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Abstract:
In Autumn, 2018, California sea lions along the Northern California coast suffered
from the second largest outbreak of leptospirosis ever recorded. Leptospirosis has
caused periodic outbreaks in California sea lions since 1984, resulting in large
stranding and mortality events. Leptospirosis is caused by Leptospira interrogans, a
bacterium that is spread through the urine of hosts and can infect most mammals.
Sea lions are unique in that some individuals in the population act as reservoir
hosts, while others are accidental hosts. Accidental hosts exhibit acute symptoms of
the infection, often leading to kidney failure and death. Because of this variability
in host responses, reservoir host sea lions likely are the cause of the persistence of
leptospirosis in the population. To reduce disease transmission in this population, I
propose limiting access of sea lions to area that are most likely to facilitate
transmission. Further, I propose to reduce the likelihood of a spillover into
terrestrial hosts by reducing spatial and temporal overlap between sea lions and
potential canine or human hosts.
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Introduction
In mid-October 2018, a marine mammal rehabilitation hospital in California struggled to keep up
with an onslaught of sick and dying animals. Large numbers of California sea lions (Zalophus
californianus) were admitted with leptospirosis, an often-deadly bacterial infection. While some
animals were treated and returned to the wild, two thirds of the animals that stranded with
leptospirosis succumbed to the disease (Gulland et al. 1996). The Marine Mammal Center in
Sausalito, CA, has observed leptospirosis in sea lions since 1970, and periodic outbreaks since
the 1980s (Gulland et al. 1996). The 2018 outbreak is the second-largest they have responded to,
with over 220 sea lions admitted from January to October (Marine Mammal Center 2018). That
number is likely to increase, as leptospirosis outbreaks are most common in autumn months
(Gulland et al. 1996). The Center, whose mission is to rescue and rehabilitate protected marine
mammal species along the California Coast, is likely to see more mortality as a result of
leptospirosis before the year’s end.
Leptospirosis is caused by the Leptospira spp. bacteria, and is widespread, capable of infecting
most mammals, including rodents, raccoons, pigs, foxes, and marine mammals (ColagrossSchouten et al. 2002). Leptospira is transmitted through the urine of infected hosts and can infect
hosts through drinking contaminated water or inhalation through mucosal membranes (World
Health Organization 2009). Leptospira also have the potential to infect dogs and humans (Wang
et al. 2007). California sea lions spend significant amounts of time on land, migrate along the
entire U.S. West Coast, and frequent urbanized areas (Weise 2006). The widespread nature of
both the bacteria and sea lions suggests that leptospirosis outbreaks in sea lions could pose a
threat to the humans and domestic animals that spatially overlap with sea lions, posing a risk to
canine and human health (Lloyd-Smith et al. 2007).
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Controlling any disease in a wild marine animal is difficult, but because California sea lions
share significant spatial overlap with humans, some control is necessary to reduce both the
mortality in sea lions and the potential for human infection. In the following report, I will
address: 1) the life cycle and pathology of the Leptospira bacterium, 2) the mammalian species
susceptible to Leptospira spp. infection and how it impacts and is treated in dogs and humans, 3)
what current research has shown about its prevalence in sea lions, and 4) my plan to control
leptospirosis in California sea lions.
Thesis
Through reducing exposure among sea lions and between sea lions and potential terrestrial hosts,
the proposed control solutions will help reduce both disease prevalence in sea lions and the
likelihood of a spillover event occurring.
Leptospirosis as a parasite
Leptospirosis is caused by an infection of Leptospira interrogans, and its life cycle and
persistence in the environment explain its classification as a parasite. Leptospirosis is a zoonotic
disease caused by Leptospira spirochetes, or spiral-shaped bacteria (Lloyd-Smith et al. 2007). L.
interrogans infects many mammalian hosts through leptospires. Leptospires are the infectious
stage of the Leptospira bacteria that can be either pathogenic or non-pathogenic (World Health
Organization 2009). Pathogenic leptospires persist in the wild in the renal and genital tracts of
many mammals, or in contaminated water sources (World Health Organization 2009).
