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Vacuolar Myelinopathy (VM)

1994-2025  Past, Present, Future
1. Reservoir monitoring
2.Field studies
3. Food chain transfer trials
4.Expanding locations
5.Toxin discovery
6. More taxa affected-- VM
7. Managing invasive SAV --reservoirs
8.Aquatic mammals and Human health concerns
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Bird species with AVM brain lesions



Harmful cyanobacteria growing on 

invasive aquatic plants-- AVM sites
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Aetokthonos hydrillicola

(eagle-killer living on Hydrilla)











Amscope epifluorescent light 
microscope with filter to visualize 

phycocyanin pigments

Visual Screening

NIGHTSEA Xite Fluorescent 
Flashlight system emitting green light 

with red barrier glasses
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Expanding AETX Food Web 
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Hydrilla distribution A. hydrillicola Distribution



Florida Snail Kite

Rostrhamus sociabilis

• Snail kites endangered in Florida

• Apple snails >99% of snail kite diet

• Kites forced to switch to exotic snail

Expanding risk to endangered species

P. maculata P. paludosa

Apple snails readily consume 

hydrilla and other aquatic 

vegetation



• Experimental Groups

+ AVM site (hydrilla/cyano) Hexane

+ AVM site (hydrilla/cyano) Acetone

+ AVM site (hydrilla/cyano) Methanol

- Control (hydrilla) Hexane

- Control (hydrilla) Acetone

- Control (hydrilla) Methanol

• Mallards dosed 3x/wk for 4 wks

+ AVM(hydrilla/cyano) Methanol – all had AVM lesions

Wiley FE, Twiner MJ, Leighfield TA, Wilde SB, Van Dolah FM, Fischer JR, Bowerman

WW. 2009. An Extract of Hydrilla verticillata and Associated Epiphytes Induces Avian 

Vacuolar Myelinopathy in Laboratory Mallards. Environ Toxicol 24:362-368.

Laboratory Toxin Trial
AVM+

Control

1. ‘AVM +’ 

hydrilla

material fed 

to apple 

snails

1. ‘AVM –’ 

hydrilla

material fed 

to apple 

snails

2. Apple 

snails fed to 

chickens

2. Apple 

snails fed to 

chickens

Hydrilla + A.h. Hydrilla, no A.h.

Expanding food chain



• Hydrilla/Ah laboratory trials confirm that VM toxin 

AETX can be transferred through an invertebrate

Dodd, SR, RS Haynie, SM Williams, and SB. Wilde (2016).  Alternate food-chain transfer of 

the toxin linked to Avian Vacuolar Myelinopathy (AVM) and implications for endangered 

Florida snail kite, Rosthramus sociabilis.  Journal of Wildlife Diseases. 

Difficult to recover sick or 

deceased snail kites for 

histological diagnosis.  

AETX

AETX
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Maxent model Hydrilla + Aetokthonos hydrillicola



Aetokthonos 
sp. ?

Yes No

CT 12

FL 1 1

KY 3

LA 7 3

MA 2

MD 5

NC 1 4

NY 3 8

OH 1

OK 3

PA 7

SC 4

TX 10 12

Grand Total 25 62

Lake Sebago hydrilla invasion
3 sites
Aetokthonos sp present
AETX negative HPLC
Genetic detection LAMP negative
Culturing- submit for genomic sequence

2021-2024.   USGS AIS funded project



EAGLE KILLER 
TOXIN



Zebrafish behavior after 24 hr exposure (7 days old)

Solvent Control VM toxin Exposed



AP-MALDI-MSI of A. hydrillicola colonies growing on H. 
verticillata reveals a cyanobacterium-specific metabolite

(A). A. hydrillicola colonies on
H. verticillata leaf. 

(B) Blue outline region --
pentabrominated metabolite 
associated with the 
cyanobacterial colony.

(C) AP-MALDI image showing 
the spatial distribution of AETX

(D) Overlay of micrograph and 
m/z feature 649.6382 ± 2 ppm.



