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Presenter
Presentation Notes
My name is JoDee Baker, and I am the Zoonotic/Vector borne Epidemiologist for the Utah Department of Health.  It is my pleasure to talk to you today about A West Nile Virus Outbreak in Eared Grebes and Bald Eagles in Utah: Enhanced Surveillance and Outcomes.



Learning Objectives 
• At the conclusion of this presentation, 

participants will be able to: 
– Demonstrate knowledge of the transmission cycle 

of West Nile virus (WNV) 
– Describe the events of the WNV outbreak among 

grebes and bald eagles 
– Consider potential new routes of WNV 

transmission not previously discussed in literature 
 



West Nile Virus (WNV) 
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Most of you are familiar with West Nile Virus (WNV).  I wanted to do a quick background before I get into the rest of the topic.  WNV is a mosquito borne arbovirus that causes illness in humans, horses and birds.  Most humans are not seriously affected, however, West Nile illness can be very serious and cause death or disability.  The mosquito vectors that spread the virus are Culex tarsalis, and Culex pipiens, that are active from dusk to dawn.



Transmission Cycle of WNV 

Photo found on cdc.gov 
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Birds are considered amplifiers, while humans and horses are “dead-end hosts,” meaning the virus ends with them.  WNV can be transmitted to humans in ways other than a bite from an infected mosquito.  It is very rare, but possible to get WNV by receiving blood or an organ from an infected donor; or by pregnant or nursing mothers passing the infection to their baby.  WNV was first found in the Northeastern United States in 1999 and steadily moved westward.  Utah’s first activity was in 2003 and peak activity occurred in Utah in 2006.



WNV Fever 
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There are two types of WNV.  The most common form is WNV Fever, which is the less severe of the two types.  WNV Fever symptoms can last several days, but can last up to several weeks or months.  Some of the common symptoms include fever, headache, body aches, nausea, vomiting, rash, and fatigue.  There is no treatment for WNV Fever, just supportive care.  Most people recover completely.



WNV Neurological Disease 

Presenter
Presentation Notes
About 1 in 150 infected people develop a severe form of the disease, which include meningitis (inflammation of the spinal cord) and encephalitis (inflammation of the brain).  It is estimated that about 10% of people with the neurological form of WNV will die, while others may have long-lasting or permanent nerve damage similar to a stroke.  As with WNV Fever, there is no treatment for the neuroinvasive form, but a physicians care may be required.  The risk for neuroinvasive disease increases with increased age and for those with weakened immune systems.



Utah’s WNV Program 
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Utah works very hard with many partners to prepare and handle WNV each season.  Previously, Utah tested dead birds (corvids and raptors), sentinel chickens, horses, mosquito pools and humans, but due to budget cuts, no longer test dead birds or sentinel chickens.  The Division of Wildlife Resources has always maintained some level of testing in  birds with special circumstances, but not for general public.  The DWR also monitors fall migration of Eared grebes and watch for mortality events.   With less money to work with, most states have to depend heavily on prevention messaging.  To coordinate the efforts of many agencies and partners, Utah holds bi-weekly conference calls.  



The Great Salt Lake 
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In order to orient those not from Utah, I thought it would be appropriate to describe the Great Salt Lake and Antelope Island.  The Great Salt Lake is a remnant of the ancient Lake Bonneville that covered most of Utah, and parts of Nevada and Idaho.  The GSL lies in portions of five counties in Utah: Box Elder, Davis, Salt Lake, Tooele, and Weber.  It is fed by three major rivers and several small streams.  Due to there being no outlet, this lake has a very high salt content.  It is the largest saltwater lake in the Western Hemisphere, being 75 miles long and 35 miles wide, with a maximum depth of 33 feet.  This lake provides habitat for millions of native birds, brine shrimp, shorebirds and waterfowl.  There are 10 islands on the GSL, with Antelope Island being the largest.  



Eared Grebe  (Podiceps nigricollis) 
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Now, switching to the birds that were affected in this outbreak.  The first bird that was seriously affected was the Eared Grebe.  This bird is an aquatic bird that breeds from March to May in western and central North America, as well as in some areas of South America, Eurasia, and Africa.  It is a highly social bird that forms breeding colonies made up of thousands of birds. 



Eared Grebes 
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After each breeding season most eared grebes move to the highly saline environments of either Mono Lake in California or the Great Salt Lake in Utah, where they feast on brine shrimp and alkali flies. Brine shrimp are crustaceans. Their closest relatives include fairy shrimp, triops and water fleas. More distant relatives include crabs, lobsters and shrimp. Brine shrimp cysts are packaged and sold as Sea-Monkeys.  Most of the eared grebes appear along the causeway to Antelope Island in late August.  They are small birds, only weighing 250 grams, but will more than double their weight feeding almost exclusively on brine shrimp.  At this point, they maximize their digestive capabilities, and become flightless as their pectoral muscles used in flight atrophy and organs used for digestion increase greatly in size.  Over a period of four months, each eared grebe eats appx. 15,000 brine shrimp per day.



