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What is Pfiesteria?
“fee-STEER -ee-uh”

• Single-celled dinoflagellate microorganism 
found in back bays & tidal tributaries.
– not found in fresh water.

• Dinoflagellates:
– flagella (usually 2), diverse group (> 1000 species; > 55 

toxin-producing species), unusual shapes common, 
prominent component of plankton, phosphorescence 
common, largely marine, some parasites.







• Not toxic in the absence of fish.  Feed on 
algae and other microbes.

• In presence of large numbers of fish, some 
species produce toxins that can adversely 
affect fish, shellfish and humans.

• Very low concentrations can kill fish (250-
300 zoospores/ml).  Fish death (from higher 
concentrations) can occur in minutes to 
hours.

• Very complex life-cycle.



• 2 toxin-producing species:
– Pfiesteria piscicida (“pis-kih-SEED-uh”)
– Pseudofiesteria shumwayae
– may be others

• Non-toxic species also.
• First identified in 1987 by JoAnn

Burkholder, NC State, in contaminated 
laboratory aquaria water.

• First observed in environment during a fish 
kill in 1991 in the Pamlico River estuary, 
NC.



• Dormant in sediment in cyst form.
• In the presence of large numbers of fish, 

emerges as a toxin-producing amoeba or 
zoospore (TZ).

• After fish kill event, becomes non toxin-
producing zoospore or amoeba.





Complex Life Cycle





Pfiesteria Toxin(s)
• Toxin has been partially characterized.

– An unstable organic compound containing copper (and 
iron).

– Acts through light-induced free-radical formation.
– May be one of a family of similar toxins (congeners).

• The genetic components of Pfiesteria responsible 
for toxin production have not yet been 
characterized.

• A cell culture assay can detect the presence of the 
toxin(s) in water or blood.



Pfiesteria toxins (con’t)
• Do not last long in the environment (2-5 days 

before all activity is lost).
• Do not accumulate in fish tissues or organs.
• No evidence that eating fish or shellfish from a 

fish kill area causes illness, but other states advise 
not eating fish with sores or from fish kill areas.

• Role of Pfiesteria toxins in fish lesions in 
environment is unclear.
– Fungus-like Aphanomyces invadans always 

found in the lesions, often with bacteria.



History of Pfiesteria

• First identified by JoAnn Burkholder in laboratory 
aquaria of Smith and Noga at NC State in 1987.
– tilapia fish started dying from unknown cause (had 

introduced Pfiesteria-contaminated NC estuary water).

• First observed in environment during a fish kill in 
1991 in the Pamlico River estuary, NC.



Environmental conditions 
favorable to toxic Pfiesteria

• Presence of high density of fish (Atlantic 
menhaden)

• Warm, brackish, shallow, poorly flushed 
waters with high levels of nutrients.

• A potential indicator of a polluted estuary.





Toxic Pfiesteria in the 
Environment

• Have caused fish kills in Albemarle-Pamlico 
estuary (NC) and Chesapeake Bay (MD). 
– Large economic losses can result (MD 1997: $60 

million)
• Toxic forms also found in VA, DE and other 

countries but not during fish kill events.
– Pfiesteria of unknown toxicity observed as far 

north as Long Island, NY (not associated with fish 
kills).













Native Fish & Shellfish Affected
(lethal to all tested fish and shellfish)
• Mostly Atlantic menhadin (Brevoortia tyrannus).
• Other finfish:

– American eel, Atlantic croaker, black grouper, 
channel catfish, hogchoker, killifish, 
mosquitofish, naked goby, pinfish, red drum, 
sheepshead, southern flounder, spot, spotted sea 
trout, striped bass, striped mullet, white perch.

• Shellfish: bay scallops, blue crab, eastern oyster, 
littleneck clams.



Adverse Human Health Effects

• First observed in laboratory personnel 
working with Pfiesteria cultures.

• Reports from numerous fisherman exposed 
during fish kill events.

• H.B. Glasgow et al. 1995. J. Toxicol. 
Environ. Health 46:501-522.





Adverse Human Health Effects 
(con’t)

• Disorientation with a sense of 
depersonalization and of being compelled to 
continue.  Lacking ability to recognize that 
“something was wrong”.

• Short term memory loss: lasting 1-8 weeks.
• Heavily exposed persons: residual 

symptoms, following vigorous exercise, 
lasting for years afterward.



Pfiesteria Detection Assays

• “TPC” (toxic Pfiesteria complex) assay for water samples 
(“gold standard”):
– Pfiesteria capable of killing target fish (typically tilapia) in

test aquaria.
– Burkholder’s lab and perhaps 1 or 2 others only; P3 safety 

conditions employed.
– Takes 8 weeks or more for low concentration samples.

• Toxin assay for water or blood samples:
– cell culture assay (rat pituitary cells)
– cytotoxicity and gene induction endpoints.
– developed by John Ramsdell et al, NOAA, Charleston, SC.





Pfiesteria Detection Assays 
(con’t)

• Species-specific detection assays for water 
and sediments:
– detects ribosomal DNA specific to P. piscicida, 

Ps. shumwayae, or Cryptoperidiniopsis.
– shows if DNA of these organisms is present.
– can’t tell if cells dead or alive or capable of 

producing toxins.
– developed by David Oldach (U. Md.) and Parke 

Rublee (UNC - Greensboro).
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