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§ Both are mammals and respond similarly to diseases, toxins or 
other insults

§ We eat the same food

§ Social interaction is similar – disease epidemiology is 
comparable

§ Emerging diseases are appearing in MMs just as in the human 
population

§ Climate change is impacting disease occurrence in both

Commonalities between MMs and us 
The Marine 
Mammal Center. 



§ Cancer Research. ✔
• Sea lion urogenital carcinoma
• Other cancers eg northern elephant seal neonatal leukemia/lymphoma

§ Emerging/evolving infectious diseases
• Infectious diseases

• Leptospirosis (Weil’s disease)✔
• Klebsiella pneumoniae (HMV genetic variant) ✔
• Pasteurellosis (avian cholera)
• Brucellosis
• Coccidioidomycosis (Valley Fever)
• Coronaviruses
• Morbilliviruses
• Protozoa (Toxoplasmosis, Sarcocystosis)✔
• Parasites - Nematodes (eg Hepatic capillariasis, Otostrongyliasis)

TMMC’s pathology research 

I 
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§ Toxins
• Harmful Algal Blooms (Domoic acid, saxitoxin and others) ✔
• Fluorosis in CSLs ✔

§ Influence of environmental change on health
• Fresh Water Skin Disease in coastal cetaceans
• Climate change and narwhals

§ Unusual Mortality Events
• Gray whales ✔
• Guadalupe fur seals
• Arctic phocid alopecia

TMMC’s pathology research

I 

I 

I 

The Marine 
Mammal Center 



CANCER
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§ Sea lion Urogenital Carcinoma (UGC)
• What is it?
• How is it related to cancer in people?
• What have we found?
• What is new
• Future directions

• Other kinds of cancer
• Leukemia and lymphoma in elephant seal pups

Cancer The Marine 
Mammal Center. 



UGC
Multifactorial Cancer similar to cervical cancer in 
humans

§ Herpesvirus (OtHV-1)
§ Pollutants (POPs - persistent organic pollutants)
§ Genetics (inbreeding) may have a lesser role

Up to 25% of adult CSLs necropsied at TMMC have it
§ About 18% have metastatic disease that causes death directly 

or indirectly,
§ The rest have subclinical cancer detected by microscopy when 

they die for another reason.

To put these numbers in context, according to WHO, cervical cancer in women 
which is regarded as having a high case fatality rate, causes 13.3 deaths per 
100,000 globally each year. That would be an incidence rate of around 0.013%

~ The Maarli i~nter. A1 •v1amm 
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In June and July this year, we saw an unprecedented number of cancer cases
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Freefly CSL 12736

Freefly was rescued in poor condition 
and with swelling (edema) of her vulva.



Birdman CSL 12778

Birdman, a subadult male, 
presented like Freefly with 
depression and a swollen 
hind end.



In females the primary site is 
usually the cervix as for women 
with cervical cancer

Liver metastasis

Kidney mets

Hydronephrosis common 
sequel to lymph node 
enlargement



Male CSL Sinha, CSL-14983 

A 

Testicle 

Urinary bladder 

Metastatic urogenital carcinoma in the sublumbar lymph nodes (black 
arrow) with hydroureter (arrow) and hydronephrosis (red arrow). 

B 

Primary site of the carcinoma (arrow) 
as a small plaque on the glans penis. 



CSL Freefly: Cervix section Dysplastic surface epithelium

Progression to carcinoma in situ 
(still within the epithelium)

Sub epithelial inflammation
(Mostly lymphocytes and plasma cells) 



Birdman: Prepuce Dysplastic epithelium

Carcinoma metastases 
in lymphatic vessels



Metastasis in a lymphatic Birdman: Prepuce
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UGC: Recent 
research….

• Dr Alissa Deming recently defended her 
Ph.D. through UF on the role of 
herpesvirus in the pathogenesis of UGC

• 20 year case-control study led by 
TMMC to investigate the relative 
contribution of multiple factors 
published in 2020.



Key Finding: The prevalence of UGC has not changed in the population over 
30 years of monitoring. Approx. 15% have advanced metastatic disease that 
is the cause of stranding and death but up to 25% have microscopic lesions 
that will progress (These early cases are discovered when the animal dies 
for some other reason).

A Tho "arine 
DOI: 10.7589/2017-08-208 jounwl of \\li[d/ife Diseases, 54(3), 2018, pp. 000-000 

© Wildlife Disease Association 2018 

Prevalence of Urog1enital Carcin,oma in Stranded California Sea Lions 
(Zalophus Californianus) from 2005-2015 

Alissa C. Deming,1
·2·5 Kathleen M. Colegrove,3 Padraig J. Duignan,2 Ailsa J. Hall,4 James F. X. Wellehan,1 

and Frances M. D. Gulland2 1University of Florida, College of Veterinary Medicine, Department of Comparative, 
Diagnostic, and Population Medicine, 2015 SW 16th Avenue, Gainesville, Florida 32608, USA; 2The Marine Mammal 
Center, 2000 Bunker Road, Sausalito, California 94965, USA; 3Zoological Pathology Program, College of Veterinary 
Medicine, University of Illinois at Urbana-Champaign, 3300 Golf Road Brookfield, Illinois 60513, USA; 4Sea Mammal 
Research Unit, Scottish Oceans Institute, University of St. Andrews, St. Andrews, UK; 5Corresponding author: (email: 
ademing@ufl.edu) 

al Center. 



Key Finding: The herpesvirus found in all cases of UGC (OtHV-1) has the same 
cancer-causing genes (oncogenes) as the herpesvirus of people (HV-8) that 
causes Kaposi’s sarcoma.

(Cervical cancer in women is also caused (95% of cases) by a virus but in that 
disease, it is Human papillomavirus, HPV)

animals 

Article 

Unlocking the Role of a Genital Herpesvirus, Otarine 
Herpesvirus 1, in California Sea Lion Cervical Cancer 

Alissa C. Deming 1, 2,3,*, James F. X. Wellehan 241, Kathleen M. Colegrove 4, Ailsa Hall 58 , Jennifer Luff 6, 

Linda Lowenstine 7, Padraig D uignan 3, Galaxia Cortes-Hinojosa 2,8E) and Frances M. D. Gulland 3,7G) 



In-situ hybridization experiment showing 
OtHV-1 mRNA expression in carcinoma in 
situ (CIN) and invasive carcinoma in the 
cervix. Rows 2, 3 and 4 are oncogenes and 
all are positive (compared to bottom row) 
for CIN and invasive carcinoma.
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Research Paper

This multi-year case-
control study 
involving hundreds of 
sea lions found a 
significant 
association with 
herpesvirus infection 
as expected but also 
with persistent 
organic pollutants 
from fish.

frontiers 
in Marine Science 

OPEN ACCESS 

Edited by: 
AM1Cyri/C8mus, 

UnivfJlsity of Georgia, l.h>ited States 

Reviewed by: 

Gail Schofield. 

ORIGINAL RESEARCH 
publohed: 10 December 2020 

deli: 10.3389/lmars.2020.602565 

Persistent Contaminants and 
Herpesvirus OtHV1 Are Positively 
Associated With Cancer in Wild 
California Sea Lions (Za/ophus 
californianus) 
Frances M. D. Gulland1.>•1 Ailsa J. Hall' , Gina M. Ylitalo', Kathleen M. Colegrove•, 
Tenaya Norris', Padraig J. Duignan ', Barbie Halaska ', Karina Acevedo Whitehouse '-', 
Unda J. Lowenstine2, Alissa C. Deming'•' and Teresa K. Rowles• 

' 1no Marif>e Mammal Ceflter SaUS81ito. Sausa4lo, Cl\, Unffed States. ' 01'I Hoo/th 1ns11tu10, Un/Yetslty of C81/fom/a, ~­

o,,,,;,;, CA, United States, • Sea Mammal Re$earch l.h>it, ScottiSh Oc<lons fns6tute. UnivG'sffy of St M&ews, St Anal'ews, 
United Kingdom, • fnwonm8t>lal and Flshorlos Sciences ™5/on, Nol1/!Wost Rsherlos Science Cente,; Natk!nal Marino 
F,sherfes S"'11ic<l/Nationat Oceanic and Atmospheric AdmifliStrstlon (NMFS/NOAA), Seattle, WA, l.h>ited States, • Zootog;cal 
Pathology Program. College of Vererins,y Medic/no University of Illinois at Ulbana•Champa/gn. Brool<field, IL. United States, 
• Faw/lad do C,;enc;a.s Nalura/eS, Aulonomoos University of Oueralaro. °"81etaro, Mexico. , 0:,/lege of ¼>tema,y M-. 
Univ6'sffy of Florida, G-v~. FL. United Stales. • 0/liCe of Prclecled ~ - Nati;>nal Matit>e F- Serviee. 
Natk!nal Oceot,lc and AlmOsp/leric Admlnistrstlon. $/Ive, Spring, MO, United States 
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• Based	on	394	sea	lion	necropsies	
conducted	over	20	years,	for	each	unit	
increase	in	the	concentration	of	POPs	
in	the	body	fat,	the	odds	of	developing	
cancer	increased	by	28%.