Eared Grebes 
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As brine shrimp die, (which causes the Great Salt Lake to get the smell poorly) grebes reverse their physiological transformation and lose weight by decreasing the mass of their digestive organs, catabolize much of the just-deposited fat, and increase the size of their heart and flight muscles needed for non-stop flight to wintering areas.  These birds will gather in remote parts of the Great Salt Lake in groups numbering hundreds of thousands and will, in one night in late January, take off and head south. This is the latest of any North American migrant.  They will travel to the Islands in the Gulf of California, the Salton Sea, and Mexico.



Eared Grebe Die-off 
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In early November 2013, a die-off of Eared grebes was reported to the Division of Wildlife Resources.  At the time it was estimated that 1,200 to 2,000 birds were involved.  The birds that were living seemed lethargic, could not fly, and could not dive.  Most of the birds were found dead.  Carcasses were collected and submitted for necropsy and testing at the National Wildlife Health Center in Madison, WI.  They were tested for a number of things, but it was assumed that they would have either Avian cholera – bacteria that usually causes an annual mortality event in eared grebes, or Avian botulism – occurs annually during warm summer months when water oxygen levels are low.



 
Bald Eagle (Haliaeetus leucocephalus) 
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About 1 month later (beginning of December) Bald Eagles started to be found and reported.  A little background on Bald Eagles in Utah.  Utah hosts one of the largest populations of wintering Bald Eagles in North America (25-30 % ).  Bald eagles typically arrive in in Utah in November, with the highest number arriving in January and February.  Bald eagles congregate in large numbers at feeding, perching and roost sites. Eagles will hunt from perches and in flight, and may be observed sitting on the edge of open water areas.  In the winter months, Bald Eagles are largely scavengers.  By March eagles began migrating north as far as the Northwest Territories.



What was found 

Photo Credit:  Wildlife Rehabilitation Center of Northern 
Utah – Dalyn Erickson-Marthaler 
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The following pictures describe some of the scenes that Division of Wildlife officers came across. This picture is a bald eagle that has been picked at, assumedly by other bald eagles. 



What was found 

Photo Credit:  Wildlife Rehabilitation Center of Northern Utah – Dalyn Erickson-Marthaler 
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This picture is of a pile of dead bald eagles.  As stated previously, these birds congregate.  It looks as if they just fell out of the tree and died.  The eagles that were recovered live were taken to rehabilitation facilities. 



What was found 

Photo Credit:  Wildlife Rehabilitation Center of Northern Utah – Dalyn Erickson-Marthaler 
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This picture is of an eagle that cannot hold its head up and is experiencing severe neurological symptoms. 



What was found 

Photo Credit:  Wildlife Rehabilitation Center of Northern Utah – Dalyn Erickson-Marthaler 
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This picture is of an eagle with different dilations of the pupils. 



 
 

Locations of Bird Mortality/Morbidity Events 
through March 2014 
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This is a map that shows the locations of the grebes and eagles .  This map doesn’t show the Great Salt Lake very well, but as you can see, the eagles were concentrated in the counties that the Great Salt Lake is located in.  In total, what was determined was: 85 Bald Eagles3 in rehab facility 15,000 – 20,000 eared grebes



Eared Grebe Necropsy 
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30 eared grebes were necropsied.  These birds were in good body condition, and showed epicardial pallor (paleness inner serous layer of the pericardium, lying directly upon the heart).  Petechial and pulmonary hemorrhage was also found.  



• Eagles 
– Heart: Necrosis & inflammation 
– Brain: Encephalitis & gliosis 
– Viral distribution: Heart, brain, peripheral nerves, 

lung, oral mucosa, kidney, thyroid gland, 
ventriculus, intestine 

Histopathology & Immunohistochemistry 
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Gliosis: A process leading to scars in the central nervous system that involves the production of a dense fibrous network of neuroglia (supporting cells) in areas of damage.



Bald Eagle Necropsy 

 

Photo credit: Dalyn Erickson-Marthaer, WRCNU 
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There were 8 bald eagles that were necropsied.  All were in good body condition and found fibrin within the pericardial sac as well as epicardial and endocardial pallor.  There was also white foci in the mouth.



Bald Eagle Necropsy 
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This is one of the brains viewed from behind.  There is a large area of meningeal hemorrhage, but note petechial hemorrhages on cerebellum.  This is a classic lesion of WNV.



