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Letter to the Editor
Characterization of Pfiesteria Ichthyocidal Activity

Drgon et al. (4) concluded that the “aquarium bioassay
format is unsuitable to accurately assess the ichthyocidal activ-
ity of Pfiesteria spp.” and “ichthyocidal activity of Pfiesteria spp.
is mostly due to direct interactions of the zoospores with fish
skin and gill epithelia rather than to soluble factors.” These
conclusions are not justified, because microbial community
analyses of control aquariums were not included and previous
studies (5, 8) that utilized similar experimental approaches and
found significant (100%) fish death attributable to soluble fac-
tors were overlooked.

It is known a priori that aquariums containing fish or inoc-
ulated with whole sediment will develop a complex microbial
community. This has been previously noted for the aquarium
bioassay for Pfiesteria ichthyotoxicity (2). Given this complex-
ity, a key factor in attributing fish death to Pfiesteria spp. is the
difference between Pfiesteria- or sediment-inoculated aquari-
ums and corresponding controls.

Drgon et al. focused on the presence of potentially patho-
genic Vibrio spp. in experimental aquariums as a problem with
attributing fish death to Pfiesteria spp. A recently published
study of which the authors would not have been aware (1)
showed that Vibrio spp. can be more abundant in control
aquariums where fish remain healthy, and a previous publica-
tion showed that total bacterial numbers do not differ signifi-
cantly between experimental aquariums with Pfiesteria spp. and
control aquariums (7). Denaturing gradient gel electrophoresis
of bacterial assemblages from control and experimental aquar-
iums has shown that there is no consistent difference in com-
munity composition between experimental and control aquar-
iums (1). These studies illustrate the importance of
comparison between microbial communities in aquariums in-
oculated with clonal Pfiesteria cultures or sediment and corre-
sponding controls. The organisms that toxic aquariums consis-
tently have in common and that are absent from controls are
Pfiesteria spp., implicating Pfiesteria spp. in fish death.

Drgon et al. concluded that most of the fish death in aquar-
iums containing Pfiesteria spp. requires direct contact between
fish and Pfiesteria spp. While this was true for their experiment
and is consistent with another recent study that utilized similar
methods (6), the authors failed to cite earlier publications that
showed up to 100% death of finfish in cell-free filtrates from
toxic Pfiesteria cultures (5) and 100% death of bivalve larvae in
containers where toxic Pfiesteria spp. were held in dialysis tub-
ing (molecular mass cutoff, 12 to 14 kDa) (5). Their results
should have been discussed in the context of these previous
studies using different Pfiesteria strains, where mortality was
mostly attributable to soluble factors.

In summary, the article by Drgon et al. is flawed, since data
on microbial communities in controls corresponding to sedi-
ment- or Pfiesteria-inoculated aquariums were not included.
Thus, no conclusion regarding the suitability of the aquarium
bioassay format can be made from their study. The authors
also failed to acknowledge previous publications that showed
high mortality in cell-free filtrates from toxic Pfiesteria sp. cul-
tures. When the available data are objectively considered, the
conclusion that emerges is that toxicity by Pfiesteria spp. is
mediated by both direct contact and soluble toxic factors. The
relative contribution of each depends on the Pfiesteria strains

studied, culture history, and methods utilized to detect soluble
toxins (1, 3).
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Authors’ Reply

Gordon et al. criticize the conclusions of Drgon et al. (6) for
concluding that the aquarium bioassays are unsuitable for Pfi-
esteria ichthyocidal activity determination.

Gordon et al. should recognize the work by Quesenberry et
al. (10), which demonstrates (i) the diverse microbial compo-
sitions of control and experimental flask bioassays, (ii) the
distinct microflora contributed by experimental fish, and (iii)
the dramatic fluctuation of the microbial assemblages during
the course of the experiment.