Life Cycle
When an organism encounters urine from an infected animal or contaminated water, they can
become infected with leptospires (Faine et al. 1999). Leptospires penetrate the skin or mucosa,
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and once in the body, the bacteria have developed adaptations for hiding from the immune
system (Schmid et al. 1986, Wang et al. 2007). Pathogenic leptospires can translocate through
the host’s cells faster than nonpathogenic counterparts, which allows the bacteria to rapidly make
it to the bloodstream and get transported to multiple organs (Wang et al. 2007). These leptospires
can enter the connective cell tissues in the kidney and can cause apoptosis, or cell death (Wang et
al. 2007). Once the Leptospira spp. colonize the kidney of an infected individual, leptospires are
shed in the urine (Faine et al. 1999). The life cycle of L. interrogans is represented in Figure 1.
The presence of L. interrogans in the environment depends on the prevalence of infected animals
in the area (Garchitorena et al. 2017). Leptospira spp. survive well in warm, moist, alkaline
conditions for weeks to months, and cannot tolerate salinity greater than 1% (Fame 1993).
However, viable leptospires have been found in sand, thus they can be transmitted through
contamination in the coastal environment (Cameron et al. 2008). While it is unknown how long
Leptospira spp. can persist in sand, because the bacteria favor moist environments they could
remain viable for a similar duration of weeks to months after being shed (World Health
Organization 2009, Cameron et al. 2008). This makes it dangerous to coastal species that spend
time on beaches or in estuaries.

Figure 1: From Faine et al. 1999. The life cycle
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of Leptospira spp.
Pathology
Specific strains of leptospires are called serovars (World Health Organization 2009), and the
serovar of L. interrogans determines how harmful the infection can be. Serovars can be host
adapted and non-host adapted (Heath and Johnson 1994). If a serovar infects an animal to which
it is adapted, the animal develops a mild, asymptomatic disease (Colagross-Schouten et al.
2002). An infected animal may continue to shed viable leptospires for its entire lifetime, further
contaminating the environment and infecting susceptible members of the same species (Bharti et
al. 2003). These individuals that carry the disease without symptoms are reservoir hosts for the
bacteria, amplifying the disease in the environment by shedding infectious leptospires for the
duration of their lives (Lloyd-Smith et al. 2007). Animals that are infected with non-host adapted
serovars are termed accidental, or dead-end hosts (Lloyd-Smith et al. 2007). These hosts usually
suffer from infection with acute signs of severe disease, including malaise and multi-organ
failure, often leading to mortality (Lloyd-Smith et al. 2007, Heath and Johnson 1994, ColagrossSchouten et al. 2002). In accidental hosts, symptoms include meningitis, pneumonitis, hepatitis,
nephritis, pancreatitis, and erythema nodosum, and death (Wang et al. 2007). Because of the
high mortality in accidental hosts, they spend less time in the environment and thus have less
potential to infect other vulnerable species (Heath and Johnson 1994, Colagross-Schouten et al.
2002).
Leptospriosis in wild animals, pets, and humans
Wildlife
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Leptospirosis is commonly found in mammalian species, making it a threat throughout the
world. L. interrogans in the Pacific Northwest is commonly transmitted in the wild by rodents
and racoons, though it is also found in foxes, white-tailed deer, mice, frogs, wild boars,
hedgehogs, and marine mammals (Smith et al. 1974, Baulu et al. 1987, Andre-Fontaine and
Gainere 1990, New et al. 1993, Colagross-Schouten et al. 2002). L. interrogans serovar Pomona
has been associated with skinks, foxes, skunks, opossums, and California sea lions (Alton et al.
2009, Ferris and Andrews 1966, McIlhatten et al. 1971). It is also found in more synanthropic
species like livestock and pets (Srivastava et al. 2006). Cattle, buffalo, horses, sheep, goat, pigs,
as well as dogs and rodents are common reservoirs hosts of leptospires, posing a risk to human
health (World Health Organization 2009). While the reservoir hosts amplify the bacteria in the
environment, infected accidental hosts can suffer from renal and hepatic disease (Alton et al.
