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ABSTRACT
Ringed seals, or nattiit in Inuktitut, continue to provide as a food staple for
Nunavummiut, and the need for monitoring the health of the seal remains important.
Seals in other regions, such as nattiit in the Baltic Sea, Hawaiian Monk seals, and
California sea lions have been negatively impacted by disease-causing pathogens, making
serosurveys important for monitoring seal health. Additionally, nattiit have been known
to contribute high heavy metal content for Nunavik Inuit based on frequency of
consumption. This leads to the question: are nattiit safe to eat based on pathogens and
heavy metals? This thesis will frame the project around Inuit Qaujimajatuqangit, which is
Inuit knowledge surrounding the nattiq (ringed seals singular), including seal health, and
changes in abundance over time.
A serological survey was conducted on 55 nattiit for five pathogens: Brucella
canis and abortus, Erysipelothrix rhusiopathiae, Leptospira interrogans, and Toxoplasma
gondii. A digestion assay was used to test tongue and diaphragm samples for Trichinella
larvae. Interviews were conducted with nine Local Knowledge Holders (LKH) to gather
concerns about nattiq health, research interests and Inuit Qaujimajatuqangit. The
interviews were based on nine semi-structured open-ended questions centred on nattiq
health and food practices. Six main themes were identified from the interviews: age
preference, seal abundance, illness in seals, methods of inspection, eating seal, and harp
seals.
All but two seals were deemed safe for consumption by the hunters. Thirty seals
were young-of-the-year, 10 were juvenile (over one-year-old), 11 were adults, and four
were of unknown age. Twenty-six seals were female, 21 were male, and eight were of
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unknown sex. All tested seals were negative for Brucella canis, and 20.5% (nine of 44)
were seropositive for B. abortus. Of 52 seals tested for Erysipelothrix rhusiopathiae
(21%) were seropositive. All tested seals were negative for Leptospira interrogans
serovars Canicola and Hardjo, with 61.5% (27 of 44) positive for serovar Bratislava,
4.5% (two of 44) for serovar Grippotyphosa, 90.9% (40 of 44) for serovar
Icterohaemorrhagiae, and 22.7% (ten of 44) for serovar Pomona . The seroprevalence for
Toxoplasma gondii was 9.8% (five of 51). All tested samples were negative for
Trichinella. There were no significant associations between age classes and
seroprevalence for all of the serological results. The only significant association between
sex and seroprevalence was for Erysipelothrix (males > females); all others had no
significant associations. Based on the serological results and digestion assay, this research
did not identify any major health concerns for harvested nattiit or Inuit who continue to
harvest them. Further testing to verify presence of all four pathogens detected from the
serological results would be needed to identify risks and confirm which pathogens are
actually present in the harvested nattiit of Frobisher Bay. Additionally, the results of this
study are applicable to only the harvested nattiit population of Frobisher Bay.
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1.0 General Introduction

Before I begin my thesis, I first need to place myself within the context of this work. I
must address my Indigenous affiliations and present my background to introduce the
reader to my roots. As knowledge is bound to place for many Indigenous peoples, I
would be remiss to not acknowledge my place. I am Inuit from Nunavut. My mother’s
side are Inuit from the north Baffin region, stretching from Pond Inlet, Somerset Island,
and current day Taloyoak. I am also German, through my great grandfather on my
mother’s side who was a whaler and married my great grandmother. My father’s side are
Inuit from Inukjuaq, northern Quebec. His parents were forcefully relocated from the
coast of Hudson Bay to Resolute Bay. Both my mother and my father grew up on the
land, until both had to attend residential schools in Inuvik, Northwest Territories (NWT)
and Churchill, Manitoba (MB), respectively. Because of their upbringing and values, they
prioritized hunting and camping for all their children. My name, Enooyaq, is for my late
aunt on my mother’s side, and I grew up in Pond Inlet and Iqaluit, Nunavut (NU).