In Drgon et al. (6), the microbial assemblage was assessed by
amplicon length heterogeneity fingerprinting (see Fig. 5 in the
cited article) and sequence analysis (see Tables 1 and 2 in the
cited article), and the results confirmed previous findings (10).
Furthermore, Burkholder et al. (4) also reported different mi-
crobial denaturing gradient gel electrophoresis patterns for
each aquarium, whether toxic or nontoxic, that are indicative
of variable microbial compositions (curiously cited as support-
ing Gordon et al.). Thus, the proposal made by Gordon et al.
to match control and experimental aquaria (1–4, 7–9, 11) is
unrealistic. The idea that analysis of experimental results can
be based on the abovementioned flawed controls, as proposed
by Gordon et al., is very dangerous, as it leads to selective
interpretation of the data.

Gordon et al. suggest that Drgon et al. are misguided in their
consideration of microbial pathogens in experimental aquaria.
However, the presence of Vibrio spp. was never concluded to
be the source of the ichthyocidal activity, but it was rather
emphasized that this could be equally attributed to other pu-
tative pathogens in the system (6).

Gordon et al. point out that Drgon et al. failed to cite earlier
studies which demonstrated 100% death of finfish and bivalve
larvae in a cell-free fraction of toxic Pfiesteria spp. (5, 8, 11).
Drgon et al. made great efforts to cite all published relevant
work. However, studies lacking any characterization of the
microbial assemblage in the bioassay (8, 11) were not relevant
for comparison. Even if there was a soluble ichthyocidal agent
as they concluded, it cannot be rigorously attributed to Pfies-
teria spp. without characterizing the composition of the micro-
bial community. Gordon and Dyer reported substantial drops
(70 to 90%, approximately) in fish mortality in assay aquaria
when fish were separated from the environment by membranes
(7), which is strikingly similar to the results reported by Drgon
et al. Consequently, Drgon et al. concluded that most of the
ichthyocidal activity was caused by direct contact of the experi-
mental fish with Pfiesteria spp. and other established pathogens
present in the assay and not by an organism(s)-associated
toxin. In contrast, Gordon and Dyer attributed all the ichthyo-
cidal activity to a Pfiesteria-associated exotoxin. Their conclu-
sions are unjustified and emphasize the fact that these micro-
bial communities are so complex that it would be surprising if
orphan toxic compounds were not present in the bioassay.

In summary, it should be clearly understood that Drgon et
al. do not rule out the potential contribution of Pfiesteria spp.
to the observed fish deaths. However, there is no rigorous
scientific justification for attributing soluble ichthyocidal activ-
ity to the presence of any specific organism in the bioassay,
including Pfiesteria spp. The value of the controls proposed by
Gordon et al. is limited at best. In the absence of a character-
ized bona fide Pfiesteria toxin and biochemical tools to assess
its concentrations in the bioassay and of establishing the causal
relationships of its proposed activity, it must be concluded that
the fish tank bioassay is unsuitable for assessing Pfiesteria-
caused fish deaths and any related phenomena.

REFERENCES

1. Burkholder, J. M., H. B. Glasgow, N. J. Deamer-Melia, J. Springer, M. W.
Parrow, C. Zhang, and P. J. Cancellieri. 2001. Species of the toxic Pfiesteria
complex, and the importance of functional type in data interpretation. En-
viron. Health Perspect. 109(Suppl. 5):667–679.

2. Burkholder, J. M., H. B. Glasgow, and C. W. Hobbs. 1995. Fish kills linked
to a toxic ambush-predator dinoflagellate: distribution and environmental
conditions. Mar. Ecol. Prog. Ser. 124:43–61.

3. Burkholder, J. M., and H. B. Glasgow, Jr. 1997. Trophic controls on stage
transformations of a toxic ambush-predator dinoflagellate. J. Eukaryot. Mi-
crobiol. 44:200–205.

4. Burkholder, J. M., A. S. Gordon, P. D. Moeller, J. M. Law, K. J. Coyne, A. J.
Lewitus, J. S. Ramsdell, H. G. Marshall, N. J. Deamer, S. C. Cary, J. W.
Kempton, S. L. Morton, and P. A. Rublee. 2005. Demonstration of toxicity to
fish and to mammalian cells by Pfiesteria species: comparison of assay meth-
ods and strains. Proc. Natl. Acad. Sci. USA 102:3471–3476.