2009, Bharti et al. 2003). There is evidence that the potential for environmental contamination
and transmission increases in colder, wetter seasons, when there is more rain to transport the
leptospires (Ferris and Andrews 1966).
Dogs
Dogs are particularly susceptible to several serovars of L. interrogans, including serovar Pomona
(Aiden and Cowgill 2000, Barr et al. 2005). In dogs, the most common form of transmission is
from drinking water contaminated with leptospires, often following rainfall (Ward 2002). In dogs
that become accidental hosts, L. interrogans can cause kidney damage over time (World Health
Organization 2009, Alton et al. 2009). Severe cases of leptospirosis can result in death, with a
10-20% fatality rate (Klassen et al. 2003, Alton et al. 2009). Dogs can be vaccinated against L.
interrogans for up to one year, though they continue to shed the bacteria when vaccinated
(Klassen et al. 2003, Barr et al. 2005). Leptospirosis vaccines are recommended for at-risk dogs,
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including those that drink from streams or puddles, spend significant amounts of time with
livestock, or come into contact with wildlife frequently (American Veterinary Medical
Association 2018). Dogs that carry the bacteria are capable of infecting humans through contact
with urine (Bharti et al. 2003, Wang et al. 2007).
Humans
Leptospirosis is considered a neglected tropical disease, but it is also widespread, infecting
people throughout the world (Bharti et al. 2003). There have been outbreaks in the United States,
Australia, New Zealand, Russia, Europe, and Asia (Srivastava et al. 2006). The disease was first
detected in North America in 1950 (Beeson et al. 1951). Historically it was seen as an
occupational disease of people who are in frequent contact with rodents, pets, or contaminated
water (Bharti et al. 2003, Wang et al. 2007). Now, leptospirosis is commonly contracted in
unhygienic and crowded living conditions, through recreational activities in water, in rural areas,
or on farms (Desmarchelier 1987, Godinez et al. 1999, Bharti et al. 2003). Infections of humans
have mainly been associated with exposure to the urine of infected animals (Klassen et al. 2003).
Humans infected with L. interrogans exhibit a broad range of symptoms (Haake and Levitt
2015). In some cases, the infection results in fever, myalgia, and headache, which can be
mistaken for influenza or dengue fever (Haake and Levitt 2015). Leptospirosis can also result in
meningitis, pneumonitis, hepatitis, nephritis, pancreatitis, and erythema nodosom (Wang et al.
2007). In severe cases, it can result in widespread organ failure, and death (Wang et al. 2007,
Haake and Levitt 2015).
Leptospirosis in California sea lions
California sea lions
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California sea lion populations were historically reduced through bounties and harvest (Laake et
al. 2018). Since the establishment of the Marine Mammal Protection Act in 1972, populations
have steadily increased (Carreta et al. 2016). The population along the west coast of North
America has expanded the boundaries of its range to include Oregon, Washington, British
Columbia, and Southeast Alaska (Figure 3) (Laake et al. 2018). However, recent declines in sea
lion pup production and survival may indicate that the west coast population has stopped
growing (Laake et al. 2018), suggesting that the population has reached carrying capacity. The
west coast population breeds from May to August in the Channel Islands, after which adult males
migrate to foraging areas and haul-out sites from Northern California to Southeast Alaska
(Riedman et al. 1990, Maniscalco et al. 2004, Laake et al. 2018). Males become more migratory
as they age, with adults travelling the farthest (Riedman et al. 1990).
Figure 3: From Laake et al.
2018. The range of
California sea lions along
the west coast of North
America, based on data
from 1987-2014. Circles
are breeding locations in
the U.S., triangles are
breeding locations in
Mexico.