Marine mammals have been essential for the coastal Inuit across the Arctic. For
Inuit in Baffin Island, the Bering Strait, Northern Alaska, Mackenzie Delta, Greenland
and Labrador, which are collectively known as Inuit Nunaat (Borre, 1994), hunting
methods and preferences have adapted to the environment and biological diversity around
them as well as cultural preferences, and each region relies on a different marine
mammal. Where the Mackenzie Delta is rich in beluga (Delphinapterus leucas), north
Baffin is rich in narwhal (Monodon monoceros), and south Baffin is rich in ringed seal
(Pusa hispida). The ringed seal, or nattiq in Inuktitut, has maintained the Baffin Island
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Inuit through diet and physical, spiritual, and cultural health for time immemorial. In
Nunavut and Nunavik, which both rely on the nattiq, Inuit constitute 85% and 90% of the
population, respectively (Bjerregaard et al., 2005).
To understand the importance of marine mammals to any Indigenous group, it is
important to understand the Indigenous perspectives on food. Traditional food, more
accurately referred to as country food, is central to personal, cultural, nutritional, and
social well-being of Indigenous peoples (Furgal et al., 2005). The cultural aspect consists
of the knowledge transfer between generations, where knowledge on how to harvest
country foods and the customs that come with processing and distributing the food are
passed on. The harvest of country food also ensures individual and community well-being
by giving the hunter a sense of pride in providing food not only for their family but for
their community. All of these benefits trickle down through the community to create a
positive ripple effect.
Country foods are also important food staples that provide a significant source of
protein and vitamins. Country foods have even been found to help counteract the toxic
effects of mercury exposure and protect against cardiovascular disease (Dewailly et al.,
2001; Furgal et al., 2005). Seal meat is believed to have healing properties and to nourish
not only the body but the soul (Borre, 1994). For example, it is known by Inuit that eating
raw seal meat provides warmth to the body that store-bought foods cannot provide (Van
Oostdam et al., 2005). When hunters are out in the fall or winter, they will eat raw seal
meat to warm up.
Understanding the importance of the seal through Inuit Qaujimajatuqangit (IQ)
provides context to the issue of assessing food safety and its potential to negatively affect
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our health. IQ can also provide insight on cultural perceptions of risk, inform risk
communications and approaches, and impact decisions (Friendship and Furgal, 2012).
Over the last few decades, elevated levels of heavy metals and organic pollutants
have been observed in the Arctic (Braune et al., 2015). Their presence was initially
detected in water and wild game consumed by the Inuit. Country foods have been deemed
the primary pathway through which heavy metals, such as mercury, accumulate in people
(Van Oostdam et al., 2005). Inuit have been considered the most polluted people in the
world based on heavy metal and organic contaminant loads in their bodies (Muckle et al.,
2001; Van Oostdam et al., 2005). Baffin region Inuit, compared to Inuit in other regions,
are known to have the highest concentrations of mercury in their tissues (Van Oostdam et
al., 2005). The source of the mercury has been traced to marine mammals, predominantly
nattiit and walrus (Van Oostdam et al., 2005). Heavy metals in the nattiit are thought to
come from local geological and anthropogenic sources, and long-range transport through
atmosphere and ocean currents (Dietz et al., 1996; Furgal et al., 2005).
Pathogens such as Toxoplasma and Brucella are important in wildlife, but also to
humans. People in the Arctic frequently harvest wildlife for sustenance, and very often
consume the meat and internal organs raw. Notwithstanding the many benefits of eating
country foods, there are also potential negative health effects, such as transmission of
pathogens (Chan et al., 2006; Lambden et al., 2007; Jenkins et al., 2013). For example,
Toxoplasma has a higher seroprevalence among Inuit than in other Indigenous
communities such as the Cree, or among Caucasian people living in the same
communities (Messier et al., 2009). This may be attributed to the Inuit customs of food
preparation, frequency of eating wild game, and/or the prevalence of pathogens in Arctic
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animals. A number of pathogens have been of growing interest in the north: Brucella,
Toxoplasma, Trichinella, and Erysipelothrix are a few that are pertinent today.
