


























































Update on Adenovirus Infection in Mule Deer (Odocoileus hemionus) 2014-2015 as of 7/30/15 
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Wildlife Investigations Lab, California Department of Fish and Wildlife and the California Animal 

Health and Food Safety Laboratory 

History of Adenovirus in California 

In 1993 and 1994 a significant mortality event impacted California’s mule deer population across 

eighteen counties of Northern and Central California. Crude estimates at the time put the number of 

mortalities at over a 1000, primarily impacting fawns (Swift 1997, Woods et al. 1996). Necropsy findings in 

carcasses from the affected regions were similar to hemorrhagic disease caused by bluetongue virus (BTV) or 

epizootic hemorrhagic disease virus (EHDV). However, microscopic examination and transmission electron 

microscopy conducted by the California Animal Health and Food Safety Laboratory (CAHFS) discovered that a 

previously unrecognized adenovirus infection was the cause (Woods et al. 1996). The adenovirus was 

detected in carcasses from Siskiyou, Shasta, Tehama, Lake, Yuba, Nevada, Sacramento, Sonoma, Tuolumne, 

San Mateo, and Marin counties, and was suspected to be the cause of mortalities in Modoc, Trinity, 

Calaveras, Santa Clara, Monterey, San Luis Obispo, and El Dorado counties as well. It was also demonstrated 

in historical tissues dating as far back as 1987 in Sonoma County. 

Description of the Disease 

During the 1993/1994 and subsequent outbreaks, fawns were most impacted by the disease, though 

yearlings and adults were also affected. In inoculation studies, 80% of black-tailed fawns exposed to 

adenovirus developed the disease compared to 16% of yearlings (Woods et al., 1999; Swift, 1997). Because of 

the increased susceptibility of fawns, rehab centers that specialize in the care of abandoned fawns have been 

the site of adenovirus mortalities in Sonoma County in 1987, Nevada County in 1990, Nevada & Placer County 

in 1993, and Nevada County in 1994. 

In contrast to BTV and EHD which spread via an insect vector, inoculation studies on adenovirus 

show that the disease spreads via direct contact (Woods et al., 1999, 2001). It also appears to be highly 

contagious with signs of infection appearing almost simultaneously in the inoculated animals and the animals 

they are in contact with. The incubation period of the disease ranges from 4-16 days post exposure with 

death occurring acutely afterwards (Woods et al., 1999). It is associated with high levels of mortality; 60% of 

fawns housed in a Nevada County rehab facility died during a 1994 outbreak (Swift, 1997). Typical symptoms 

found in infected animals included; excess salivation, diarrhea, regurgitation, seizures, and an affinity for 

sources of water (Woods et al., 1996, 1999; Swift 1997). 

The deer adenovirus infection can take the form of both a systemic and localized infection. In both 

cases the primary impact of the virus is vasculitis or inflammation of the blood vessels. Inflammation of the 

endothelial cells lining the vessels can lead to necrosis or cell death and can result in leakage of fluid into the 

tissues, and loss of flow of oxygenated blood to regions of tissue. 

 In the systemic form of the infection the respiratory and digestive tracts are most affected by the 

disease. Vasculitis caused by the adenovirus is responsible for interstitial edema in the lungs, or a buildup of 



fluid, and in many cases can result in pneumonia (Woods et al., 1996). In the intestines the vasculitis can 

cause hemorrhage into the lumen or internal space (Woods et al., 1996). In both cases systemic infection by 

adenovirus can lead to acute death.  

The localized form of the infection results in focal lesions throughout the upper alimentary tract and 

can cause infarcts with secondary bacterial infection and abscess formation (Woods et al., 2001b). Abscesses 

resulting from adenovirus have been noted in the lips, tongue, gingiva, hard palate, nasal cavity, pharynx, 

esophagus, and abomasum (Woods et al., 1999, 2001a). These lesions can also be present in animals showing 

signs of systemic infection. While the lesions themselves are unlikely to be life-threatening, they can lead to 

starvation or septicemia and therefore result in death. 