What Was Ruled Out 
• Lead poisoning and other heavy metals 
• Organophosphate and poisoning 
• Avian cholera 
• Avian botulism 
• Avian vacuolar myelinopathy 
• Avian paramyxovirus and exotic Newcastle 

virus 
• Other bacterial and viral infections 
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Before a diagnosis of WNV was made in these birds, many things had to be ruled out.  Lead poisoning and other heavy metals, organophosphate and poisonings were ruled out early, while diseases such as avian cholera (which is often responsible for large scale die-offs), botulism, exotic Newcastle and other rare bacterial and viral infections were ruled out later.  Testing was pursued, and most birds were tested for most things, although not all birds were tested for everything.



Testing Summary 
• 44 birds from 7 counties tested 

– 10 Bald eagles (7 counties) 
 9/10 WNV positive by RT-PCR 

– 30 Eared grebes (all from Davis County) 
 30/30 WNV positive by RT-PCR 

– 4 Eurasian collared doves (Utah County) 
 0/4 ECDO WNV-positive by RT-PCR 

• Apparent titer is higher in cloacal swabs than 
tracheal swabs 
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44 birds from 7 counties were tested (the remaining eagles are still in the process of being examined and necropsied)	10 Bald eagles (7 counties)	30 Eared grebes (all from Davis County)	4 Eurasian collared doves (Utah County)The results were: 9/10 BAEA are WNV-positive by RT-PCR30/30 EAGR are WNV-positive by RT-PCR0/4 ECDO are WNV-positive by RT-PCR
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Basically, the reason I have this on here is to make me look smart!  This is a REALLY scientific way to say that this strain closely resembles other strains of WNV and that viral mutation is likely not the cause of this event.



 
WNV Activity Near Great Salt Lake, 

Utah, 2013 
 • 2 humans in Weber County 

‒  1 human in Salt Lake County 
‒  2  equine cases and 7 positive mosquito pools in 

 Box Elder County 
‒  2 positive mosquito pools in Utah County  
‒  2 sentinel chickens placed near Antelope Island   

 Causeway in Davis County 
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With these results, we again looked at the activity in Utah for the season.  WNV activity in the whole state and around the Great Salt Lake region was higher in 2013 than in 2012, but the activities in both years was significantly lower than the levels of activity seen in 2006. The data shown on this slide are for areas surrounding the Great Salt Lake only.  It is important to note that all of these positives occurred during the regular WNV season, before this mortality event occurred.



• Fukushima Daiichi nuclear disaster in Japan 
• Mercury and heavy metals 
• Obama’s policy on wind power 
• Obama in general 
• Oil and gas wells 
• Fracking 
• Contrails made by airplanes 
• Other Government conspiracies  

What was blamed for the event 



The Perfect Storm 
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In trying to find out what REALLY happened, it seems that the “perfect storm” occurred.  Utah had an unseasonably warm winter, with late season mosquito activity.  At this point in the investigation, it is assumed that the great number of grebes died from horizontal transmission from infected fomites (oral and/or cloacal shedding).  It is also assumed that the bald eagles were infected by ingestion of infected carcasses.  



Management Activities 

Photo Credit: Scott Root 
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There were so many carcasses on the Great Salt Lake that many offers came in to help clean them up.  Specifically, the Airboat Association.  Unfortunately, the water was too deep for airboats, and DWR didn’t have the manpower or the equipment to clean up all the carcasses.  Since the Great Salt Lake is so big, the carcasses were very spread out.  Nature just had to take its course.  For the next season, DWR closely monitored events on the Great Salt Lake.  They did find 12 grebes that died, and tested positive for botulism.  There were no cholera outbreaks and only a few avian flu cases, but no large mortality.  This monitoring will be continuing each season.



Next Steps 
• Examine the phylogenetic relationship of the WNV 

strains affecting bald eagles and grebes in Utah in 
2013-14 

• Deriving isolates from WNV-positive mosquito pools 
from counties surrounding the Great Salt Lake 

• Deriving isolates from WNV-positive raptors in 
adjacent regions 
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There are many things to consider and next steps that need to take place.  We want to examine the phylogenetic relationship of the WNV strains affecting bald eagles and grebes in Utah in 2013-14.  We want to derive isolates from WNV-positive mosquito pools from counties surrounding the GSL.  We also want to derive isolates from WNV positive raptors in adjacent regions.



Next Steps 
• Final list of viruses to be sequenced will be selected 

once a total set of viruses is available. 
• Experimental infection trials 
• Human health impact 
• Climate change and mosquito transmission 
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Once a total set of viruses are available, we want to be able to sequence those viruses.  Some has been sequenced already, but not all, therefore, no definitive comparisons have been made across the board. Also, if funding allows, experimental infection trials are being looked into.  In regards to human health, many questions are being asked.  Are the novel methods of transmission found in this event something that we need to consider in regards to human infection?  Will climate change affect the mosquito lifecycle and transmission season?  All of these questions are being investigated.
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