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Adult males spend 20–55% of their time hauled out on shore, often in close proximity to other
sea lions (Weise 2006). Leptospires can persist in the coastal environment and are transmitted
through contact with infected urine (Cameron et al. 2008). This makes California sea lion haul
out sites the perfect setting for both zoonotic disease transmission and long-term persistence in
the population (Cameron et al. 2008). Unfortunately for humans, these haul-out sites often are in
areas that are heavily used by people. Figure 4 shows two photos, one of sea lions hauled out on
a crowded California beach, and the other of a dog interacting with a sea lion. Diseased sea lions
frequently strand along the California coast, which is a busy coastline used by people, pinnipeds,
rodents, and domestic animals (Cameron et al. 2008). This makes transmission to both
conspecifics and other species, including dogs and humans, a potential threat (Lloyd-Smith et al.
2007).

(a)
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(b)
Figure 4: a) A photo of California sea
lions hauled out on a California beach,
with beach goers in the background.
Photo by Smithsonian Magazine. B) A
photo of a dog in close contact with a
sea lion on a beach. Photo by Hajnalka
Kovacs Stiblane.

History of leptospirosis in California sea lions
Leptospirosis in California sea lions was first detected along the west coast of the U.S. in 1970
(McIlhattan et al. 1971). The disease is mainly caused by Leptospira interrogans, specifically the
Pomona serovar (McIlhattan et al. 1971). Since 1984, there have been cycles of epizootic
outbreaks in sea lions along the west coast of the U.S. every 3–5 years (Dierauf et al. 1985,
Gulland et al. 1996, Lloyd-Smith et al. 2007). Figure 5 shows the periodic outbreaks of
leptospirosis in sea lions in Northern California since 1983. It is most common in subadult or
adult males in autumn months (Gulland et al. 1996, Colagross-Schouten et al. 2002). At the
Marine Mammal Center, which has treated sea lions during every outbreak, males were nearly
five times as likely to have leptospirosis than females (Colagross-Schouten et al. 2002). The
disease is most commonly seen in animals that strand in the northern parts of the sea lion range.
While leptospirosis has been detected in Southern California, it is considered rare (Howard et al.
1983, Lloyd-Smith et al. 2007).
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Figure 5: From the Marine Mammal Center. Monthly strandings of sea lions with
Leptospirosis. Note the cyclic outbreaks every 3-5 years. The largest outbreak was
in 2004, though the 2018 outbreak is not included in this figure.
Pathology
L. interrogans is endemic within sea lion populations, though California sea lions are unique in
that they can be either accidental or reservoir hosts (Lloyd-Smith et al. 2007). While most
species are either a reservoir host or an accidental host to Leptospira spp., California sea lions
within the same population show variable responses, with some harboring the bacteria without
symptoms, and others dying from the disease. It is unknown why sea lions show such
significantly varied responses to L. interorgans (Lloyd Smith et al. 2007). It has been
hypothesized that the combination of host-adapted and non-adapted traits could be a property of
the serovar Pomona, or it may be that multiple serovars are circulating in the population (LloydSmith et al. 2007). When acute, the infection usually leads to mortality, even if it is treated at a
rehabilitation center like the Marine Mammal Center (Lloyd-Smith et al. 2007). Leptospirosis in
accidental host sea lions can be identified by distinct symptoms, including severe depression,
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emaciation, extreme thirst, and tucked-up abdomens (Colagross-Schouten et al. 2002). Severe
renal disease can result, in which the kidneys cease functioning and are no longer able to filter
toxins or regulate hydration (Colagross-Schouten et al. 2002). Figure 6 shows an infected sea
lion kidney. Two-thirds of sea lions exhibiting symptoms of leptospirosis at the Marine Mammal
Center do not survive (Gulland et al. 1996).
In reservoir host sea lions, the bacteria persist without causing symptoms. Prager et al. (2013)
found that 39% of wild sea lions carried Leptospira without symptoms. These asymptomatic sea
lions may be chronic hosts of L. interrogans (Buhnerkempe et al. 2017), and their presence in
the population may account for the persistent circulation of L. interrogans in California sea lions,
especially if they are capable of shedding viable leptospires like other reservoir hosts (Prager et
al. 2013, Buhnerkempe et al. 2017). The outbreaks seen annually may be a product of seasonal
transmission from chronic shedding, as adult male sea lions migrate annually to northern coastal
environments in which the bacteria can persist, and where a majority of the strandings occur
(Buhnerkempe et al. 2017). Additionally, leptospires have a latency period of 10–14 days, during
which even accidental hosts can travel and spread to other conspecifics (Zuerner et al. 2009).