• With a low concentration of 
contaminants, the probability of 
cancer is approx. 30%.

• With a high concentration of 
contaminants, the probability of 
cancer increases to 80%. 

Probability of cancer in Cal ifornia sea lions 
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~ Sea lions are dying from a mysterious cancer. The culprits? 
Herpes and DDT 

The Marine MammaJ Center·s chief pathologist Padraig Duignan. right. and fellow Maggie MartinE:z perlo,m a necropsy oo a 
California sea lion that was euth.m ized due to untreatable cancer. (Bill Hunnewell/ Marine Mammal Center) 

BY ROSANNA XIA I STAFF WRITER 

JAN. 31, 2021 6 AM PT 

SUBSCRIBERS ARE REAOING 

OPINION 

Op-Ed: On the front lines, here's what the 
seven stages of severe COVID-19 look like 

CALIFORNIA 

Prayer and po liticking: Churches become a 
center of the California recall campaign 

CALlfORNIA 

Mu coronavirus variant recorded in 167 people 
in L.A. County 

LIFESTYLE 

FOR SUBSCRIBERS 

35 of the coolest plant shops you can find 
only in L.A. 

WORLO & NATION 

As El Salvador adopts bitcoin. its young 
president is dismantl ing democracy 

AOVERTISEMENT .. 

L 

ne 
Center. 



Health effects of DDX chemicals

qReproduction
q Premature parturition in CSL (De Long et al., 1973)

qEndocrine Disruption 
q Decrease in circulating thyroid hormones (Debrier et al., 2005)

qImmune Function
q Altered NK and lymphocyte proliferation in vitro. PCB congener specific effects 

(Penin et al., 2018)
qEnhancement of seizures in domoic acid exposure cases?

q zebrafish model (Tiedeken & Ramsdell 2009)
qCancer

The Marine 
Mammal Center. 



1 million gallons of DDT 

waste generated annually by 

Montrose Chemical Corp.
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Assessing Marine Endocrine-Disrupting Chemicals in the Critically 
Endangered California Condor: Implications for Reintroduction to 
Coastal Environments 
Margaret E. Stack, Jennifer M. Cossaboon, Christopher W. Tubbs, L. Ignacio Vilchis, Rachel G. Felton, Jade L. Johnson, 
Kerri Danil, Gisela Heckel, Eunha Hoh, and Nathan G. Dodder* 

el Cite this: Environ. Sci. Technol. 2022, XXXX, XXX, Article Views Altmetric Citations 
vvv_vvv D CllW.t..tt & tNV~ltOIT 

The Marine 
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~ Scientists find new and 1nysterious DDT chemicals 
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§ Developing a cytology-based method of detecting early cancer 
change in living animals (PAP smear for sea lions)

§ On-going research into the genetics of carcinoma with the Breen 
Lab, North Carolina State University

§ UGC as a model for studying the mechanisms of carcinoma 
metastasis

§ Role of newly discovered DDT related compounds (~45) in 
causing adverse health effects.

Ongoing & Future Directions 
The Marine 
Mammal Center. 



California Sea Grant proposal – successfully funded 2023
Hazard assessment of deep ocean DDT disposal: Defining biomagnified DDT+ chemical 
profiles and investigating the health impacts on sentinel wildlife species and humans __________ ) \..._ ____________ _ 

( AIM 1 ') AIM 2 
Select wildlife samples with 
health records, histology, 
pathology, etc. to make 
associations between DDT+ 
exposure and health outcomes 

t Multifactorial analysis of t 
Quantify DDT+ in marine marine mammal necropsy/ 

mammals, birds, and fish ___., pathology data to determine ~ 
using targeted and health impacts of DDT+ on 
nontargeted analysis real world samples 

CURRENT LEVELS 

Sportfish (chub mackerel, 
sanddab, halibut): current DDT+ 
levels for human exposure 
assessment 

Diving birds (pelicans, common 
murres, Brandt's cormorant): 
DDT+ burden for identifying ideal 
sentinel bird species 

TEMPORAL/ 
GEOGRAPHIC 
TRENDS 

Cetaceans (short-beaked 
common dolphins): 
temporal trend of DDT+ 

California condors: 
temporal trend of DDT+ 

Sea lion pups: spatial 
differences of DDT+ 

DELIVERABLES 

Determine human exposure risk to DDT+ 

Define baseline (i.e., current) levels and temporal/spatial 
trend of DDT+ in sentinel and indicator species 

Determine association between DDT+ and wildlife 
health effects 

Sea lions: 
cancer prevalence 

and DDT+ 

Callfornla condors: 
DDT+ impacts on 
reproduction 

RISK ANALYSIS/ 

COMMUNICATION 

Native American Indigenous 
tribal community involvement 

and education 

Children's book 

San Diego Zoo public 
outreach/education 

Examine the reproductive and developmental 
toxicity of DDT+ using model systems applicable 
to human and ecological health 

REPRODUCTION 

Cell-based assays: 
quantify human and 
condor estrogen 
receptor responses to 
individual DDT+ 

HEALTH RISKS 

DEVELOPMENT 

Zebrafish embryotoxicity test: 
characterize dose-response of 
individual DDT+ 

Transcriptomics: identify 
modes of act ion 

Sentinel species & fish: calculate 
exposure estimates for DDT+ 

Hazard assessment: estimate 
hazards posed hy individual DDT+ 

DELIVERABLES 

Identify reproductive health hazards posed by exposures to DDT+ 

Provide quantitative toxicological data that can be used 
to inform risk assessments 

Compare and contrast DDT+ modes of action and toxicological 
data to prioritize and rank DDT+ compounds for human and 

ecological health risk 

The Marine 
Mammal Center 



New Cancer: Lymphoma in NES pups
Two male NES pups 

§ 2020 San Luis Obispo, CA
§ 2021 Santa Cruz, CA

https://www.usgs.gov/centers/pcmsc/science/cosmos-31-central-
california?qt-science_center_objects=0#qt-science_center_objects

The Marine 
Mammal Center. 



Vol. 149:59-70,2022 
https://doi.org/10.3354/dao03662 

DISEASES OF AQUATIC ORGANISMS 
Dis Aquat Org 

Published online May 24 

OPEN C:\/f' 
ACCESS ~'!f 

Diffuse large B cell lymphoma and a novel 
gammaherpesvirus in northern elephant seals 

Mirounga angustirostris 

Margaret E. Martinez1·*, Nicole I. Stacy2
, James F. X. Wellehan Jr.2

, Linda L. Archer2
, 

Salvatore Frasca Jr.3 , Carlos Rios1
, Emily J. Trumbull1

•
4

, Michelle Rivard1
, 

Emily R. Whi tmer1
, Cara L. Field 1, Padraig J. Duignan 1 

1The Marine Mammal Center, Sausalito, California 94965, USA 
2College of Veterinary Medicine, University of Florida, Gainesville, Florida 32608, USA 

3Connecticut Veterinary Medical Diagnostic Laboratory, Department of Pathobiology and Veterinary Science, 
University of Connecticut, Storrs, Connecticut 06269, USA 

4SeaWorld, San Antonio, Texas 78251, USA 

11) 
Check for 
updates 



Pathology

Fig. 2 
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§ Does this new gamma herpesvirus (called 
miroungine herpesvirus 3 or MirGHV3) also 
carry oncogenes like OtHV1?

§ Do contaminants play a role in the development 
of cancer?

§ How prevalent is MirGHV3 in the elephant seal 
population?

Research Questions
The Marine 
Mammal Center. 



Lab test will be used to 
determine the 
prevalence of the virus 
in the NES population

DOI: 10.7589/JWD-D-22-00030 Journal of Wildlife Diseases, 59(1), 202.3, pp. 000--000 
© Wildlife Disease Association 202.3 

DEVELOPMENT AND VALIDATION OF A NOVEL DUPLEX PROBE­
HYBRIDIZATION QUANTITATIVE PCR FOR LYMPHOMA-ASSOCIATED 
MIROUNGINE GAMMAHERPESVIRUS 3 IN NORTHERN ELEPHANT 
SEALS (MIROUNGA ANGUSTIROSTRIS) 

Molly Horgan, 1 Margaret E. Martinez,2 Linda L. Archer, 1 Padraig J. Duignan,2 and James F. X. 
Wellehan Jr.1

·
3 

1 Department of Comparative, Diagnostic, and Population Medicine, University of Florida, College of Veterinary Medicine, 
Gainesville, Florida 32610, USA 
2 The Marine Mammal Center, 2000 Bunker Road, Sausalito, California 94965, USA 
3 Corresponding author (email: wellehanj@ufl.edu) 

ABSTRACT : Recently, a novel gammaherpesvirus, miroungine garnmaherpesvirus 3 (MirGHV3), was 
described in two juvenile elephant seals (Mirounga angustirostris ) witl1 diffuse large B-cell lymphoma. 
Vle developed and validated a quantitative (q)PCR for rapid detection of MirGHV3 and investigated its 
potential association with lymphoma. We developed a duplex probe-hybridization qPCR with 
MirGHV3 DNA polymerase (pol) as the target gene. Each primer- probe combination was cross­
validated against the others. Interference was not seen when they were run in the same well as a duplex 
assay. Twenty-three samples from seven northern elephant seals were tested using the duplex assay. 
Viral DNA was detected by tl1e assay in 9 of 9 (100%) tissues affected by lymphoma and in 6 of 14 
(43%) samples from tissues unaffected by lymphoma. There was a sb·ong correlation between viral 
copies detected with each of the assays (P=<l0002). Viral load was significantly higher in tissues affected 
by lymphoma than in those unaffected (P<0.0001). Excluding the virus-negative samples, viral load was 
still significantly higher in tissues affected by lymphoma tlrnn in tl1ose unaffected (P=0.0004). This is 
consistent vvith a potential role of MirGHV3 in oncogenesis in northern elephant seals, although more 
studies are needed to determine this definitively. The qPCR developed has utility for further 
investigations of MirGHV3. 

