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Phocine distemper virus (PDV) has caused 2 harbor seal epidemics in the Atlantic Ocean, but had never 

been identified in any Pacific Ocean species. We found that northern sea otters in Alaska are infected 

with PDV, which has created a disease threat to several sympatric and decreasing Pacific marine 

mammals. 

In northern Europe, phocine distemper virus (PDV) caused 2 epidemics that resulted in 

23,000 harbor seal deaths in 1998 and >30,000 deaths in 2002 (1). PDV has also been associated 

with seal deaths on the eastern coast of the United States and Canada, which shows the persistent 

threat of this virus to Atlantic marine mammal populations (2). Serologic surveys before 2000 

indicated that Pacific marine mammals had not been exposed to PDV (3,4), and this virus had 

never been identified as the cause of illness or death in the North Pacific Ocean. In this region, 

specifically in Alaska, northern sea otters (Enhydra lutris kenyoni) are one of many species that 

have had population decreases since the 1980s. Steller sea lion (Eumetopias jubatus), northern 

fur seal (Callorhinus ursinus), and most recently, harbor seal (Phoca vitulina) populations have 

all decreased (4–6). 
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The Study 

In 2004 and 2005, strong serologic evidence of exposure to a PDV-like morbillivirus was 

obtained by serum neutralization for ≈40% (30/77) of live captured sea otters sampled in the 

eastern Aleutian Islands (Fox Island, South Alaska Peninsula) and Kodiak Archipelago (T. 

Goldstein et al., unpub. data) (Figure 1, panel A, southwest stock). These captures were part of 

an investigation into potential causes of a precipitous decrease in the population that resulted in a 

US Endangered Species Act listing. Although northern sea otters are found along the western 

coast of Alaska, Canada, and Washington and in the Aleutian Islands, only the southwest stock 

in Alaska has been decreasing (9) (Figure 1, panel A). As little as 50% of the southwest stock 

remains from the 1980s, and the Aleutian Archipelago population decreased from ≈74,000 to 

8,742 sea otters by 2000 (Figure 1, panel A). 

In 2006, the US Working Group on Marine Mammal Unusual Mortality Events declared 

an unusual mortality event for northern sea otters; large numbers of deaths were documented in 

southcentral Alaska adjacent to the threatened southwest stock (V. Gill, unpub. data) (Figure 1, 

panel A). Necropsies showed a high prevalence of valvular endocarditis (43%), and septicemia 

in mature adults associated with various strains of Streptococcus infantarius subsp. coli (S. 

bovis/equinus complex) and inconsistent intracytoplasmic inclusions were present. However, a 

primary site of bacterial infection could not be identified in most infected animals, despite this 

high prevalence of lesions. In humans, S. bovis is a major cause of valvular endocarditis and is 

often associated with preexisting pathologic changes of the colon, underlying disease, and 

immunosuppression (10). This disease is often sporadic and secondary to chronic recurrent 

bacterial seeding from a primary site of infection or secondary to heart valve abnormalities. The 

lack of underlying bacterial infection or heart valve defects indicated the presence of a primary 

immunosuppressive viral infection. 

To further investigate serologic evidence and necropsy findings, we looked for 

morbilliviral nucleic acid in nasal swabs archived from live otters and in tissue (brain, lung, 

lymph node) from 9 stranded carcasses from Kachemak Bay (southcentral stock, Figure 1, panel 

A) examined during 2005–2008. Total RNA was extracted by using Tri Reagent (Sigma, St. 

Louis, MO, USA) and complimentary DNA was transcribed by using Superscript III (Invitrogen, 

Carlsbad, CA, USA) with random nonamers. A heminested PCR was performed with universal 
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morbillivirus primers and a PDV-specific primer for the phosphoprotein gene (11). Products of 

the expected size were sequenced. 

Morbilliviral nucleic acid was amplified from 8 nasal swabs from live otters (10%, 8/77) 

and from lung, lymph node, or brain from 3 dead otters. Sequence analysis identified a PDV 

fragment identical to that of the isolate from the 2002 outbreak in northern Europe. This PDV 

fragment differed from the 1988 isolate at 2 nucleotide positions (Technical Appendix, available 

from www.cdc.gov/EID/content/15/6/pdfs/09-0056-Techapp.pdf; Figure 2). The PDV-positive 

nasal swabs were from 5 juveniles and 3 adults, 7 from the Kodiak Archipelago and 1 from the 

Eastern Aleutians. Seven of these 8 otters were also positive for antibodies to PDV by serum 

neutralization. The dead PDV-positive otters were 2 adults and 1 juvenile from Kachemak Bay 

sampled during 2005–2007. The cause of death in these animals included meningoencephalitis or 

sepsis with or without valvular endocarditis. This finding mirrors the secondary bacterial 

infections characteristic of infected and immunosuppressed European harbor seals during PDV 

epidemics (1). 