Nattiit are a good indicator species because of their high trophic level and because
they remain in ice-covered oceans when all other marine mammals leave. They have a
complete circumpolar range, and their abundance makes them more accessible and
provides an even sampling range (Braune et al., 2015).

Figure 1. Global distribution of the nattiq (Pusa hispida), in yellow (Lowry, 2016).
This thesis is part of a larger study that compares nattiq health between Pond Inlet
and Iqaluit. This larger study aims to assess nattiq health through analysis of heavy metal
and pathogen exposure, while incorporating local observations and addressing local
concerns on Baffin Island, Nunavut. This thesis focuses on Iqaluit nattiit and provides
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context of why it is important to assess the health of the nattiq through IQ, then explores
the health of the seal by examining the exposure to five pathogens: Brucella spp.,
Leptospira interrogans, Erysipelothrix rhusiopathiae, Toxoplasma gondii, and
Trichinella. Results of heavy metal analyses will only be presented in an Appendix. First,
IQ and pathogens will be explicitly defined for the context of the study. Justification for
the focus on the pathogens that were chosen will also be provided. IQ will be used to
provide a framework for the study, as well as directions for future research questions that
should be addressed about nattiit and other wildlife in the Frobisher Bay region.
The methods and findings are presented according to three areas of study (1) IQ
and local concerns about nattiit in Frobisher Bay, (2) heavy metal findings in harvested
nattiit (in Appendix A); and 3) pathogen findings in these seals.
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2. Background and Literature Review
2.1 Inuit Qaujimajatuqangit
Inuit Qaujimajatuqangit is Indigenous knowledge specific to Inuit peoples. Inuit
Qaujimajatuqangit has been referred to under several names such as Traditional
Ecological Knowledge (TEK), Indigenous Knowledge, and traditional knowledge. These
names cover specific aspects within IQ. Mistakenly, IQ is often thought of as ‘traditional’
or old knowledge, or even knowledge of a specific subject matter, such as information on
a species of whale, seal, or any animal. This narrow scope is called TEK because it does
not include the context of the animal’s environment, or its interactions with other animals
and people. In reality, IQ is the way of knowing that encompasses the past, present, and
future of Inuit experiences and values, principles, skills, and beliefs that have evolved
over time (NTI, 2003; Tagalik, 2010; Tester and Irniq, 2008). Labelling IQ as
‘traditional’ limits its relevance to modern practice (Keenan, 2015). It is a process
whereby information from countless previous generations is evolving with new
information and environmental factors. Just as Western science is always developing, so
is IQ.

“The term IQ encompasses all aspects of traditional Inuit culture including values,
worldview, language, social organization, knowledge, life skills, perceptions, and
expectations.” (Wenzel, 2004).

Integrating IQ is important not only in research but in resource management. In
fact, it is so highly valued that it has been well documented in the United Nations
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Declaration on the Rights of Indigenous Peoples (UNDRIP, 2007). The concepts of IQ
have been heavily incorporated into a number of documents including the Nunavut
Wildlife Act (2003), which is a document that preserves the rights of Inuit hunting and
fishing, while also setting out to protect endangered or threatened species.
Problems associated with not incorporating IQ in government and science have
led to existing tension between managers and the Inuit who rely on the resources being
managed (Keenan, 2015). The effects of ill-managed research results and lack of
consultation can be seen across the North, including Yukon, Nunavut, and Nunavik
(Furgal et al., 2005). The north has also had concerns among the public related to
contamination of country foods in the last 20 years (Wheatley and Wheatley, 2000;
Furgal et al., 2005). For example, due to a communication error in the 1990s, warnings
were issued for the consumption of ling cod (Lota lota) livers in Lake Laberg, Yukon.