Key words: Elephant seal, gammaherpesvirus, lymphoma, Mirounga angustirostris, oncogenesis. 
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LEPTOSPIROSIS
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Leptospirosis in California sea lions The Marine 
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o Leptospira interrogans Pomona has been causing periodic 
epidemics in sea lions since at least the early 1970s

o In past decade, a ”fade-out” phenomenon was observed in 
which infection disappeared completely from the population.

o This has been shown to be linked to changed in the NE 
Pacific ecosystem that appear to be climate driven.

o When the disease reappeared, there were some difference in 
the pathology observed

The Marine 
Mammal Center. 



Pathology

Normal sea lion kidney

Leptospirosis kidney

Expanded pale cortices
(Inflammation)

Hemorrhage at the 
cortico-medullary 
junction

Marine mammal kidneys have a ”reniculate” 
structure like a bunch of grapes and each 
“grape” is an individual kidney unit with its own 
cortex, medulla and pelvis.

The Marine 
Mammal Center 



Acute Tubular Necrosis
-n,e Marine 

ammal Center 



Special stains to reveal leptospires

Silver Stain: Non specific for 
leptospires (Black) Immunohistochemistry specifically 

detects Leptospira antigen (Red) 

Stain 
concentrated in 
tubules

Glomeruli not 
stained

The Marine 
Mammal Center. 



§ Tubulointerstitial nephritis
Acute tubular necrosis with sloughing of necrotic epithelial cells 
and replacement by re-epithelization
Leptospires demonstrable in the lumen
Pleocellular (mixed) leukocytic infiltration into the interstitium with 
over-representation of lymphocytes and plasma cells.

§ Uremic syndrome
The above plus mucosal and epithelial ulceration: buccal cavity, 
esophagus, stomach, urogenital tract.
Interstitial pneumonia with alveolitis and edema.
Dermatitis – erosive and ulcerative.
Cerebral edema.

Pathologic Presentation
ihe Marine 

- ammal Center 



Buccal ulcers

Sorrell CSL-14079 a subadult male with severe 
gingival and labial ulceration

Systemic Lesions
“Uremic Syndrome”

The Marine 
Mammal Center. 



Gastric & duodenal ulcers “Volcano” ulcer caused by anisakid
nematodes are common in all sea 
lions

Deep bleeding ulcers

Bleeding ulcers

Sorrell CSL-14079

--------------------------------::-

I 
I 
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Gastric ulcers

CSL-14086 Ocelia

Large clots of blood attached to mucosa

Abscessed pancreatic lymph node Pancreas

~ 
________::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::====--ii11 The Marine 
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Skin ulcers and erosions

Frequently seen on 
the ventral surfaces 
at pressure points. 
The hind flippers are 
the most common 
site affected as in 
this case: CSL-13966 
Valerie.

THE MARINE MAMMAL CENTER 
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Interstitial Pulmonary Edema

Casita CSL-14047

II The Marine 
Mammal Center. 



Interstitial Pulmonary Edema

Delcarlo CSL-14050

Edema separating 
lobules

The Marine 
Mammal Center. 



Fade-out & Re-emergence
• Since 1984 yearly seasonal outbreaks with periodic (3 to 

5yr) epidemics.
• Serology data from free-ranging (prevalence) and 

stranded CSLs (incidence) showed absence of cases 
between 2013 & 2017.

• All pups born between 2013 and 2016 were seronegative.
• Fade-out was followed by a small outbreak in autumn 

2017 and a major epidemic in 2018.

The Marine 
Mammal Center. 



Leptospirosis: An endemic disease with periodic 
epidemics

Fade-out
Re-emergence

Another large peak in fall 
2022 that has continued 
through summer 2023
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Hypothesis
Fade out and re-emergence driven by recent 
oceanographic thermal anomalies (Marine 
Heatwave “The Blob”) by 2 possible mechanisms:
(1) Reduced buildup of susceptible hosts due to 

reduced pup production and increased pup 
mortality,

(2) Changes in age- and sex-specific movement 
patterns (prey driven?) which altered 
population mixing and hence transmission 
dynamics.

(For more, follow the work of Katie Prager, Benny Borremans
and Jamie Lloyd-Smith, Department of Ecology and 
Evolutionary Biology, University of California, Los Angeles, CA, 
USA) 

* 
2013 2014 2015 2016 2017 

Upwelling ol Wrthlittlewindto Blob heat WM West Coast wale!s Cooing continues, 
cool water near cool ocean, blob envelops West cool but GuW of ocean trends back. 
the coast keeps develops in winter. Coast Alaska remains Arctic remains temperature io-. Very low soowpack Elevated W3ffll. warm. in 2014 / 2015. len,,eralures 
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Thermal 
anomalies may  
become the “new 
norm” with 
Climate Change

September 2014 September 2019

Eastern N Pacific

Tracking Marine Heat Waves 
•r--=~~ -:-==-~-~-~-,-~.· - --;:r.~/~~.,.-,,;,~.---~---=-~----- """--....:-:-==~_,........,,_,. 

~ :-~--~~_._.J;;_l,h _::~-~~~ -z - -~ ;_~ -;:,-~- : ~ - - J ---~ 
, .-='~~~ -· - ....... -~~ --~ ;: / ~-,:...~~~ ..... -~ ·-.~~,,.~:'.~--- · -- ;;..- .. ,.,, - -~,_ ~ -r.-..-~:..--- ~-.,-!.r"'.,...11~ •. -~. ,,.,-:-... -,_ -,--~--;,;:.:-fi,;;.:~--.,... 

r:...-:-..:rt_ ~ ~~#r..:-~--c:"~6--..... ;;...,~h,~ r:r-' ;, ... . ~ .,i .. e:"~J~~• ,.~ -
r ~~-:~ ~ '',~ .,:-:--~~~~::7"~~~!,. • -- ,-'?-~ ~~~::'~,-./~Jr f ,,; • ,,,.~1'",i•"•, .:r-, ,;c~ :-;,, .-.~-:c;:-~·•~ · c:r., - r._ . :..>J"•..-:..c.; ''~:,s:~;J;~"B .; .~-z---.-:~•---_.;-<~, -
-~ - ·,-, ~7~~~-,l',;_,.f;,- · r!,'?l'::-;., ,.. - ,. f';\~1r,,..,,_.,,;,t';,-. w. .. ~.iJ., ,.... 

• ' :.ii-·.:r=--~;y· !:!:~; ,;,-,A;.,: . i~;t.f ?tr,;;;J;.,, . 
. ".,'ti ~~-at.► li_;,;~".f:;_'1- , ';tM;...~l · ;,,~~'!- , - ~ ~~- ~~,r_•~ '< ,~_,-• I -:<1,-p,:; , _,.,..,, ~ t•~ ..... •. ~.;.,...;;.'-. . •·t . - •. ii!,,...c.,,~,. ~,,_ 

• . ...-' -.. 1--:.1."r!"- ':l? .. ; ...... • ":,,t. ,,r!" .. :.:., _:,.-,_ .... 
:.,'),-: •• I,:.•,.,:\ ~,p; . . ... ,.: ,:,; , ,. . 

~- ~ 1~-:;:- ,, 

, 
.S, Sea Surface Temperature Departure week 37 September 2014 week 37 September 2019 

I 

The Marine 
Mammal Center. 



Something new in 2022
• Seven confirmed field-acquired cases in northern elephant seal 

pups stranded in WA, OR and CA
• Leptospira interrogans Pomona positive serology and on PCR
• All presented with azotemia and either died or were euthanized
• Gross appearance of kidneys was not remarkable
• Renal tubular necrosis and interstitial nephritis on histopathology

Acute tubular necrosis

Lymphoplasmacytic inflammation Positive Pomona IHC
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KLEBSIELLLOSIS
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New Zealand sea lion
rāpoka / whakahao

Phocarctos hookeri
Endemic to NZ 
Threatened and declining (~12,000)

Klebsiella pneumoniae (HMV variant)



In 2002 AND 2003 pupping seasons unprecedented epidemics 
occurred that killed 50% of all pups

Swollen septic joints
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Severe acute suppurative
and necrotizing 
polyarthritis and myositis



Around the same time (2001/02) it appeared in CSL pups on San 
Miguel but the outbreak was not fully documented. Further 
outbreaks occurred in NZ through 2009 and it is now endemic. 
Sporadic cases seen in older CSLs at TMMC over past 20 years.