Source of Bromide 
hydrilla >sediment>water

VM-negative reservoir VM-positive reservoir

Wes Gerrin



(A) Planar structure and (B) X-ray crystallography 
structure of aetokthonotoxin (AETX)



Chickens exposed to Aetokthonotoxin develop VM

Control
Hydrilla + A. hydrillicola

+ Aetokthonotoxin Aetokthonotoxin



Transmission 
Electron 
Microscopy(TEM) 
confirmed 
intramyelenic 
edema from 
AETX exposure
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Species

Hydrilla Shiners Bluegill Redear Largemouth Warmouth

*
*

Aetokthonotoxin in wild fish tissue

MS Thesis
Alex Pelletier



Aetokthonotoxin in wild coot tissue

Fig. S5. Tissue screening for aetokthonotoxin (AETX) of wild American Coots (Fulica americana) succumbed to Vacuolar Myelinopathy

(VM). A targeted mass spectrometry analysis (HPLC-SRM-MS) was carried out to selectively screen the tissues for AETX presence.

Chromatograms show the SRM traces of most intense fragments (m/z 570, m/z 491) of the AETX parent ion. (A) AETX standard (tR 10.44

min). (B) Liver tissue extract. (C) Breast tissue extract. (D) Thigh tissue extract.

Aetokthonotoxin standard 
1.0 ppm

Coot liver

Coot breast tissue

Coot thigh tissue

Breinlinger S, T Phillips, B Haram, J Mareš, JA Martínez Yerena, P Hrouzek, R Sobotka, WM Henderson, P Schmieder, SM Williams, JD 
Lauderdale, HD Wilde, W Gerrin, A Kust, C Wagner, B Geier, M Liebeke, H Enke, THJ Niedermeyer, SB Wilde. (submitted 10/29/20).   Hunting 
down the eagle killer: A novel cyanobacterial neurotoxin causes Vacuolar Myelinopathy.   Science.



• Aetokthonotoxin (AETX) 
is a neurotoxic, lipophilic 
compound, not water 
soluble.

• Trophic transfer 
confirmed

• Accumulation of AETX in 
wild game and fish.



More than just an eagle killer: The freshwater cyanobacterium Aetokthonos
hydrillicola produces highly toxic dolastatin derivatives
Markus Schwark https://orcid.org/0000-0002-8340-200X, José A. Martínez 

Yerena https://orcid.org/0000-0002-7523-
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H. J. Niedermeyer .2219230120
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https://doi.org/10.1073/pnas.2219230120




Outreach 
Education 
Teaching 
about VM 
with animals
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August 2024





Erika Klar. LAMP development

M.S. December 2024

emk70547@uga.edu



Molecular Assay

LAMP (Loop 
Mediated Isothermal 

Amplification)

• Portable

• More specific, useful 
for field extractions, 6-
8 target regions

• Rapid

PCR (Polymerase Chain 
Reaction)

• Not Portable

• Specific, 1 target region

• Time Consuming



AETX Extraction

• 1.0 g skeletal muscle or 
liver – homogenize

• Organic solvent 
extraction

• Solid Phase Extraction 
(SPE)

• Liquid chromatography 
with tandem mass 
spectrometry (LC –
MS/MS)



Seth McWhorter, PhD 2025
Moving Forward Faster...

• QuEChERS Sample Preparation 
(Quick, Easy, Cheap, Effective, 
Rugged, Safe)

• MALDI (Matrix Assisted Laser 
Desorption / Ionization)

• Additional HPLC testing

Grant NIH S10 OD025118
Bruker Solarix XR 12 T FTICR MS

Fourier-transform ion cyclotron resonance



Lethargic beaver recovered from AVM positive 

site during late fall

J. Strom Thurmond Reservoir

Expanding Food Chain



Gut contents of neurologically impaired beaver 
Aetokthonos

hydrillicola

Hydrilla spine 

Southeastern Cooperative Wildlife Disease Study 

pathologists documented severe vacuolar changes in the 

white matter of the brain on light microscopy, but were 

unable to confirm AVM lesions under electron microscopy



Normal beaver histology cerebrum



White matter vacuolation

cerebellum

cerebrum





Florida Panther (Puma 
concolor coryi) and Bobcat 
(Lynx rufus)
• Feline Leukomyelopathy (FLM) 