5. Burkholder, J. M., H. G. Marshall, H. B. Glasgow, D. W. Seaborn, and N. J.
Deamer-Melia. 2001. The standardized fish bioassay procedure for detecting
and culturing actively toxic Pfiesteria, used by two reference laboratories for
atlantic and gulf coast states. Environ. Health Perspect. 109(Suppl. 5):745–756.

6. Drgon, T., K. Saito, P. M. Gillevet, M. Sikaroodi, B. Whitaker, D. N. Kru-
patkina, F. Argemi, and G. R. Vasta. 2005. Characterization of ichthyocidal
activity of Pfiesteria piscicida: dependence on the dinospore cell density.
Appl. Environ. Microbiol. 71:519–529.

7. Gordon, A. S., and B. J. Dyer. 2005. Relative contribution of exotoxin and
micropredation to icthyotoxicity of two strains of Pfiesteria shumwayae (Di-
nophyceae). Harmful Algae 4:423–431.

8. Gordon, A. S., B. J. Dyer, D. W. Seaborn, and H. G. Marshall. 2002. Com-
parative toxicity of Pfiesteria spp., prolonging toxicity of P. piscicida in culture
and evaluation of toxin(s) stability. Harmful Algae 1:85–94.

9. Marshall, H. G., A. S. Gordon, D. W. Seaborn, B. J. Dyer, W. M. Dunstan,
and A. M. Seaborn. 2000. Comparative culture and toxicity studies between
the toxic dinoflagellate Pfiesteria piscicida and a morphologically similar
cryptoperidiniopsoid dinoflagellate. J. Exp. Mar. Biol. Ecol. 255:51–74.

10. Quesenberry, M., K. Saito, D. N. Krupatkina, J. A. F. Robledo, T. Drgon,
W. T. Pecher, N. O’Leary, M. Alavi, T. Miller, R. Schneider, R. Belas, J.
Deeds, A. Place, Y. Zohar, and G. R. Vasta. 2002. Bioassay for ichthyocidal
activity of Pfiesteria piscicida: characterization of a culture flask assay format.
J. Appl. Phycol. 14:241–245.

11. Springer, J. J., S. E. Shumway, J. M. Burkholder, and H. B. Glasgow. 2002.
Interactions between the toxic estuarine dinoflagellate Pfiesteria piscicida
and two species of bivalve molluscs. Mar. Ecol. Prog. Ser. 245:1–10.

Tomás Drgon†
Center of Marine Biotechnology
University of Maryland Biotechnology Institute
701 East Pratt Street
Baltimore, Maryland 21202
Keiko Saito
Center of Marine Biotechnology
University of Maryland Biotechnology Institute
701 East Pratt Street
Baltimore, Maryland 21202
Patrick M. Gillevet
Environmental Biocomplexity
Department of Environmental Sciences and Policy
George Mason University
10900 University Boulevard
Manassas, Virginia 20110
Masoumeh Sikaroodi
Environmental Biocomplexity
Department of Environmental Sciences and Policy
George Mason University
10900 University Boulevard
Manassas, Virginia 20110
Gerardo R. Vasta*
Center of Marine Biotechnology
University of Maryland Biotechnology Institute
701 East Pratt Street
Baltimore, Maryland 21202

*Phone: (410) 234-8826
Fax: (410) 234-8896
E-mail: vasta@umbi.umd.edu.

† Present address: National Institute on Drug Abuse, Baltimore,
MD 21224.

6464 LETTER TO THE EDITOR APPL. ENVIRON. MICROBIOL.


	Old Dominion University
	ODU Digital Commons
	10-2005

	Characterization of Pfiesteria Ichthyocidal Activity
	Andrew S. Gordon
	Harold G. Marshall
	Sandra E. Shumway
	Kathryn J. Coyne
	Alan J. Lewitus
	See next page for additional authors
	Repository Citation
	Original Publication Citation
	Authors


	tmp.1455808750.pdf.ad3ML