Necrotizing dermatitis

Meningitis

j 
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Sporadic cases seen at TMMC over the years 
• Most present as lung abscesses that rupture causing pyothorax (pus in chest).
• This is a typical case - CSL Jamelia from 2020

Large abscess on the lung which 
ruptured causing huge accumulation of 
pus in the chest cavity 

The Marine 
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Over past 3 years we have seen a marked increase in Klebsiella cases
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Suspected Klebsiella HMV Admits by Year 

Jan Apr Jul 

Admit Date 
Oct Jan 

Animals assigned a field ID and listed as having klebsiella HMV microorganism results. 
Additional recent cases may be marked as klebsiella suspect in the future based on diagnostic testing. 

Only includes California. Internal use only. 
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-
-
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2017 

2018 

2019 

2020 

2021 

2022 

2023 
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So where did HMV Klebeiella pneumoniae come 
from?
q Kp is very common in people as cause of pneumonia
q HMV Kp arose as a nosocomial (hospital acquired infection) in east Asia in the late 

1980s and spread globally. It as acquired unique morphologic features and often 
carries antimicrobial resistance genes.

q Surveillance work in NZ prior to 2002 showed that it was not present in NZ sea lions 
until 2002 and it likely appeared in CA around same time.

q Our research showed that NZSL isolates over 2 years of epidemics were clonal (ie
likely all from a single source of infection).

q Most likely introduced by an infected person: fishing fleet, eco tourists, researchers, 
conservation field staff (there are no permanent residents on the Auckland Islands).

q Our current research with Dr Esteban Soto, UC Davis, is looking at the genetic diversity 
in TMMC isolates over recent years.

The Marine 
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Virulence and genetic diversity of Klebsiella pneumoniae 
from California sea lions (Za/ophus californianus) 

.......... ,, ' ,(. ~H,L ) ~~ 
••. -:,, " . ' lltil 

UCD 
Madeleine Thompson 1, Zeinab Yazdi1, Kim Li Jacobsen 1, Taylor Heckman 1, Carlos Rios2, Padraig 
Duignan2, Esteban Soto 1 

VETERINARY MEDICINE 
S11ulenrs Training in Advanced Research 

1 Aquatic Animal Health Laboratory, Department of Medicine and Epidemiology, School of Veterinary Medicine, University of California, Davis, CA 
2 The Marine Mammal Center, SauKJ!ito, CA 

INTRODUCTION 

Klebsiella pneumoniae 

Grom-negative, aerobic, non-motile, encapsulated 
bacillus within the fnterobocterioceoe family 

Sl.lll)IQld !OebMl• l-t,IV.+dnibt, Yeir 

I 
Opportunistic pathogen with o broad host range i 
In humans o hypervirulent strain hos been onocioted I'" 
with a hypermucoviscous (HMV} phenotype, but this I• 
hos not ye t been established in animal hosh2 

Multiple capsular serotypes exist within the HMV 
phenotype, including Kl, K2, and K5 serotypes 

Sudden unellplained increose in the prevalence of 
HMV K2 K. pneumonia• in morine mommals, but 
especially in ColifOf'nio sea lions (Zalopfius 
ca/ifornionus) (CSLs) -from 0 .92% in 2017 to 7.2% 
in 2022 (Fig. 1.)3 

Causes klebsiellosis, contributing lo diseose ond 
standings in morine mommols" (Fig. 2. and 3.} 

--__ , .. .,., .. ______ _ 
----·-·- ,,_ ___ ..,,.. 

fig. 1. Su1p<kted HMV kl• bli• loli1 odmitt to Th• Morine 
Mommol Cenm ITMMC>8 
lncid.nc:• al 111lfl9d'ed HMV It ,,,,__._ odmn ta The Marine Mammal 

~ f1~~:::~::=.o~~~:-:;.,<:;, 
m-1 m an llGnittanc•al~.,... -rM, in fnll year, in ...:.,.;yeon 
~ d ta 2017. Court.•)' of 0.-. '6dralg ~ and Cano, llloL 

AIMS 
1. Investigate the genetic diversity and virulence gene profiles o f HMV K2 K. pneumoniae 

isolates recovered from diseased CSLs in California between 2020 to 2023. 

Hypothesis: HMV K2 strains isolated from CSL.s ore genetically diverse following housekeeping genes and 
virulence foctOf' typing schemes. 

2. Investigate the virulence of representative HMV K2 K. pneumoniae genotypes through in­
vitro challenge models of kidney epithelial cells extracled from an African green monkey 
(Chlorocebus soboeus) (Vero cell line). 

Hypothesis: HMV K2 strains isolated from CSL.sore significantly more cytotoxic lo mommolion cells (Vero 
c.lls) tOOn noMiMV strains recovered from marine mammals. 

Isolate 
collection from 
37 patients at 

TMMC 

Virulence a ssay 

' DNA 
extraction 

Colony 
morphology 
assessment 

METHODS 

""""' ~ Multiplex-PCR for ~ Whole genome sequencing 
12 virulence factors of 16 representative isolates 

I 
Phylogenetic 

analysis 

Re presentative isolate selection 

\ 
Antimicrobial 

resistance gene 
analysis 

In-vitro cytotoxicity 
assay with Vero cells 

lactate dehydrogenase 
quantification 
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RESULTS i M,h;plexl 
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iutA (aideropMl"e oerobacko), fyvA (aid« ophal-e y.rnlliobodin), mrH {!ype 3 fimbriae promoting biafilm fonnoti<>fl), oncl fimH (!ype 1 
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fig. 7. Phylog• ~ Anolylis 
Phy4og-tic anolyli1 showing 
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F19. 8. lsolote Choroden:.ahon 
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CONCLUSION 

Multiple dados exist within the HMV K2 serotype of K. pneumonioe, 
with genetic diversity in both virulence factor profiles and antimicrobial 
resistance gene profiles. 

In-vitro virulence of both HMV and non-HMV isolates can provide a 
model of infection to expand our knowledge on the pathogenesis of this 
emerging pathogen. 
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Carlson_Bremmer et al., JAVMA, 2012

Sarcocystis neurona-associated myositis in 
California Sea Lions
o In 2010 an adult female sea lion 

(Zalophus californianus) was rescued 
because of lethargy and difficulty with 
ambulation.

o She had elevated creatine kinase 
suggesting muscle damage.

o Biopsies of skeletal muscle showed S. 
neurona-like cysts in myocytes and 
qPCR for Sarcocystis was positive.

o She was treated with anti-protozoal 
medication and released.

o Long term survival is not known.
This disease did not 
appear again until 2016

The Marine 
Mammal Center 

Diagnosis and treatment 
of Sarcocystis neurona-induced myositis 

in a free-ranging California sea lion 

Daphne P. Carlson-Bremer, DVM, MPVM; Frances M. D. Gulland, ve1MB, PhD; Christine K.Johnson, VMD, PhD; 

Kathleen M. Colegrove, DVM , PhD, OACvP; William G. Van Bonn, ovM 

Case Description-An underweight, lethargic adult female California sea lion (Zalophus 
californianus) became stranded along the California shore and was captured and transport­
ed to a rehabilitation hospital for assessment and care. 
Clinical Findings-Initial physical assessment revealed the sea lion was lethargic and in 
poor body condition. Active myositis was diagnosed on the basis of concurrent elevations 
in activities of alanine aminotransferase and creatine kinase detected during serum bio­
chemical analysis. Infection with Sarcocvstis neurona was diagnosed after serologic titers 
increased 4-fold over a 3-week period. Diagnosis was confirmed on the basis of histopatho­
logic findings, positive results on immunohistochemical staining, and results of quantitative 
PCR assay on biopsy specimens obtained from the diaphragm and muscles of the dorsal 
cervical region. 
Treatment and Outcome-Anticoccidial treatment was instituted w ith ponazuril (10 mg/ 
kg [4.5 mg/lb]. PO, q 24 h) and continued for 28 days. Prednisone (0.2 mg/kg [0.09 mg/lb]. 
PO, q 12 h) was administered for 2 days and then every 24 hours for 5 days to treat as­
sociated inflammation. At the end of treatment, the sea lion was clinically normal, alanine 
aminotransferase and creatine kinase values were w ithin reference limits, and antibody 
titers against S neurona had decreased 6-fold. The sea lion was released approximately 3 
months after becoming stranded. 
Clinical Relevance--S neurona-induced myositis was diagnosed in a free-ranging Califor­
nia sea lion. On the basis of the successful treatment and release of this sea lion, anticoc­
cidial treatment should be considered for marine mammals in which protozoa! disease is 
diagnosed. (J Am Vet Med Assoc 2012;240:324-328) 
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Larynx
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Laryngeal muscles
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Severely atrophied diaphragm (thin and streaky)
Aorta