unknown cause since 2017

• Symmetric degradation of axons 
and myelin in CNS

• 75 cases: 31 panthers, 44 bobcats

• Tissues sent to Wilde Lab for AETX 
analysis





https://www.eddmaps.org/distribution/viewmap.cfm?sub=3028





WHO, WHAT, WHERE, WHEN, HOW? Graduate Students Vacuolar 
Myelinopathy Research

Cassidy Brown, MS

AETX and Wood ducks
Tobias Haymes, MS

Mammals and VM



Thursday, April 10
Jeffrey Cullen
Doctoral Dissertation Defense
“Exposure Assessment and Trophic Distribution of 
Aetokthonotoxin in a Freshwater System”

Friday, April 4
Cassidy Gabrielle Brown
Master Thesis Defense
“Wood Duck (AIX SPONSA) Artificial Nest Box 
Success and Productivity Assessment Across the 
Piedmont of Georgia”

Wednesday, April 2
Tobias Elliott Haymes
Master of Science Thesis Defense
“Aetokthonotoxin in Mammals: An Experimental and 
Exploratory Analysis”



Florida Panther 1023 ppb

43 ppb

Coyote 8 ppb

Bald eagle 13 ppb

14 ppb

Beaver 198 ppb

Mouse trial 1000 ppb

Bobcat 100 ppbMallard 40 ppb

Coot 526 ppb

Warmouth sunfish 120 ppb bluegill sunfish 80 ppb

Python tail 14 ppb

Preliminary maximum AETX concentration in fish and wildlife tissues

Wood duck eggs 40 ppb

Hydrilla AETX concentration >5000 ppb



Sediment AETX concentration 18 ppm



Laboratory 
Mouse Trials

• 14 d gavage trial

Crude extract (AETX 
+AEST+…)

Control

5, 10, 20 ppm AETX



Initial Limit Test AETX

• 3 dose levels + control – 0, 5, 10, 20 
mg/kg by weight AETX

• Include crude extract

• Oral gavage

• 2 mice per group

• Monitored 2x daily for 14 days

• Necropsy, fix brain tissue for EM

• Histological examination - SCWDS



Figure 2. Plot of aetokthonotoxin (AETX) concentrations found in mice tissues (muscle 
and liver) after a 2-week acute oral toxicity trial. Values obtained using a modified 
QuEChERS extraction protocol followed by high-performance liquid chromatography 
with tandem mass spectrometry (Agilent Triple-Quadropole LC-MS). Mice were dosed 
with 5, 10, and 20 mg/kg AETX. The concentrations seen from a 20 mg/kg-dosed mouse 
were far above the standard curve (>1000 ug/kg), and were omitted from the figure for 
visual purposes.



Figure 1. Histologic sections of mouse brains, at similar levels, stained with 
hematoxylin and eosin. Figure A shows a mouse dosed with a solvent control which has 
no vacuolation of white matter. In contrast, Figure B shows a mouse dosed with 10 
mg/kg aetokthonotoxin (AETX) that has severe vacuolation throughout the white matter 
of the hippocampus and optic tract.

Control 10 mg/km AETX



Are hunters and anglers at risk?

Expanding “Eagle-killer” aetokthonotoxin contaminated  food chain…

Aquatic mammals

• Game waterfowl 

• Are fish and waterfowl living in these 
reservoirs safe to consume?

Game fish

AETX



Susan B. Wilde
Warnell School of Forestry and Natural Resources

180 East Green Street

University of Georgia

Athens, GA 30602-2152

Cell:  706-247-5912

swilde@uga.edu

Contact Information

swilde@uga.edu

• Please help expand VM survey efforts

• Send hydrilla for screening during October-December

• Email swilde@uga.edu for collection and shipping information
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Source: Skip Snow, Everglades National Park and Dr. Stephan Secor, University of Alabama.