Current Update 

Adenovirus has been ruled as the cause of death in black-tailed deer (Odocoileus hemionus 

columbianus), and other subspecies of mule deer (Odocoileus hemionus ssp.) in several California counties 

starting in the summer of 2014 and continuing throughout the winter and spring of 2015. Adenovirus has 

been identified in eight of the seventeen deer that have been submitted to CAHFS in 2015 as of the 30th of 

July. This marks a substantial jump from the four deer, out of forty-eight, in which adenovirus was 

determined to be the cause of death in 2014, and the one deer from 2013. The twelve diseased deer from 

the 2014/2015 period were submitted from nine unique events spanning from June of 2014 to July of 2015 

and came from Amador, El Dorado, Fresno, Marin, Mariposa, Shasta, Siskiyou, and Yolo counties.  

As in past mortality events fawns have been most affected by the adenovirus with six of the twelve 

animals coming from this group. However, the fact that the majority of the deaths thus far in 2015 have 

occurred outside of the fawning season and that three of the four adults were reported to be in fair to good 

body condition with reasonable stores of fat is a reminder of the high morbidity and mortality associated 

with this disease. 

 For all twelve animals in 2014 and 2015 where adenovirus was positively identified in tissues, it was 

also determined to be the cause of death. All animals showed signs of the systemic infection with widespread 

vasculitis. Nine of the twelve animals had pulmonary edema characterized by an enhanced lobular pattern 

and ten had hemorrhagic enteropathy. Bloody diarrhea was noted in eight of the animals submitted for 

necropsy, but lesions associated with the localized form of the infection were not mentioned in any of the 

reports.  

For the fifty-three deer submitted to CAHFS where adenovirus was not found, diagnoses varied 

widely (See Table 1 for full list). Animals were submitted from nineteen counties. Thirty of the animals had 

some pathology of the lung including; mild edema (9/53), abscesses, hemorrhage, and pneumonia (20/53). 

Other common findings were nutritional deficiencies (21/42 had a selenium deficiency and 18/41 had low 

tissue copper levels), encephalitis (7/53), myopathy (4/53), gastrointestinal disorder (12/53), and trauma 

(11/53). Though the agent of disease was not always identified, after adenovirus the bacterium Trueperella 

pyogenes, a common cause of secondary infection, was the greatest cause of pathology in the submitted 

deer (5/53). Other infectious agents included Clostridium sp., Enterobacter sp., EHD, Listeria encephalitis, 

Bibersteinia, and various endoparasites (Parelaphostongylus odocoilei, Setaria, Trichostrongyles, etc). Chronic 

wasting disease (CWD) samples were submitted from ten counties: El Dorado, Fresno, Kern, Madera, 

Sacramento, San Luis Obispo, Shasta, Siskiyou, Trinity, and Yolo. CWD was not found in any of the 17 deer 



tested, and was also negative in the obex and retropharyngeal lymph nodes of an additional 4 deer that were 

not included in this report from the 2014-2015 period. Adenovirus was the most common definitive cause of 

death, particularly in 2015 in which it accounted for 47% of the submissions. 

Field Investigation 

Current evidence indicates that we are in the middle of a significant period of adenovirus mortality, 

which may have begun in the summer of 2014. The factors resulting in increased adenovirus mortality in a 

given year remain as elusive today as they were in 1993, though the continued severity of the drought may 

very well play into the epidemiology of the disease as groups of deer congregate to acquire water and food 

resources. Deer may also congregate around artificial feeding sites and increase their exposure to infected 

deer. Biologists should keep an eye out for deer showing the following symptoms; excess salivation, diarrhea, 

regurgitation, and seizures (Woods et al., 1996, 1999; Swift 1997). Increased mortality of fawns should also 

be monitored, and fresh carcasses should be considered for necropsy.  

Currently, we have a scattering of reports from around Northern and Central California, but past 

outbreaks of adenovirus indicate that we are now in the time of year where peak mortalities should be 

occurring. While estimating the impact of adenovirus mortality in herds across the state may be a difficult 

endeavor, accurate records should be maintained by local biologists to the extent possible to at least gauge 

the impact to local herds and to monitor the spread of the virus. Any indication of a mortality event taking 

place in your region should be reported to the big-game veterinarian for the Wildlife Investigations 

Laboratory, Ben Gonzales, (916) 358-1464, Ben.gonzales@wildlife.ca.gov. Members of the public should be 

advised to report deer mortalities to both their local biologist, and the Wildlife Investigations Lab via our 

online mortality reporting form. 

 https://www.wildlife.ca.gov/Conservation/Laboratories/Wildlife-Investigations/Monitoring/Mortality-Report 