Opening for 
esophagus
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Pectoral muscles with severe atrophy and streaking
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Greatly distended esophagus (dashed lines) 

Aorta

Diaphragm (pale and streaky)

Left lung



Opened esophagus packed with fish bones and flesh
Pale streaky diaphragm The Marine 

Mammal Center 



Histologic section from the diaphragm of CSL Hillard

The predominantly blue tissue is all damaged muscle

Sarcocysts in myocytes

Sarcocyst in a myocyte surrounded by 
necrotic (dead) myocytes, inflammatory 
cells and satellite (stem) cells.
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Hyper-eosinophilic myofibers
(necrosis)

Nucelar rowing
(regeneration)

Infiltrating 
lymphocytes
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Immunohistochemistry for Sarcocystis Bradyzoites in a cyst stain brown

Sarcocystis proteins in necrotic myocytes
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Life Cycle of Sarcocystis neurona

o Apicomplexan protozoan parasite that 
is very similar to Toxoplasma gondii.

o The definitive host is the Virginia 
opossum (Didelphis virginiana) not the 
cat (T. gondii).

o It is a well known cause of spinal cord 
damage in horses (Equine potozoal
myelitis).

o In marine mammals causes encephalitis 
in harbor seals and sea otters in the 
eastern North Pacific.

o Land-to-Sea mode of transmission.
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Just one case in 2010 prior to this outbreak

Sea Lions with Polyphasic Rhabdomyositis
Suspected Sarcocystosis Admits by Year 
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Stranded California animal~ assigned a TMMC field ID and listed as having 
suspected or confirmed sarcocystosis. Data through Aug 29 2022. 
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Polyphasic Rhabdomyositis in California © The Author(s) 2019 
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Sea Lions (Zalophus Californianus): 
1 

Pathology and Potential Causes 

Mauricio Seguel 1G, Kathleen M. Colegrove2
, Cara Fi, 

Sophie Whoriskey3
, Tenaya Norris3, and Padraig Du 

Abstract 
A myositis syndrome has been recognized for more than a decade in < 

detailed description of the lesions and potential causes of this conditi 
rhabdomyositis were examined. Rhabdomyositis was considered incident 
to the animal stranding (significant rhabdomyositis) in 33% (45/ I 36). 0 
consisted of a few small foci of lymphohistiocytic inflammation. Of the ' 
presented with major comorbidities such as leptospirosis (2 animals) and c 

severe polyphasic rhabdomyositis as the only major disease process ass 
muscles had multiple white streaks and diffuse atrophy. Microscopically, ti 
and histiocytes admixed with areas of myofiber regeneration, and/or mod« 
to intact Sarcocystis neurona cysts. At the interface of affected and norm; 
coplasm of intact myocytes, and occasional myofibers expressed MHCII p 
cyst burden were higher in animals with significant polymyositis antibody ti 
active myonecrosis than animals with incidental rhabdomyositis antibody 
The presented findings suggest that S. neurona infection and immune-me 
polyphasic rhabdomyositis in CSLs. 

. .. . 

Aquatic Animals 

Clinical signs, treatment, and outcome 
for California sea lions (Zalophus californianus) 
with Sarcocystis-associated polyphasic rhabdomyositis 
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ence, The Marine Mammal Center, Sausalito, CA 94965 
(Whoriskey, Duignan, McClain, Gulland, Johnson, Field); 
and Department of Pathobio logy, Ontario Vete rinary 
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OBJECTIVE 
To describe cl inical signs, treatment, and outcome for California sea lions 
(Zalophus cali(ornianus) with Sarcocystis-associated polyphasic rhabdomyositis. 

ANIMALS 
38 free-ranging juvenile to adult California sea lions examined at a rehabili­
tation center in California between September 20 I 5 and December 2017. 

PROCEDURES 
Medical records at The Marine Mammal Center were reviewed to identify 
sea lions in which sarcocystosis had been diagnosed. 

RESULTS 
Clinical signs were highly variable and associated with polyphasic rhab­
domyositis attributed to Sarcocystis neurona infection. Generalized severe 
muscle wasting, respiratory compromise, and regurgitation secondary to 
megaesophagus were the most profound clinical findings. Respiratory com­
promise and megaesophagus were associated with a poor prognosis. Eight 
of the 38 sea lions were treated and released to the wild, and 2 subse­
quently restranded and were euthanized. Two additional animals received 
no targeted treatment and were released. The remaining 28 animals were 
either euthanized or died during treatment. 

CONCLUSIONS AND CLINICAL RELEVANCE 
Results suggested that unlike other marine mammals, which typically de­
velop encephalitis, California sea lions with sarcocystosis often have poly­
phasic rhabdomyositis with highly variable clinical signs and that extensive 
diagnostic testing may be required to confirm the diagnosis. Treat ment with 
an antiprotozoal drug in combination with corticosteroids may reso lve clin­
ical disease, but the prognosis is guarded. 



Hypothesis: This is a new strain of Sarcocystis that 
sea lions are highly susceptible to

International Journal for Parasitology 45 (2015) 595- 603 

Contents lists available at ScienceDirect 

International Journal for Parasitology 
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A novel Sarcocystis neurona genotype XIII is associated with severe 
encephalitis in an unexpectedly broad range of marine mammals from 
the northeastern Pacific Ocean 
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However….

In collaboration with DR Mike Grigg and 
Elizabeth Zhang, NIH, Multilocus
genotyping of these S. neurona isolates 
at surface antigen and microsatellite 
biomarkers revealed a preponderance 
of Type II and Type VI strains. 

Both strains were already circulating in 
marine mammal populations found 
along the Eastern Pacific coast of the 
United States and previously associated 
only with neurologic disease. 

Elizabeth Zhang presenting at the World Marine 
Mammal Conference, Barcelona, December 2019

The Marine 
Mammal Center 

Sarcocystis neurona Genotypes Associated With 
Fatal Polyphasic Rhabdomyositis In Stranded 
California Sea Lions 
Elizabeth R. Zhang, Padraig Duignan, Mauricio Seguel, Barbie Halaska, 
Gloria Adedoyin, Cara Field, Michael E. Grigg 

WMMC 2019 - HEALTH II 
Speed Talk 
12/12/2019 



How are sea lions exposed to Sarcocystis and why has the 
prevalence of disease apparently increased since 2016?

We know that in sea otters, infection is seasonal, and related to run-off from 
winter rain

PATTERNS OF MORTALITY IN SOUTHERN SEA OTTERS (ENHYDRA 
LUTRIS NEREIS) FROM 1998-2001 
Author(s): C. Kreuder, M.A. Miller , D. A. Jessup, L. J . Lowenstine, M. D. Harris , J. A. Ames, T. E. 
Carpenter, P.A. Conrad, and J. A. K. Mazet 
Source: Journal of Wildlife Diseases, 39(3):495-509. 
Published By: Wildlife Disease Association 

DOI: http://dx.doi.org/10.7589/0090-3558-39 .3.495 
URL: http://www.bioone.org/doi/full/10 .7589/0090-3558-39 .3 .495 
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“The Blob” warm water anomaly 2013-’16
NOAA Sept 2014

The increase in cases coincided with the North Pacific Thermal 
Anomaly.  

Could that have affected the spread of a land pathogen to the ocean?
Or, could a shift in prey during these years have exposed sea lions to the parasite?
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A current project is looking at developing a serologic test for exposure to the parasite

This will help with 
disease ecology 
studies: Who is infected 
and are there hot spots 
for infection.

VETERINARY MEDICINE 
Studrnrs fralnlPIJ: tn Ad\•anrrd Rr~arrft 

Validation of an Indirect Fluorescent Antibody Test for 
Sarcocystis neurona infection in California sea lions 

Amalie Luneng Solli1• Cara Field2, Padraig Duignan2, Andrea Packham1, Magdalena Plancarte1, 

Karen Shapiro', Devinn Sinnott', Woutrina A. Smith' 
1School of Veterinary Medicine University of California. Davis 2The Marine Mammal Center 

Objective M ethods 

i\ The Marine 
• Mammal Center. 

Discussion 

To evaluate tFAT tesl performance. identify cases of Saroocysfis neurons Indirect Fluorescent Antibody Test Koy Findings 
Kappa statistic compares agreement between histopalhology and IFAT In 
classifying a case or conlrol as positive or negative. A value of 0.92 
suggests that there Is good agreement between the two. 

Infections In slranded California sea lions (CSL) and conlrol animals followed 
by analysis of the correlation between the gold-standard testing approach of 
histopathology and molecular secuenciog against the SarcoFlour IFAT. 