This led to the closure of the commercial fishery and caused great alarm among residents
of the two First Nations communities nearby. This sudden and not-so-gentle warning
caused uncertainty and led to ill relations and loss of trust of government, researchers,
and health officials (Friendship and Furgal, 2012).
Another instance occurred in 1992 with the Porcupine caribou herd. A study had
detected high levels of cadmium in livers and kidneys of the herd. The nearby First
Nations groups who harvested the caribou were not informed until some of the
information was leaked, and other communities did not hear of the results until two years
after the study was conducted (Friendship and Furgal, 2012).
Another source of concern is the selective use of IQ, where specific information is
taken out of context and used for fulfilling management agendas (Keenan, 2015).
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Because of poor communication and relationship with the government and health
officials, and mistreatment of Indigenous peoples within Canada by authorities, there is
an ever-present mistrust among Indigenous peoples regarding information on their food
sources (Friendship and Furgal, 2012). All these factors highlight the importance of
consulting local peoples, incorporating their knowledge, and hearing their concerns about
the research subject, especially in research related to country foods.
Hunters have been assessing their food for thousands of years and people have
absolute confidence in their hunters and trust their ability to identify any potential threats
(Poirier and Brooke, 1997; Friendship and Furgal, 2012). Although contaminants are not
a novel subject in relation to country food sources, many will not refute the knowledge of
Elders when choosing between science and IQ; however, long-range contaminants cannot
be detected by typical sensory methods (Poirier and Brooke, 1997; Friendship and Furgal,
2012). As people learn of the hazards of contaminants in wildlife, they seek out answers
for unusual manifestations of illness in wildlife or odd environmental changes. For
example, Wenzel (2004) described an incident where a strange-looking nattiq was caught
in Clyde River in May, 2001. The basking seal was shot, and was completely bald except
for a patch of reddish hair from its left fore-flipper to its thorax. It also had darker hair on
the ventral side of its tail and had long eyelashes. This seal, although not appearing to be
starving, was a small seal. With the rise of contaminant talks in Nunavut communities,
community members were concerned about the seal and did not butcher it to eat it.
Instead, they contacted Nunavut Department of Sustainable Development as well as the
Canadian Department of Fisheries and Oceans (DFO). With no reply from either
organization, they brought it back to the site of capture out of respect for the seal instead
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of discarding it in the dump. This type of incident highlights the issue of a lack of
response from federal scientists and managers. It creates mistrust, and damages the
reputation of any scientific body. Community residents do not differentiate between
sciences provided by government agencies and that provided by academics, or even by
journalists collecting information for articles.
Historically, little recognition of Indigenous knowledge and methodologies has
existed, but a shift has occurred in the last few decades (Huntington, 2000; Usher, 2000;
Furgal et al., 2005). There exists now a push for partnerships and collaborations with
Indigenous communities in research, risk assessment, and management processes
(Wheatley and Wheatley, 2000; ITK, 2007; Friendship and Furgal, 2012).

2.2. Heavy Metals
Although Inuit across Inuit Nunaat rely on marine mammals, exposure to various
organochlorines and metals is higher in the northeastern part of the country (Van
Oostdam et al., 2005; Braune et al., 2015; Brown et al., 2016). Long-range transport of
contaminants through wind and ocean currents into the Canadian Arctic has brought
considerable amounts of pesticides, heavy metals, and radionuclides (Dallaire et al.,
2003; Bjerregaard et al., 2005; Furgal et al., 2005). Mining activities may also be a
significant source of trace metals (Chan et al. 1995). The primary exposure to
contaminants for Arctic people is through the consumption of their country foods, such as
long-lived marine and terrestrial mammals (Dallaire et al., 2003; Furgal et al., 2005; Van
Oostdam et al., 2005). Because of the high trophic level of marine mammals, they
biomagnify contaminants and may contain high levels of them (Bjerregaard et al., 2005).