Figure 6: A healthy
kidney (left), and a
kidney of a sea lion with
a heavy leptospirosis
infection (right). Photo
from the Port Townsend
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Marine Science Center.
Treatment
The treatment most commonly used at the Marine Mammal Center is a 10–14 day course of
antibiotics, as well as gastroprotectants for stomach and intestinal ulcers, fluids, and supportive
care (Prager et al. 2015). However, Prager et al. (2015) found this to be ineffective at eliminating
the bacteria, as the sea lions still produced virulent leptospires in their urine. This means that
while the sea lion may have recovered from their symptoms, much like dogs treated or
vaccinated against leptospirosis, they still are infectious to other species (Prager et al. 2015). A
longer treatment of antibiotics may be more effectively eliminate leptospires, though this has yet
to be tested (Prager et al. 2015).
Outbreaks
Leptospirosis epizootics in California sea lions may be caused by several factors. It may be that
variability in outbreak size is a product of a combination of factors, including changes in
transmissibility of L. interrogans in concert with changing climate or ocean conditions or
leptospire survival in the environment (Buhnerkempe et al. 2017; Weise et al. 2006; Johnson and
Harris 1967). Environmental factors, changes in host density, changes in the bacteria themselves,
or changes in the proportion of hosts that are immune may all influence periodic outbreaks in the
population.
HERD IMMUNITY
As sea lions are chronic carriers of the disease, the observed periodic outbreaks may be the result
of herd immunity (Lloyd-Smith et al. 2007). Herd immunity is the ecological theory that an
epizootic can only occur if a high enough proportion of the population is susceptible to the
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disease (i.e. not immune). As a population increases, the number of susceptible individuals
increases until an epizootic occurs and drives the population down to a level where the number
of immune individuals exceeds the number of susceptible individuals (Grenfall and Dobson
1995, Lloyd-Smith et al. 2007). Following the epizootic, the population starts to grow and the
number of susceptible individuals increases again. This creates a cycle of increasing birth rate
followed by an epizootic event (Lloyd-Smith et al. 2007). The timeline of epizootics is consistent
with the establishment of the Marine Mammal Protection Act (MMPA) and provides support the
hypothesis for herd immunity (Carretta et al. 2016). The MMPA was enacted in 1972, which
made harming sea lions illegal. The first outbreak of leptospirosis in sea lions occurred in 1984
(McIlhatten et al. 1971). After the MMPA was enacted, the population was able to grow steadily;
it is likely that the number of susceptible individuals increased until an epizootic was able to
occur.
ENVIRONMENTAL AND GEOGRAPHIC CONSIDERATIONS
Leptospires can persist in sand for an unknown amount of time, creating a potential
environmental source of pathogen exposure for sea lions (Cameron et al. 2008). Leptospires
cannot persist in high salinities, meaning that infection likely occurs through contact at haul out
sites or in freshwater estuaries, where potential for disease transfer is heightened due to
Leptospira spp’s ability to survive in freshwater (Zuerner et al. 2009, Cameron et al. 2008). It is
unknown whether leptospriosis transmission is aided by environmental conditions in the northern
range, though it has been hypothesized that epizootics could be a regional occurrence restricted
to the Northern California coast (Gulland et al. 1996, Lloyd-Smith et al. 2007). This regional
prevalence could be due to an absence of the disease in other areas of the range, or high
concentrations of sea lions in certain areas on the Northern California coast (Colagross-Schouten
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et al. 2002). This may also be explained by the frequency of rainfall in northern California in the
fall, coincident with epizootic events (Ferris and Andrews 1966). Ward (2002) showed that
leptospirosis outbreaks in dogs follow rain. Increased rainfall and runoff likely leads to
prolonged prevalence of leptospires in the environment and therefore an influx of the bacteria to
the coastal environment.