Q 

Q 

Q 

Rationale 

Seroprevalence in CSL has increased from~% (1998-2009) 10 14% 
(2010-2019) 

lOICI ZOU • u ZOU llM• a u ZOU l017 ftll,f mu 
Ti,tcl'tl:fl. 2m3 

Infection can result in polyphasic rhabdomyositis and dealh; prognosis 
Is guarded even with treatment In CSL 

tFAT diagnostic lest advanlages: low~t. quick. better Informs 
lreatment plans but not yet validated In CSL 

Land-to-Sea Transmission 

Sporocyru shed i n fttes and 
enter the sea vta water run.off 

Marine mammals consume 
lnfectious sporocysts 
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Molecular Sequencing 
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Results 

Progress to date 
20 sea lion c.aaea and 31 sea lion controls have been Identified. The 
1arget sample size is 40 cases and 80 control animals, 
Cases are animals with suspected myopathy confirmed by necropsy and 
evidence of S. neurona cysls on histopathology; and will be confonned 
wilh molecular identification. 
Controls are animals with a non-protozoa! cause of dealh and no 
evidence on histopalhology of S. nevrona infection. 
The Kappa stalisUc on comparing test pertormance is 0.92. 

IFAT titer to call a sample positive 
1 :320 uter maximizes sensitivity and specificity at 95 and 96.8%, 
respectively, with area under the receiver-operating curve of 0.98. 

Preliminary data suggest that an IFAT liter of 1 :320 is likely an appropria1e 
threshold for calling a sample positive. 

Dlseus.slon 
Validation of the low-cost ante-mortem IFAT diagnostic tool is important 
due to the increase of sarcocyslosis casas in stranded CSL al TMMC and 
olher stranded marine mammal facitiljes_ 
Postulated factors contribvtlng 10 increased S. ll(tvrona infections in CSL: 

lnaease in parasite prevalence associated wilh changing 
environmental conditions 
Shift in prey conwmption based on alte<ed historic prey availability 

Limitations 
Serologlc antibody titer does not equal actlve disease 

• nme constralnls on TMMC and UCO labs with high-volume case loads 
• Financial reslralnls In studying wildlife diseases 

Future Directions 
Risk factors associated wilh clinical disease and outcome 
Environmental source of infection (e.g. food source, microptastlcs, etc.) 
and time until symptom onset in CSL 
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HARMFUL ALGAL BLOOMS
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Domoic acid intoxication 

Photo Credit Tony Orr; NOAA Permit 16807
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Toxic algae hitting sea lions 
hard along Southern California 
coast 
By Erik Anderson / Environment Reporter 
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What's killing hundreds of sea lions and dozens of dolphins along 
the Southern California coast? 

Sea lions recuperate at the Marine Mammal Care Center in San Pedro on Tuesday. More than 1,000 marine mammals have become ill or died this 
month because of toxic algae blooms along the coast of Southern California, according to the Nat ional Oceanic and Atmospheric Administration. 
(Luis Sinco / Los Angeles Times) 
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DA intoxication evolving epidemiology

• First diagnosed as a cause of mass mortality in California sea 
lions in 1998 (Scholin et al. 2000).

• Retrospective research identified 2 likely earlier events in sea 
lions in1991 and ‘92 (Greig et al 2005).

• For 2 decades (90s & 2000’s) Harmful Algal Bloom (HAB) 
events were sporadic and usually in summer & early autumn.

• Since 2014, toxic blooms causing mortality have occurred 
annually and over extended geographic and temporal scale.

• Related to climate and marine thermal anomalies?

The Marine 
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Domoic Acid Intoxication
A Decade of Live California Sea Lion (Zalophus californianus) 

Strandings Along the Central California Coast: 
Causes and Trends, 1991-2000 
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Clinical signs and histopathology associated with domoic acid poisoning in 
northern fur seals (Callorhinus ursinus) and comparison of toxin detection 
methods 
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Characterization of a Degenerative Cardiomyopathy Associated with 
Domoic Acid Toxicity in California Sea Lions 

ORIGINAL RESEARCH 
published: 26 May 2021 

dot 10.3389/lmars.2021.585501 

(Zalophus californianus) 

:A8KA, T. GOLDSTEIN, C. CROSS, R . W. M UELLER, C. K REUDER•J OMNSON, S. GtLL, AND 

F. M. D. G ULLAND 

rine Mammal Center, GGNRA, Sausalito. CA (FMDG, TG. TSZ); The Wildlife Health Center, 
;i1y of California-Davis, Davis. CA (TSZ, TG, C K); Center for Wildlife Hcallh, Univcrsi1y of 
,sscc, Knoxville, TN (CC); and Ba nting Research Ccnlcr, Tunney·s Pas1urc, Hcallh Canada, 

Onawa. Onlario, Canada (R\VM. SG) 

EL<;EVIER i• 

Domoic acid exposure a 
Pacific harbor seals (Phc 

Clinical Signs and Pathology 
Associated With Domoic Acid 
Toxicosis in Southern Sea Otters 
(Enhydra lutris nereis) 

pal Neuropathology of Domoic Acid­
pilepsy in California Sea Lions (Zalophus 
,us) 

Melissa A. Miller•.2•, Megan E. Moriarty'·', Padraig J. Duignan2·3, Tanja s. Zabka', .1-2* Xiling Wen, 1 Izumi Toyoda, 1 Frances M.D. Gulland,3 and Wi lliam Van Bonn3 
Elizabeth A. McHuron •. Denis, 
Terry R. Spraker•, Frances M.C Erin Dodd', Francesca t. Batac', Colleen Young ', Angelina Reed', Michael D. Harris' , 

OPEN ACCESS Katherine Greenwald', Raphael M. Kudela•, Michael J. Murra"", Frances M. 0 _ Gu/land', 3tive Medicine, Stanford University, Stanford, California 94305 
• Moss l.andln.r Marint LaborororiC's. 8272 Moss Loni r 
•n., Monn, Mamma1cm,,,-. 2000 ,.,.,,,.Rood.,. Peter£. Miller", Kendra Hayashi', Catherine T. Gunther-Harrington•, Martin T. Tinker• gy & Neurological Sciences, Stanford University, Stanford, California 94305 
::~:,::',':~,;;;,~;~~~~%~~~;~:.,"',! Del)raE:;-z. and Sharon Toy-Choutka ' !nter. Sausalito. California 94965 

;::,:;::~~,!{;'..,-;:1',.':,~':d:::.::~%.~.:~t;:,~,ri"Sde>"•c1::,:,~.:;,~;,s,,.,i,;·;.,";,.;;;;;;.;,,~~;:,;,;;,;,,;,;.;;;,;;;;;~;,,;;·.;;.2,2s.;.~~i,;;;/,;;,;,,··•-··· ··-·" ..... n_,_ ~--•-o,e 1ournal ot <.,;ompa rative Neurology I Research in Systems Neuroscience 522: 1691 - 1706 (2014) 
Etttl. ~atilt, WA 98111. USA 



DA diagnosed in CSLs at TMMC 1998-2019

When first recognized, 
outbreaks occurred 
irregularly and not 
every year. Usually 
summer or autumn

Outbreaks now occur 
every year and may be 
seen in any month. 
Particularly common in 
Blob years (2014-’19) 
and El Niño years 
(2023).
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Thermal Anomalies
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Admit Year 
Stranded California animals assigned a TMMC field ID and listed as having 

suspected domoic acid toxicity, positive DA result and/or treatment of phenobarbital. 
Pre-2015 data only includes California Sea Lions. Data through Aug 29 2022. 
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DA Pathology
• Biotoxin produced by Pseudo-nitzschia sp. diatoms
• Analog of the neurotransmitter glutamate that exerts potent excitatory activity in the brain, heart, 

and other tissues
• Causes neuronal necrosis and vacuolation in the limbic system: Olfactory tracts, amygdala, 

hippocampus, parahippocampus.
• Conduction system of the heart – cardiomyopathy.
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Sea Otter: Brain (hippocampus) “Acute DA”
Dentate Gyrus

Ammon’s Horn
(Cornu Ammonis)

CA4
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Sea Otter: Brain - hippocampus

High power view of necrotic neurons in Ammon’s Horn CA4 

“Normal neuron”
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Adult Female Guadalupe Furseal (Chronic DA)

Right Left

Yellow arrows 
show atrophy of 
the left temporal 
lobe relative to the 
right (blue arrows)

Normal

MRI by Dr Sophie 
Dennison
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GFS: Chronic DA, brain section through hippocampus 

Cerebral cortex

Corpus 
callosum

Capsula interna

Lateral ventricle

Fornix

Thalamus

Third ventricle

Lateral ventricle
Temporal horn

R. Hippocampus
(more normal)

L. hippocampal 
atrophy

Expansion of 
the temporal 
horn of left 
lateral ventricle

Atrophy of left 
parahippocampal gyrus Parahippocampal gyrus
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Abdomen distended by effusion

Pale rounded heart and edematous lungs

Normal heart Cardiomyopathy

Myocardial fibrosis (blue staining)



Recent Project:Can proteomics be used to diagnose acute toxicosis?
Collaborative study with Grice Marine Laboratory, NIST, NOAA and TMMC.
Gautam Ghosh recently defended MSc thesis

Selection criteria based on CSL 
brain histopathology
Ø Acute neuronal necrosis 

without evidence of past 
exposure “acute DA”

Ø “Chronic DA” – atrophied 
hippocampal complex with 
sclerosis but no ongoing 
necrosis or inflammation.