Keep in mind that the deer adenovirus is a pathogen specific for white tail and mule deer including 

black tail deer and does not affect domestic livestock, nor is it a human health risk.  However, as is true with 

any dead animal, people should wear gloves when handling carcasses and domestic dogs should be 

prevented from scavenging the remains of deer. 
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Table 1: Deer Mortalities Submitted to CAHFS (2014-2015) by County with Findings as of 7/30/15

CAHFS # Date Age Sex County Findings Cause of Death AV AV Test

D1415744 12/23/2014 A F Alameda Pericarditis, endometritis, lung worm infection Clostridium infection NT NA

D1407575 6/19/2014 A M Amador Vasculitis, pulmonary edema Adenovirus P IHC, FA, PCR

D1403672 3/27/2014 J U Contra Costa Pneumonia Meconium aspiration NT NA

D1403672 3/28/2014 J U Contra Costa Alveolitis Meconium aspiration NT NA

D1401770 2/11/2014 A F El Dorado No significant findings due to autolysis Unknown NT NA

D1407790 6/24/2014 A M El Dorado Dermatitis, encephalitis, pneumonia, gunshot Euthanasia NT NA

D1413423 10/28/2014 J F El Dorado Pneumonia, hemorrhagic enteritis Adenovirus P IHC, FA, PCR

D1501183 1/10/2015 J F El Dorado Pneumonia, hemorrhagic enteritis Adenovirus P IHC, FA, PCR

D1505318 3/21/2015 J F El Dorado Pneumonia Adenovirus P FA, IHC

D1400993 1/23/2014 A F Fresno Peritonitis, abomasal abscesses Cysticercus NT NA

D1400997 1/23/2014 A F Fresno Pneumonia, rumenitis, gunshot Euthanasia NT NA

D1412030 9/25/2014 J F Fresno Systemic vasculitis Adenovirus P FA, PCR

D1410922 9/5/2014 J F Humboldt Emaciated Nutritional N FA

D1410922 9/5/2014 J U Humboldt Emaciated Nutritional N FA

T1500057 1/8/2015 A M Kern Pulmonary abscesses, meningeal abscess, dermatitis Trueperella pyogenes N PCR

D1412031 7/4/2014 J U Lake No significant findings due to autolysis Unknown N IHC, PCR

D1412031 7/4/2014 A F Lake Cu deficiency Unknown N FA, PCR

D1409243 7/30/2014 J F Lake Pneumonia, subcutaneous edema EHD N IHC, FA, PCR

D1412288 10/1/2014 A F Lake Meningoencephalitis, pneumonia Unknown N FA, PCR

D1413416 10/27/2014 J M Lake Pulmonary thrombosis, myocardial necrosis, myopathy Unknown N PCR

D1509213 6/26/2015 A M Lake Pleuritis, epicarditis, pneumonia Trueperella pyogenes N FA, PCR

D1407708 6/24/2014 A F Madera Interstitial pneumonia, encephalitis, gunshot Euthanasia N FA

D1411917 9/25/2014 A M Madera Rumen acidosis, encephalitis, gunshot Euthanasia N FA

D1503456 1/14/2015 J F Madera Fractured Skull, fractured Tibia, pneumonia, gunshot Euthanasia NT NA

D1503457 2/5/2015 J F Madera Hepatocellular degeneration, pneumonia Poss. Heart Failure N FA, PCR

D1506855 5/12/2015 J F Marin Colitis Bacterial NT NA

D1509325 7/6/2015 A F Marin Pneumonia Adenovirus P FA, PCR

D1413993 11/10/2014 U F Mariposa Rectal hemorrhage, peritonitis Trueperella pyogenes N FA

D1509811 7/15/2015 J U Mariposa Vasculitis, pulmonary edema, hemorrhagic enteritis Adenovirus P IHC, FA, PCR

D1507833 6/3/2015 A F Mendocino Hemorrhagic enteritis, bronchiolitis, gunshot Euthanasia N FA,IHC

D1410710 8/22/2014 A M Napa Pneumonia, gunshot Euthanasia N FA, PCR

D1410170 9/29/2014 J M Napa Meningoencephalitis, hemothorax, pneumonia Poss. EHD N FA, PCR