The hypothesis that the Northern California region facilitates transmission of leptospirosis is
supported by the observed patterns in the disease. Leptospirosis has a greater higher incidence in
male sea lions than females (Gulland et al. 1996). Additionally, males migrate farther north than
females, and their range overlaps more completely with the predicted transmission area (Norman
et al. 2008). Leptospirosis outbreaks occur in the autumn months, coinciding with the increased
frequency of leptospirosis strandings, suggesting northern sites facilitate the transmission of the
disease (Lloyd-Smith et al. 2007).
Dogs and sea lions
As terrestrial hosts, dogs might play a role in the transmission of leptospirosis to sea lions and
vice versa. In a multivariate analysis, Norman et al. (2008) found that summer and autumn
seasons, high dog park density and close proximity to dog parks were significantly associated
with the occurrence of leptospirosis strandings in sea lions. This is supported by evidence that in
California, outbreaks in sea lions have coincided with outbreaks in dogs (Adin and Cowgill
2000). These studies suggest that density of dogs along the California coast could contribute to
the transmission of leptospires to sea lions (Norman et al. 2008, Adin and Cowgill 2000).
However, Zuerner and Alt (2009) found that the strains of leptospires found in sea lions were
distinct from strains found in terrestrial hosts, suggesting that spillover from terrestrial species
does not play an important role in the transmission of the disease in California sea lions.
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Proposed Methods for Controlling Leptospirosis in California Sea Lions
Why intervene?
California sea lions face epizootic events caused by leptospirosis every 3 to 5 years, resulting in
periodic mortality events of a protected marine mammal species. Some may see this as a natural
opportunity to control the sea lion population, which has grown steadily since the Marine
Mammal Protection Act was enacted in 1972 (Carretta et al. 2016). California sea lions
commonly interact with commercial and recreational fishing along the west coast of the U.S.,
often depredating on their catch (Weise and Harvey 2005, Scordino 2010). With this increase,
the California sea lion population has expanded its range, resulting in frequent resource conflicts
with humans and endangered fish along the west coast of the U.S. (Laake et al. 2018). As a
result, sea lions are frequently found injured or dead from gunshot wounds from angry fishermen
(DeMaster et al. 1985). Leptospirosis outbreaks do periodically reduce sea lion populations, but
it is not likely to be a valuable long-term control for the population. Infected individuals pose a
risk to other mammals, which can be accidental hosts of the L. interrogans bacteria. Sea lions
use urban environments as haul-out sites, leaving humans and pets vulnerable to infection. While
Leptospirosis may reduce populations periodically, the threats to human and domestic animal
health that it poses prevents it from being an ideal solution for population control. In addition,
sea lion populations were decimated by interactions with fisheries prior to the enactment of the
MMPA, and it is highly controversial to attempt to control the population now (Carey et al.
2012). As California sea lions are a protected marine mammal species, my proposed methods
only aim to reduce disease transmission in the west coast population.
Controlling, eliminating, or eradicating leptospirosis in California sea lions
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Based on the existing literature on leptospirosis in California sea lions, it would be nearly
impossible to eliminate or eradicate the disease, leaving control as the only viable option. First,
at present there is not enough information on how the disease persists in the west coast
population of California sea lions. Without knowledge of how sea lions are infected, be it from a
terrestrial reservoir or other sea lions, we cannot determine a plan for eradication. If there is a
terrestrial host population, it would be difficult to eradicate or control them in an open system
like the U.S. West Coast. Second, as a marine species with a broad range, it would be impossible
to treat and subsequently test each sea lion to ensure that the disease had been eliminated.
Despite these difficulties, controlling this disease in sea lions is possible. In a study of
leptospirosis transmission by Srivastava et al. (2006), the authors suggest that the most effective
long-term control strategies of leptospirosis include increasing hygienic measures, rodent
control, or vaccination. The methods for control proposed below follow those themes, with some
modifications to fit sea lion hosts.