Ø “Acute on chronic” pre-
existing hippocampal atrophy 
with acute neuronal necrosis.

Introduction 

• -•lll•••.,_""__,,-,1,~1,y--1«..riw-<11-
hll ........ »f><pu,._.__,_ ... ,~ ...... .._,,,,,__,. ,_,_..~.,,.., .. 

flloo••·--..... "'--... ,..._-.. ....... ;, -• .... -~ .... u-..-,.....-;1_........_,,,... 
• .,._,,,., •• ,.... ... _ ....... ,~-..,-"" .. Ql .... --1~-\~-.. -.. "*"• .. .i ...... ,._ ... , ... \ - ... ,..,._,(Ml). 
• ~~<lf1Mli,,.._,"'1..i. ________ ,_.,..i1<'-'g.$a 

1...,. .... ~,),\1...t••~""""°"....,._uo. ,w-•1-
• .,..,..,.111, ............. ,.,.... ... _ .... ...,. ... __ _... .. 

i.J. .. -..a .. .. 
. """ .... _.,...,_,_lt<_ ... , __ (nl,l) .. l,;t1l,o, 

Oo<<1d<_,.., ........ np.1--...1l1 ..... q~1<,4, ... 11_,,.......... 
«Moo.,.. .. _, .. 

• n. .. n.o.r,_ ... ,.,1n .. -,,~.._..,_,_, .. ,11ootw4, 
~-tl:.Ulo!b.,....ul••--al-.,.ot-.f>t ........,..1•-~ 

Study Spedes 

Objective & Hypotheses 

lll,jl:c.l.-o~-«•--------1)',.,._ ,..,... .. ,,.,n.nuu. 

!:l,'.'::"~.r.:...~:l=f::::-x ... ,......_ ....... 
lll,jJ: ~IM,.,. __ llof<h<e1<,oJ-IMf. -4<",n­

--, .... n1t-H_)..._'t .. .-.... 

n-~ m,1o.t.--e1r-..a1.,..u. .. a.uii,cu ... ..,,\ oo\1..,i,oa,,,.._1M1 

11:: IOU.-<..'lf,-,..w.l!"°.U.,._...,....__c,;i.,..,t,-•u.\ld 
CCIA..,,~.tn.l<IMf 

Methods 

__ ,.,ctr'~ 
-"npl•-h<M"""'4n....,..,..,-c,..,.. ,:-«-.~•u\ io.....,.. _____ ,..i ___ ..,.o....,..i10--
- ·-•~-,-~ bl~tU.••-n-sy,MIUI ru, _..,_,. _,.,..,_r, ....... w,.it.,/tt.f'll,>n')',Al"""'_,._,......,_, 

"""""" ... ,._.~ 
C.-.1<,(IW.l)W<IO...,,,.oJ-«'lll-'")f"l•-.l• ... -"'l'f'l'WC.S.l'IW ,,_,...a.,.,.,,.....,_,..'-"'--•.........,••cu-.""-..i"',.., --1<4---•ho"'-"'~-.-,.,-----l'IM<n .. 11N-tfto .. ...,.1Ullou.•,_'W....._.......,,. ,,.,.. 

11:, .. -w:w:ii-.r ..... ,..--.,.,ur-:),..,i,n.~ .~-•" 

°''""'"'-"""' __ , ........ ~,.--... _ ....... _""' 
.,.,... .............. "'··'""" ..... """"""'-
~--~ ..... a ... _._r...,,.r-,..,._ll)'-U.-•or---
--l'AW,a,\Q,ooJ-,_,w.,..-p....._ 

Acknowledgments 

Preliminary Results 

- I I -. -i:..-"°""""_"' __ C#'_ ... ___ .acr~,..,_ ... ,,_, .... _ 
..,...,._,.,_.-.. , _,,..., •.• ....., ..... _-...;11....,._.,,...ow.#1.-r- ... 
1,'°'l•).:)-Y .. ..,.IM-_,l,l~••""-"'"11)"3-•.-•f~-hl•Nf 
........ -,.••,I-DoO·T,-.-•.,,-;.1-,lU,:O.l_(_,.....,...,,<lH,l<I ,,_,, .. .,_,,._ .. __ , ......... _, .. ,, .. ,$_ --

... i.,. .. ,,-.o1/!#'_,_,..,;,,, .. .,-..... _..~$')."'Hil,"f ...,,...:.,.,.~uwn, .,.._. __ ... ,_ ... ___ ,, ...... __, .. «,-.... _,.,~·-·-· ... ~ 

~ . .. . ,..._, ...... .-:, ... .,,..--.. -1.in.i.c, .... , ....... - .... ~-1 .. __ .,..,.._..-__ ~, .. .._,..,_.,.,.,, .... .,..., .. _ . 
,.,. .. _,.._,... .. ,. ,.,.,._ .. ,,__., .... ""' ... w .. ,,_,.,.~.....,. _,, .. $,.,_ .... _ .. ,,.. .... , 

Citations ' _,,._,., __ , __ ,. __ .,, __ ,,_, ___ ... _ -···--·-----.--~---·- ............ . _, .. _ .... _ .. -· ..... _ .. ________ _ ·-·~-.... -..... ,_ ... ,._ ...... ,_ ___ .,. ---. _ , .............. _ ... ____ ., ....... ... . -···-"··-·"-· ...... _ ..... , ___ ., __ ......... __ .... ____ ., ... _,_ ...... , ........ 

The Marine 
Mammal Center. 



CSL-14884 Cringles
Normal hippocampal complex
Left side Right side

Hippocampus
SubiculumPara-hippocampal gyrus

Cornu Ammonis (CA, Ammon’s horn)

Dentate gyrus (DG)

Temporal horn of 
lateral ventricle

Thalamus

Note the clearly defined S shape to the hippocampal complex.
The size of the lateral ventricle surrounding it.
The clearly visible neurons of the CA and DG 

These cracks are a processing artifact

CA1

CA2
CA3

CA4



CSL-14435 Cowbell
Acute DA toxicosis

Right hippocampal complex

At low power (12.5x) there is very little change from the 
normal structure.

High power (200x) of the CA1 segment of Ammon’s horn 
shows large number of acutely necrotic neurons (bright pink 
staining cells).
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CSL- 14827 Antares
Chronic DA hippocampal atrophy: “mild” lesion

L R

Note that the hippocampal complex is contracted and the lateral ventricle space is relatively expanded
The lesion is asymmetric and slightly more marked on the left
It is less apparent at this low magnification but there are fewer neurons in the CA and DG
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L R

CSL-14861 Lamora
Chronic DA hippocampal atrophy: “Marked” lesion

Asymmetric atrophy is much more pronounced on the left with contraction and distortion of the hippocampal complex
Note the laminar pale areas of vacuolation (arrows) and the loss of neurons from CA3, CA4 and the DG particularly on the left

DG

CA4

CA3
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CSL-14855 Protector
Chronic DA hippocampal atrophy: “severe” lesion

Asymmetric hippocampal atrophy with severe lesion on the left but only a mild/insignificant change on the right.
On the left there is complete loss of CA2, CA3, CA4 and the dentate gyrus. On the right, just mild loss of neurons from CA3 & CA4.
The remaining structure on the left is severely contracted with relative expansion of the lateral ventricle
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L R

CSL-14657 Melli
Acute on chronic DA toxicosis

Note the symmetric atrophy of the hippocampus (expanded clear space around it). 
This is the chronic component.
CA3, CA4 and DG on the left are also pale from loss of neurons.
On high power examination of Ammon’s Horn (right image) note all the red dead 
neurons (acute lesion)
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FLUOROSIS
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CSL Cringles

• Subadult (4-8 years) male California sea lion (Zalophus 
californianus).

• Stranded at Ft Bragg with in poor body condition and 
ambulatory difficulties.

• Bone proliferation detected on humerus by radiography
• Despite 3 weeks of care,  he became anorexic, lethargic and 

reluctant to move so euthanasia carried out. DDX Sarcocystis
polyphasic rhabdomyositis

• Three more carcasses recovered from same area of Mendocino 
County.

New Toxicosis in California Sea Lions (as if they needed it!)
The Marine 
Mammal Center 



Necropsy Findings- Humerus

ControlCase

The Marine 
Mammal Center 



Necropsy Findings

Humerus Femur



Necropsy Findings

Humerus
Femur

Femur

Original cortex

Hyperostotic new bone

The Marine 
Mammal Center 



Case 1 mandible (uncleaned) 
with dull brown enamel (arrow) 
and pitting on canine. Inset-
Case 1 maxillary incisors and 
canines with variable and 
increased wear

Femur 
(case 1)

Ribs
Case 2)

Histology (H&E) of case 1 
humerus with thick radiating and 
proliferating periosteal new bone 
formation (bracket) with thinner 
similar inner trabeculae with 
intertrabecular fibrous tissue. 
Inset- Higher magnification of 
bracket area comprised of boney 
trabeculae of endochondral 
ossification comprised of 
chondrocytes and cartilaginous 
matrix transitioning into poorly 
mineralized osteoid matrix. 