CAHFS # Date Age Sex County Findings Cause of Death AV AV Test

D1404727 4/22/2014 A F Sacramento Euthanasia drug, dermatitis and poor nutrition Euthanasia (IV) NT NA

D1412431 10/7/2014 A M Sacramento Renal lymphoma, rumen acidosis Acidosis N PCR

D1415529 12/18/2014 J F Sacramento Gunshot Euthanasia NT NA

D1415529 12/18/2014 J F Sacramento Gunshot Euthanasia NT NA

D1415529 12/18/2014 A F Sacramento Gunshot Euthanasia NT NA

D1415529 12/18/2014 A F Sacramento Gunshot Euthanasia NT NA

D1415529 12/18/2014 A M Sacramento Gunshot Euthanasia NT NA

D1402998 3/14/2014 J M San Luis Obispo Pneumonia, nephritis, adrenal hemorrhage Euthanasia NT NA

D1410687 8/28/2014 J F San Luis Obispo Meningitis, adrenal hemorrhage, thrombosis Listeria encephalitis N FA

D1408087 7/2/2014 A M Shasta Pneumonia, pharyngitis, tonsilitis, Se Deficiency Trueperella pyogenes N FA, PCR

D1409795 8/12/2014 A F Shasta Hemothorax, pneumonia, regional vasculitis Adenovirus P FA, PCR

D1410926 9/5/2014 J U Shasta Aspiration pneumonia Enterobacter cloacae N FA

D1410924 9/5/2014 A M Shasta Myocardial necrosis, aspiration pneumonia Result of aspiration N PCR

D1411758 9/10/2014 U U Shasta Myocarditis, myopathy, bronchopneumonia Hemolytic crisis N FA, PCR

D1413566 8/27/2014 U F Siskiyou Peritonitis Microcystins NT NA

D1413568 9/3/2014 U M Siskiyou Interstitial pneumonia, nephritis, hepatopathy Unknown N IHC

D1413564 9/8/2014 U U Siskiyou Bronchopneumonia Trueperella pyogenes N IHC

D1413565 9/10/2014 A F Siskiyou Interstitial pneumonia, tracheitis Unknown N IHC

D1414296 9/26/2014 J U Siskiyou Pharyngitis, esophagitis, glossitis, gunshot Euthanasia N IHC, FA, PCR

D1412723 10/7/2014 A M Siskiyou Encephalitis, kidney edema, gunshot Euthanasia N PCR

D1412728 10/9/2014 J M Siskiyou Nephrosis, rumenitis, myocarditis, gunshot Euthanasia N IHC, PCR

D1413567 10/18/2014 U M Siskiyou Myopathy, pneumonia, gunshot Euthanasia N IHC

D1413563 10/30/2014 A M Siskiyou Pneumonia, rumenitis, mandibular abscess Unknown N IHC, FA, PCR

D1502819 2/19/2015 A F Siskiyou Generalized inflammation, pneumonia, Cu/Se Deficiency Poss. nutritional N PCR

D1502819 2/19/2015 J F Siskiyou Pleuritis, epicarditis, myopathy, Cu/Se Deficiency Poss. nutritional N PCR

D1505165 3/11/2015 A F Siskiyou Emaciated, Cu/Se Deficiency Nutritional NT NA

D1509860 7/16/2015 J F Siskiyou Vasculitis, hemorrhagic enteritis Adenovirus P FA, PCR

D1509860 7/16/2015 J M Siskiyou Vasculitis, hemorrhagic enteritis Adenovirus P FA, PCR

D1509860 7/16/2015 J U Siskiyou Vasculitis, hemorrhagic enteritis Adenovirus P FA, PCR

D1411759 9/23/2014 A M Trinity Myocarditis, rumenitis, hemorrhagic enteritis Hemolytic crisis N FA, PCR

D1412729 10/2/2014 J F Trinity Rumenitis, gunshot Euthanasia N PCR

D1500084 1/5/2015 A F Yolo Vasculitis, pneumonia, hemorrhagic enteritis Adenovirus P IHC, FA

D1400168 1/6/2014 J M Yuba Hepatitis, pneumonia, nephritis, enteritis, trauma Predation NT NA



A = Adult (>2) M = Male IHC = Immunohistochemistry NT= Not Tested

J = Juvenile  (<2) F = Female PCR = Polymerase Chain Reaction P = Positive

U = Unknown FA = Fluorescent Antibody N= Negative