Testing genetic strain of L. interrogans serovar Pomona in sea lions
Determining the role of terrestrial hosts on transmission in sea lions is important in deciding how
to control the disease. Zuerner and Alt (2009) found that the strain of bacteria that infects sea
lions does not match those of terrestrial hosts. This current evidence suggests that it is unlikely
that sea lions become infected as a result of spillover from terrestrial species. Additional research
is needed to test the genetic strains of leptospirosis found in primarily coastal species to ensure
that sea lions are not being infected by spillover from a terrestrial host (Buhnerkempe et al.
2017). That way, if sea lions do acquire the bacteria from a terrestrial host, we can identify the
most likely reservoir and implement solutions to reduce sea lion exposure.
Limit access to freshwater sites
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Current evidence suggests that rather than a terrestrial input, sea lion reservoir hosts chronically
shed the bacteria, infecting more susceptible conspecifics that act as accidental hosts. This
suggests that controlling exposure among sea lions may be the best method to reduce disease
transmission. This is difficult, as sea lions haul out all along the west coast in tight aggregations
(Weise 2006). However, we can work to limit transmission in areas where it is most likely to
occur, including freshwater haul-out sites. As leptospires persist longer in freshwater, limiting
access to man-made haul-out sites in rivers and estuaries will reduce leptospire transmission into
the environment. This can be accomplished with simple exclusion devices, which can deter sea
lions from spending time or aggregating in these areas and reduce the likelihood of becoming
infected (DeAngelis et al. 2008). Devices that have been used previously to some success in
Astoria and Newport, OR, and Newport Beach, CA include installing garden fencing along
docks, floating beach balls around the dock, setting up fake coyotes, using colorful inflatable
waving tubes, flying colorful flags, and installing brightly colored steel bars (Associated Press
2015, Wasserstrom 2016, Hooper 2017). Figure 7 shows Astoria’s efforts to reduce sea lion use
through colorful steel bars and flags. Antibacterial disinfectants can also be used in these manmade haul-out sites to reduce the likelihood of disease transmission. Exclusion devices and
disinfectant use are relatively inexpensive methods to reduce leptospirosis transmission in
freshwater haul-out sites. Additionally, these tools are only necessary in autumn months when
transmission is likely to occur, which may increase the likelihood of use by private and public
dock owners.
Figure 7: High School
students in Astoria, OR,
installing colorful steel
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bars they made in shop class to reduce sea lion use of the docks. From KOIN
Oregon.

Treatment and Vaccination
Sea lions that strand within the response range of the Marine Mammal Center are treated by
veterinarians at the rehabilitation center. However, most sea lions admitted with leptospirosis die
from the infection, even with treatment (Lloyd-Smith et al. 2007). There is also evidence that the
current treatment is not completely effective (Prager et al. 2015). Those sea lions that are treated
and survive continue to shed viable leptospires through urine even after treatment (Prager et al.
2015). This means that the few animals that survive are released back into the environment as
reservoir hosts, capable of infecting conspecifics (Prager et al. 2015). Developing an effective
treatment for sea lions at The Marine Mammal Center is an important next step in controlling the
spread of this disease. While it may not impact many sea lions directly, this step will gradually
reduce the number of reservoir hosts in the population.
In addition to treating sea lions infected with leptospirosis, developing a vaccination could
reduce mortality caused by leptospirosis. To date, a vaccination has not been developed or tested
on sea lions. There are somewhat successful vaccines for dogs and livestock, but several
drawbacks to currently available vaccines (Klassen et al. 2003). First, vaccinated animals
continue to shed viable leptospires, effectively making them reservoir hosts for the bacteria
(Klassen et al. 2003, Barr et al. 2005, Srivastnan et al. 2006). Second, vaccines are not the best
long-term solution, as serovars can become immune and Leptospira specifically have evolved
ways to hide from the immune system (Wang et al. 2007, Srivastnan et al. 2006). Third, it is not
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uncommon for a host to harbor multiple serovars, while vaccines are developed for one specific
serovar (Srivastnan et al. 2006).