The Marine 
Mammal Center. 



Control Mandible
(not cleaned)

Case Mandible with 
severe dental 
attrition and 
mandibular 
hyperostosis

Case os penis with hyperostosis

Histology (H&E) of thinner 
inner trabeculae comprised 
of poorly mineralized 
osteoid (asterisk), reversal 
lines (arrow), lined by 
osteoblasts and 
osteoclasts (arrowhead). 
Intertrabecular spaces 
comprised of fine 
connective tissue and
capillaries.

The Marine 
Mammal Center. 



Differentials for Hyperostosis
Genetic/congenital

§ Congenital hyperostosis of pigs 
§ Craniomandibular osteopathy of West Highland White and Scottish Terriers
§ Calvarial hyperostosis of Bullmastiffs
§ Caffey disease of infants

Inflammatory
§ Hypertrophic osteopathy (Marie’s disease) 
§ Hepatozoon americanum in canids

Toxic
§ Fluoride
§ Vitamin A 

The Marine 
Mammal Center. 



Fluoride Bone Measurements

Bone CSL Case (ppm 
dw)

CSL Control (ppm 
dw)

Older Cattle with 
fluorosis (ppm)

Control Cattle 
(ppm)

Humerus 8,1000 3,800 2,500 – 3,000 600-900
Femur 6,100 1,500

Rib 9,700 2,000

T 
fv 
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Case 1 Case 2 Case 3 Control 1 Control 2 Control 3 Control 4
Age SA SA U SA Y J SA
Sex M M U M M M F

Femur 6100 1500
Humerus 8100 4500

Rib 9700 5000 4500 2000 1400 1400 1500
Proximal Humerus 9000

Tooth 4000 3800 2400
Mandible 3700 3200

Tibia 4700 1700
Humeral cortical bone 1700

Humeral medullary 
trabeculae 3800

Calvarium 6500
Vertebra 4200 4300

Metacarpus 4200
Scapula 4600

Mean 6871 4180 4475 2329 1400 1400 1500

Fluoride levels in PPM/dry weight 



Fluorosis Lesions are well 
described in marsupials in 
Victoria downwind from an 
aluminium smelter

Osteofluorosis
§ Hyperostosis
§ Osteosclerosis, osteoporosis, 

osteophytosis and/or osteomalacia
Growth plates and joints

§ Rickets-like physeal lesions
§ DJD-like lesions

Dental Fluorosis
§ Poorly mineralized and hypoplastic 

enamel

Death C, et. al. Dental fluorosis and skeletal fluoride content as biomarkers of excess fluoride 
exposure in marsupials. The Science of the total environment. 2015;533:528-541. 

Hufschmid J, et. al. Skeletal Pathology of Eastern Grey Kangaroos (Macropus giganteus) Exposed to High 
Environmental Fluoride Levels in South-Eastern Australia. Journal of comparative pathology. 2015;153(2-
3):167-184. doi:10.1016/j.jcpa.2015.06.002
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Exposure for sea lions? 
Ø Ongoing collaborative research project 

with Dr Pobert Poppenga of The 
California Animal Health Laboratory and 
toxicology resident, Dr Chelsea Sykes to 
determine the prevalence of 
intoxication.

Ø Also working with NOAA sea lion 
biologists and the California Academy 
of sciences (historic samples).

Ø All cases stranded in Ft Bragg area of 
Mendocino County.

Ø Sampling all age classes from multiple 
locations through time. 

Ø Future work to look at exposure (prey 
species from different areas).

Fort ~ragg 

Mendocino 
National Forest 
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0 
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0 
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GRAY WHALE UNUSUAL 
MORTALITY EVENT

The Marine 
Mammal Center. 



Gray whale (Eschrichtius robustus) 
mortality events

The Marine 
Mammal Center 



1999-2000 2019-2022

Chukch i 
Sea 

Eastern North Pacific 
Gray Whale Population 

1,500 

1,000 

500 

0 

& Annual Calf Production 
ale numbers have dedined during the current 
I Mortality Event from their earlier peak of 
,000 in 2016. They also dedined during 

a previo s UME in 1999-2000 and then 
rebound in the following years. 

•• 11111 

20,000 

15,000 

10,000 

Summer feeding in the Arctic: 
May to November 

Gray whales feed in the Arctic in summer, consuming 
sea-bottom amphipods and other organisms living in and 
above the sediment in the Bering, Chukchi, and Beaufort 
Seas, building fat for their long migration. Gray whales eat 

primariy in summer. 

Southward migration: 
November to Februay 

The whales usually travel 

CANADA 

wi1hin 2.5 miles of the shore. 
Pregnant females go frst, 
followed by adult males and 
other adult females. Juveniles 
migrate last, and some may 
not reach Mexico before 
tlming back north again. 

Northward migration: 
Febnay to May 

Newly pregnant females go 
first followed by adult males, 
other females, and immatin 
whales. Mothers with calves 
remain a month or two longer 
whie calves gain blubber and 

slrength before thei" long 
jolmey north. 

Long 
Migration 

Eastern North Pacific gray 
whales have the longest 

migration of any mammal. 
They travel 10,000 to 

12,000 miles every year. 

LI ITE D STATES 

Baja MEXICO 
P c nins uJa 

( 

Scmnmon's 
Lagoon 

C San Ignacio 
Lagoon r-M agdalena 

Wi~er in Mexico: ,f, Bay 
Lagoon 

January to March 
Gray whales frequent 

the Mexican coast ncluding 
the Baja Peninsula in winter. 

Galves are born in the warm 
shallow lagoons. 

Gray wtele ilaabl by U<o GcJmr 



Unusual Mortality Event 

o 590 dead gray whales (Canada, 
Mexico, and U.S.) documented 
from 2019 through June 30, 2022. 

o Recent abundance estimates 
found a ~24% decrease in the 
population between 2016 and 
2020 (Stewart and Weller, 2021).

The Marine 
Mammal Center 
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Combined 2019-2022 Gray Whale Strandings in 
California, Oregon, Washington and Alaska 

■ 2019 ■ 2020 ■ 2021 ■ 2022 ■ 18-yr Avg (2001-2018) 
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Combined 2019-2022 Gray Whale strandings in California, Oregon, Washington, and Alaska. 
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C-552 Gray Whale (Eschrichtius robustus) 

Juvenile male found floating 
in the Bay and beached on 
Angel Island, 8th March 2018

Massive infestation with whale lice (Cyamids)



C-673 Sub-adult male

Stranded 12 May 2021, Cause of death – ship strike (fractured vertebrae)
However, he was also in poor body condition based on blubber depth and 
histology

Outer blubber (60% adipose) Mid blubber (50% 
adipose)

Deep blubber (25% adipose)
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§ No single cause of death

§ Deaths occurred because of trauma (ship strike), malnutrition, 
predation (killer whales), or combinations of these.

§ For many, decomposition prevented determination of cause of death.

§ No pathogens identified 

§ Biotoxin levels (Saxitoxin, DA) were undetectable, low or moderate but 
the significance of even the highest levels are unknown.

§ However, a common factor in these years was poor body condition.

§ This was also corroborated by other methods such as drone 
photogrammetry of live whales on migration and in Mexico

Findings
The Marine 
Mammal Center. 



§ Sea ice cover in the Bering and Chukchi Seas has declined dramatically 
in the past two decades

§ The distribution of benthic prey species has shifted northward

§ Gray whale distribution has also changed in response to this (Moore et al., 
2022)

§ The 1999-2000 UME was preceded by the 1997/98 El Nino event

§ The 2019-22 UME was preceded by the N Pacific Thermal Anomalies

Figure from Moore et al. ( 2022) showing a marked decline in benthic amphipods 
in the northern Bering Sea from 2010 to 2019
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“Whether or not gray whales were nutritionally stressed due to a 
change or reduction in prey availability related to environmental 
forcing, and/or to increased competition for food resulting from 
their burgeoning population size, remains a pivotal question with 
regard to both UME events” Moore et al. 2022

§ In other words, we don’t whether the UMEs were caused 
by Climate Change (too few groceries) or because of 
Carrying Capacity (K) of the environment (too many 
whales for the resources)?

§ Perhaps a combination of both?

The Marine 
Mammal Center. 



Thank You.

The Marine Mammal Center advances global ocean conservation 
through marine mammal rescue and rehabilitation, scientific 
research, and education.

Special thanks to TMMC pathology & 
Diagnostics team: Maggie Martinez, Barbie 
Halaska, Jackie Isbell, Carlos Rios, Jen Soper 
& Erica Ono-Kerns. TMMC rescue and care 
staff and volunteers.