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Heavy metal contamination is an increasing concern in the north. Heavy metals
such as mercury and cadmium are widely distributed among marine mammals such as
walrus, polar bears, and toothed whales (Dietz et al., 1990, 1996; Wagemann and
Stewart, 1994; Sonne-Hansen et al., 2002; Braune et al., 2015). Most of the contaminants
occur in high concentrations in their livers (Dietz et al., 1996; Sonne-Hansen et al., 2002;
Dallaire et al., 2003). Total mercury concentrations, in particular, occur at levels that may
exceed health safety guidelines set by Health Canada and the World Health Organization
(WHO) (WHO, 2007; Health Canada, 2018).
In the Baffin region, seal meat is thought to be the single main contributor of
mercury into people’s bodies (Chan et al., 1995), primarily due to its frequent
consumption (Van Oostdam et al., 2005). Long-term studies have been conducted since
the 1970s to monitor mercury levels in people living in the Northwest Territories (NWT).
A study compared mercury levels in hair of women in Inuvik and Tuktoyaktuk between
1976 -1979 to 1998-1999 (Van Oostdam et al., 2005). The results indicated that mercury
levels in women in Tuktoyaktuk were considerably higher (4 fold) than in Inuvik women.
However, both communities had lower levels in 1998-1999 than in 1976-1979. Similar
results were obtained in a similar study in the Salluit region by Dewailly et al. (1999).
Mercury levels in hair samples in 1978 were much higher (2.5 fold) than in 1999. Such
variation may be attributed to the shift towards more consumption of store-bought foods
(Kuhnlein 1995; Van Oostdam et al., 2005). Eating habits among Inuit, especially young
Inuit, have changed dramatically in the last 50 years and include more store-bought foods
than in previous generations (Dallaire et al., 2003). However, this decrease in mercury
levels may also have been due to the availability and variation of marine mammal
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harvest. Both Dewailly et al. (1999) and Van Oostdam et al. (2005) pointed out the higher
than average harvest of beluga in 1978 in both communities. Similar decreases were
observed in mercury levels in umbilical cord blood of infants in Nunavik between 1994
and 2001 (Dallaire et al., 2003). The intake of country food can be specific to some
populations because Inuit in Nunavut and NWT have significantly higher levels of
mercury compared to other northern residents including Caucasian, Dene, and Metis
peoples living in the same communities (Messier et al., 2009; Goyette et al., 2014).
Mercury is taken up by nattiit through their diets, in the form of methylmercury
(MeHg) (Wagemann et al., 1998; Braune et al., 2015). Nattiit feed on fish and
amphipods, which is where the MeHg may originate from (Wagemann et al., 1998;
Braune et al., 2015). Additionally, mercury and cadmium concentrations are positively
correlated with age in nattiq tissues (Dietz et al., 1990, 1996; Wagemann et al., 1998,
2000; Riget et al., 2005). Mean mercury concentrations are characteristically lower in
muscle than they are in liver (Dietz et al., 1996).
Not all species of mercury are equally toxic. Mercury can occur in inorganic
forms, specifically mercuric selenide, that are inert in the body (Marjota and Berry, 1980;
Wagemann et al., 2000), whereas methylmercury, which is organic, is a known
neurotoxin (Friberg et al., 1979; Wagemann et al., 2000). Still, it is not known if
inorganic forms of mercury, other than mercuric selenide, have any harmful effects on the
animals and humans who consume them (Wagemann et al. 2000). Wagemann et al.
(2000) found that if inorganic forms of mercury, which constitute 42% of the total liver
mercury, were excluded from the total mercury, the liver would contain the same amount
of methylmercury as muscle tissue in seals. This is because a large portion of the mercury
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(53%) exists as mercuric selenide in the liver (Wageman et al., 2000; Braune et al.,
2015).