For vaccinations to be effective, not only will a long-term, multi-serovar vaccine need to be
developed for sea lions, it will also need to prevent the further shedding of bacteria. This latter
condition could be avoided if enough sea lions in the population are vaccinated, to the point
where the number of immune or vaccinated individuals greatly exceeds the number of
susceptible individuals and so that an outbreak is unlikely. This type of massive vaccination
effort would theoretically be possible, as 99.7% of the west coast population of sea lions breed
on four islands in Southern California (Laake et al. 2018). Pups could be vaccinated after an
outbreak occurs to reduce the number of susceptible individuals in the population. However, this
would be expensive, the islands are large and remote, and it would be impossible to confirm that
every pup was vaccinated. Instead, a more viable solution would be to vaccinate those animals
treated at the Marine Mammal Center, regardless if they were input with leptospirosis. That way
individuals that strand for other reasons can be protected from leptospirosis after they are
released back into the wild.
Limiting access to man-made sites
Sea lions frequently use urban areas and man-made structures as haul-out sites (DeAngelis et al.
2008), which can facilitate disease transmission between sea lions and to terrestrial mammalian
hosts. Sea lions often use docks and public piers as haul out sites, forming dense aggregations
like those seen on Pier 39 in San Francisco (Figure 8). Sea lions can easily acquire leptospires in
such crowded sites with relatively poor drainage through drinking contaminated water, exposure
to cuts or open sores, or inhalation through mucus membranes (World Health Organization
2009). Reducing sea lion access to man-made structures can reduce overcrowding and
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leptospirosis exposure. The methods proposed above to limit access to freshwater haul-out sites
are also applicable here. Without access to man-made structures, sea lions will need to use
natural haul-out sites like beaches or rocks, which generally have more exposure to waves and
tides and could reduce the persistence of leptospires.

Figure 8: Sea lions
haul outs may be the
primary source of
transmission among
sea lions, so
limiting the use of
man-made haul out
sites may reduce
transmission of the
bacteria. Photo by
Matt Kieffer.
Limiting access to urban areas can reduce exposure to humans and domestic animals as well.
While it is suggested that terrestrial hosts do not spill leptospirosis into sea lion populations,
spillover can happen in the opposite direction, from sea lions to terrestrial mammals. Humans
can become infected directly through recreation activities in contaminated water, or indirectly
through contacts with infected dogs (World Health Organization 2009). In previous studies, dogs
have been shown to carry the same serovar that infects sea lions, serovar Pomona (Aiden and
Cowgill 2000, Barr et al. 2005). Limiting exposure of dogs and humans to areas where sea lions
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haul out will reduce the likelihood of transmission. This can be implemented by limiting access
of sea lions to man-made structures, as described above. We can also control how close humans
and their dogs can get to sea lions in urban areas or on public beaches through the use of
cautionary signs or fences, or seasonal closures of beaches in the autumn months when
leptospirosis is most common. Veterinarians in coastal areas should also recommend that dogs be
vaccinated for Leptospirosis to avoid infection through environmental contamination. By
limiting exposure of dogs, the likelihood of both dog and human infection from sea lions can be
reduced.
Conclusion
The recommendations included in this paper are informed by existing information about both L.
interrogans and California sea lions and are proposed to reduce the transmission of leptospirosis
within the sea lion population and limit spillover to terrestrial hosts. By limiting access to
freshwater sites, we can reduce the transmission of leptospires in a habitat in which they can
persist for long durations. Limiting access to man-made structures and reducing both spatial and
temporal overlap with areas frequented by sea lions can reduce the likelihood of the disease
spilling over into humans or dogs. To make long-term decisions about controlling leptospirosis
in sea lions, more research is needed on how the disease persists in this population, and if there
are terrestrial hosts that transmit the disease in the coastal environment. However, based on the
existing information on both the L. interrogans parasite and the sea lion host species, these
recommended methods will provide useful steps in reducing disease outbreak events and the
likelihood of spillover to human and canine hosts.
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