Conclusions 

These results demonstrate that PDV has been introduced to the North Pacific Ocean since 

2000. All Pacific marine mammal species are now at risk for phocine distemper–induced 

population decreases. Although additional work is needed to determine if PDV has played a role 

in the decrease in the sea otter population, its association with lesions in carcasses, especially in 

animals that have died of bacterial infections, suggests it may contribute to ongoing deaths. Viral 

nucleic acid in nasal swabs from free-ranging, live-captured otters confirms viral shedding. 

Therefore, otters are capable of transmitting PDV to conspecifics and other species. 

Because the PDV fragment isolated from Alaskan otters is identical to that of the 2002 

Atlantic isolate, this virus was likely transmitted to the North Pacific Ocean after the 2002 

European epidemic, although it is remotely possible that it may have originated in the North 

Pacific Ocean during 2000–2002. Several ranges of seal species overlap across the Atlantic and 

Arctic Oceans (Figure 1, panel B). Arctic and sub-Arctic migrating seals have also been 

suggested to be carriers of PDV (1). In the Atlantic Ocean, gray seals (Halichoerus grypus) are 

vectors of PDV that enable spread of disease to harbor seal populations and provide contact 
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between North Sea and Arctic Ocean species (12) (Figure 1, panel B). Although PDV vector 

species are largely unknown, the close phylogenetic relationship and geographic range of 

susceptible seals with other seal species makes this intraspecies contact the likely method of 

transmission through the Arctic to the Pacific Ocean. Now that PDV is in the Pacific Ocean, the 

diversity and abundance of seal and sea lion species creates the potential for viral transmission 

(Figure 1). 

Serologic evidence indicates that the 1988 Atlantic PDV virus did not reach the Arctic or 

Pacific regions of Alaska. The decrease in sea ice during the 14 years between these epidemics 

may have affected movement of Arctic seal populations (Technical Appendix Figure 2). This 

reduction was even more pronounced in 2004 and 2005, years in which PDV was confirmed to 

have infected sea otters (Technical Appendix). Ice coverage is at its lowest level during August 

and September (14). In 1988 and 2002, the PDV epidemic had reached gray and harbor seal 

populations in the North Sea and Norwegian Sea by August. This sea ice reduction may have 

altered seal haul-out and migration patterns, resulting in contact between Atlantic, Arctic, and 

Pacific Ocean species that was not possible in 1988 and the few years afterwards. 

Now that PDV has been found in the Pacific Ocean, its role in population decreases and 

future mortality rates of currently uninfected species of marine mammals in Alaska must be 

assessed. A subspecies of the susceptible Atlantic harbor seal, the Pacific harbor seal is 

potentially vulnerable to PDV, and with a range from Alaska and along the West coast of the 

United States, they have enormous potential to spread the virus. Additionally, because terrestrial 

and marine Arctic species from Canada have previously been exposed to PDV, the risk for 

predatory and scavenging North Pacific Ocean carnivore species must not be overlooked (15). 

All seal species in the Arctic and Pacific Oceans are threatened, especially those with limited 

numbers, and epidemic management strategies must be in place to protect critically small 

populations. 
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Figure 1. Distribution of Arctic and sub-Arctic pinnipeds in relation to Arctic ice coverage representing a 

unique area where distribution ranges of multiple seal species overlap (7,8). A) North Pacific Ocean 

region showing the range of the northern sea otter (Enhydra lutris kenyoni) in Alaska, its population stock 

delineations, and sample collection locations for the study. 1, Kachemak Bay; 2, Kodiak Archipelago; 3, 

South Alaska Peninsula; 4, Fox Island. These locations and seal species range overlap. This overlap 

indicates potential for phocine distemper virus disease transmission among Arctic and sub-Arctic pinniped 

species in this highly productive region. B) Circumpolar Arctic region showing species overlap among 

Arctic pinnipeds and the potential for disease transmission from the Atlantic Ocean through the Arctic 

Ocean to Alaska (outlined) by migrating seal species. The black areas indicate ranges of Atlantic harbor 

and gray seals; the areas exclusive to gray seal are bordered with a broken line. The boxed region 

corresponds to the Arctic region containing sea otter populations shown in panel A. 
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Figure 2. Neighbor-joining bootstrap tree (1,000 replicates, pairwise deletion comparisons, Tamura-Nei 

model) comparing all known corresponding phosphoprotein gene fragments from morbilliviruses 

(Technical Appendix, available from www.cdc.gov/EID/content/15/6/pdfs/09-0056-Techapp.pdf) by using 

Molecular Evolutionary Genetics Analysis software version 3.1 (www.megasoftware.net/mega.html) . 

Scale bar indicates number of nucleotide substitutions per site. 
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