Cadmium also occurs at high levels that may exceed the Health Canada and WHO
guidelines in nattiq livers (Dietz et al., 1996). Although cadmium levels are high in nattiq
kidneys and livers, no toxic effects of this metal on seals have been observed (SonneHansen et al., 2002). Nattiit are thought to have adapted to high cadmium concentrations
through processes that excrete the excess and by incorporation into the mineralized
matrix of the skeletal system (Sonne-Hansen et al., 2002). In addition, their diet typically
contains high concentrations of Vitamin D, calcium, phosphorus, zinc, selenium, and
protein, which are hypothesized to mitigate damage caused by cadmium (Sonne-Hansen
et al., 2002). Selenium, in particular, is known to detoxify cadmium (Goyer, 1996;
Sonne-Hansen et al., 2002). Interestingly, cadmium concentrations differ spatially across
the Arctic in nattiit, in that the eastern Arctic has higher cadmium concentrations than the
western Arctic (Muir et al., 1992; Riget et al., 2005; Brown et al., 2016). This difference
may be due to geological influences or dietary differences, or both (Brown et al., 2016).
Seals that feed on invertebrates have higher total cadmium concentrations than seals that
feed on fish, indicating that prey trophic level partly determines total cadmium
concentrations (Brown et al., 2016).
Other heavy metals, such as lead, and trace metals, such as selenium, are also
important. Lead is a pervasive toxin. Sources of lead are not clear; some of it may
originate from lead ammunition and food processing such as cooking (Chan et al. 1995;
Dallaire et al., 2003; Levesque et al., 2003). Lead does not bioaccumulate in higher
trophic levels in the same way that mercury does; in fact, lead appears to decrease with
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higher trophic levels (Dietz et al., 1996). Since the ban on the use of lead shot to hunt
waterfowl in Canada in 1999, there has been a significant decrease in lead concentrations
among Inuit in Northern Québec (Levesque et al., 2003; Dallaire et al., 2003).
Selenium concentrations have been observed to be high only in Nunavik Inuit
who also have high levels of mercury (Van Oostdam et al., 2005). Total selenium and
total mercury concentrations in seal liver have been found to be positively correlated
(Wagemann et al., 1998; Van Oostdam et al., 2005). Selenium may act to neutralize
methylmercury by forming a complex with mercury after it has been demethylated,
thereby protecting against its harmful health effects (Van Oostdam et al., 2005).
However, it may also initiate the demethylation process of methylmercury, as seen in
livers of waterbirds (Eagles-Smith et al., 2009). The proportion of bioavailable mercury
ingest in seal liver appears to decrease as the concentration of total mercury increases,
presumably because it is mainly in the form of insoluble complexes with selenium (Van
Oostdam et al., 2005; Chan, 2000).
Although there are harmful effects from the presence of contaminants, the
benefits from country foods may outweigh the risks. Country foods, such as fish and
marine mammals, represent a significant source of many nutrients, including vitamins,
omega-three fatty acids, iron, and selenium, and are found to have many health benefits,
such as prevention of heart disease (Hegele et al., 1997; Bjerregaard et al., 2005; Van
Oostdam et al., 2005). Country foods also contribute more protein, iron and zinc than
store-bought foods (Van Oostdam et al., 2005).
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2.3. Pathogens
2.3.1 Brucella
Bacteria of the genus Brucella can infect wildlife, domestic animals, and humans
(Nielsen et al., 1996). The disease is called brucellosis, with clinical signs in various
wildlife species including abortions and lameness (Tessaro and Forbes, 1986; Forbes,
1991; Nielsen et al., 1996; Nymo et al., 2011; Hernandez-Mora et al., 2013). Brucellosis
has been known to occur in the Arctic, most commonly in caribou (Rangifer tarandus),
but infection can also occur in marine mammals (Gates et al., 1984; Tessaro and Forbes,
1986; Nielsen et al., 1996). Nielsen et al. (1996) provided the first serological evidence of
exposure to Brucella or a Brucella-like bacterium in Arctic marine mammals.
There are many species of Brucella, some of which can occur as different biovars
(Nielsen et al., 1996; Whatmore et al., 2007; Vergnaud et al., 2018; Safari et al., 2019).
