the early stages of development, use of this information is restricted.  Bulletins are issued to authorized personnel twice per week.  Bulletins are posted on DOH’s EpiCom system.






HAB Human Disease Issues

 Lack of Epidemiology
— Clinical diagnosis
e Biomarkers
 More widely available transvector testing

— Surveillance Lack
« What is baseline? Is there an increase?
« CDC HABISS (Dr Lorrie Backer NCEH)
— Beyond Acute ??Sub/Chronic disease

e Susceptible subpopulations
— Chronic disease, Children, Pregnant/Lactating



HAB Human Disease Issues

Appropriate Specific Treatments?
Sub/chronic low dose exposure?

Mixtures

— ToXins

— Microbes & Toxins
Prevention

— New Transvector, HAB Organism,
Geography, Global Trade

Outreach & Education
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http://www.rsmas.miami.edu/groups/ohh/�
http://www.myfloridaeh.com/medicine/aquatic/index.html�
http://www.miamipoison.org/�
http://www.whoi.edu/redtide/�
http://coolgate.mote.org/beachconditions/�
http://www.start1.com/�
http://www.floridamarine.org/�
http://coastwatch.noaa.gov/hab/bulletins_ns.htm�
http://www.floridaaquaculture.com/SEAS/SEAS_intro.htm�
http://esetappsdoh.doh.state.fl.us/irm00beachwater/default.aspx�
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