Two of these species are specific to marine mammals: B. ceti, which is associated with
cetaceans, and B. pinnipedialis, which is associated with pinnipeds (Foster et al., 2007:
Ohishi et al., 2018). Brucella ceti has been isolated from stranded cetaceans around the
globe, and has been associated with clinical signs and lesions, including pneumonia,
meningitis, liver failure, cardiac failure, and abortion (Ewalt et al. 1994; Guzman-Verru
et al., 2012). In most cases, the stranded cetacean will harbour various parasites and
exhibit other lesions throughout the body, making it difficult to confirm brucellosis as the
primary cause of death (Guzman-Verri et al., 2012). However, clinical signs and lesions
such as pulmonary abscesses and abortion, seen in domestic animals with brucellosis,
have been recorded in a number of cetaceans (Hernandez-Mora et al., 2013). B. ceti can
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pose a significant risk to cetaceans, especially in small populations with slow growth
rates (Guzman-Verri et al., 2012).
To date, it is unclear if B. pinnipedialis causes significant disease in pinnipeds
(Nymo et al., 2011; Duncan et al., 2014; Ohishi et al., 2018). B. pinnipedialis has been
isolated from hooded seals (Cystophora cristata) in Norway and nattiit in Nunavut
(Forbes et al., 2000; Nielsen et al., 2001; Nymo et al., 2013). B. pinnipedialis does not
appear to be pathogenic in seals, except in rare cases (Forbes et al., 2000; Nymo et al.,
2011; Hernandez-Mora et al., 2013). There is one published report of a pinniped
displaying histological lesions associated with a Brucella infection: Duncan et al. (2014)
found that a single northern fur seal (Callorhinus ursinus) out of 40 animals examined in
Alaska had placental lesions. This placenta and that of five other animals tested positive
for Brucella by PCR. Placental lesions in the single affected seal consisted of an
extensive area of necrosis, the significance of which was undetermined considering that
the animal had given birth to a live pup. The health of the pup after birth was not
determined since the seals congregated in a rookery. This case indicates that Brucella has
the ability to cause placental disease in northern fur seals.
Nielsen et al. (1996) surveyed eight locations in the Canadian Arctic for Brucella
seroprevalence in nattiit and walrus. They determined that the prevalence of Brucella
antibodies in nattiit was 4%. Seropositive seals were widely spread out across the Arctic,
with very large distances between them. Nielsen et al. (1996) investigated the
seropositive seals for evidence of histological lesions or any reproductive deficiencies,
but all seals appeared to be healthy. Although a number of studies have conducted
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serological surveys in Nunavut, no studies have been done within Frobisher Bay (Nielsen
et al., 1996; Nielsen et al., 2001).
The presence of Brucella antibodies appears to be age-dependent in pinnipeds
(Zarnke et al., 2006; Lambourn et al., 2013; Nymo et al., 2013). In hooded seals from the
eastern North Atlantic and in harbour seals (Phoca vitulina) off Washington State,
yearlings that have been weaned (2-12 months old) have a higher probability of being
seropositive than adults or unweaned pups (Lambourn et al., 2013; Nymo et al., 2013).
Lambourn et al. (2013) suggested that diet change may account for the exposure to
Brucella. Juvenile harbour seals that have just been weaned feed on invertebrates, such as
shrimp and crabs, whereas adults mostly consume fish. Neither fish nor invertebrates
have been studied as potential sources of Brucella, and this hypothesis cannot be
confirmed. Harbour seals in Alaska and hooded seal in Norwegian waters have exhibited
the same age-dependent seroprevalence (Zarnke et al., 2006; Nymo et al., 2013).
However, Brucella prevalence in fish and invertebrates has not yet been explored in the
Arctic either.
Interestingly, B. pinnipedialis has been isolated from lungworms (Parafilaroides
sp., Pseudalius sp.) of many seals and these parasites may act as a reservoir for the
bacteria (Garner et al., 1997; Hernandez-Mora et al., 2013; Lambourn et al., 2013).
Lungworm larvae containing Brucella spp. could be released into the water column and
travel up the food chain through amphipods and fish until they are ingested by a seal
where they travel to the lungs to mature (Garner et al., 1997). This may explain pups not
seroconverting until they start to explore the water column as they forage, while possibly
simultaneously being exposed to lungworm larvae through their prey. Alternatively, some
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of the adult seals infected with Brucella could be removed from the population through
mortality, removing seropositive adults from the sampled populations.
Some species of Brucella are pathogenic to humans and can cause influenza-like
symptoms as well as other complications (Nielsen et al., 1996; McDonald et al., 2006).
Brucella spp. can be zoonotic, and the disease could potentially be transmitted from sea
mammals to humans (Brew et al. 1999; Sohn et al., 2003; Nymo et al., 2013). Detecting
Brucella infection in humans is rare, and only 10% of humans infected are diagnosed
(Brew et al., 1999; Hernandez-Mora et al., 2013). This can be attributed to the lack of
clinical signs. There is reason to believe that some Brucella spp. may not be pathogenic
to humans, specifically those present in pinnipeds such as nattiit. While in the field, one
of the researchers involved in the project of Nielsen et al. (1996), consumed raw seal,
which later was found to be seropositive for Brucella. That researcher was seronegative
for Brucella a year later and displayed no symptoms. This is significant for the Inuit, who
regularly consume raw seal meat with little to no incidence of illness. However,
seropositivity in this case could have been due to serological assay cross-reaction with
another bacterial species. Additionally, the seal could have been exposed to Brucella, and
then eliminated it from the body after exposure, since the presence of antibodies does not
necessarily reflect active or current infection. Regardless, there have been cases of human
brucellosis contracted from consuming raw caribou in Northwest Territories and Alaska
(Meyer, 1964; Forbes, 1991). A number of Inuit were reported ill, and B. suis biovars 4
was isolated from their joints. No further details were available on these cases, but it is
important to note that brucellosis, even if it is not a marine form, has the potential to be
significant to Inuit across Inuit Nunaat.
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Work has been done to determine if certain Brucella species, such as B.
pinnipedialis, are pathogenic to humans. Larsen et al. (2013) isolated B. pinnipedialis
from hooded seals to examine the in vitro infectivity to human epithelial and
macrophage-like cells. They concluded that although the bacterium was internalized, it
was destroyed over the next few days and did not replicate. Marine Brucella species have
also been experimentally injected into livestock and laboratory animals (Nymo et al.,
2011). Piglets and sheep were challenged with either B. pinnipedialis or B. ceti in a
number of studies, which all determined zero to low pathogenicity (Ewalt et al., 1994;
Perrett et al., 2004; Bingham et al., 2008). These studies also compared marine Brucella
spp. with other known virulent forms of Brucella. Each trial determined marine forms of
Brucella to be relatively insignificant compared to the other forms of Brucella, such as B.
suis, and B. melitensis (Perrett et al., 2004; Bingham et al., 2008).
Human infection from probable marine mammal strains of Brucella has resulted
in serious illness in a few cases. Two patients from Peru and one from New Zealand were
diagnosed with Brucella strains that were closely related to strains in pinnipeds and
cetaceans. Although they did not recall any direct contact with marine mammals, one
patient did swim in the Pacific ocean frequently and consumed unpasteurized cow or goat
cheese, and raw fish, while the other patient consumed raw fish and handled uncooked
bait fish (Sohn et al., 2003; McDonald et al., 2006). These patients suffered from
neurobrucellosis and spinal osteomyelitis, both of which are rare and severe forms of
brucellosis (Sohn et al., 2003; McDonald et al., 2006). There have been recorded cases of
human brucellosis in the Canadian Arctic between 1971 and 1984 (Tessaro and Forbes,

18

1986). Poor documentation of these cases restricted the amount of details available and
neither the bacterial species nor the possible source of infection could be determined.

2.3.2 Erysipelothrix
Erysipelothrix spp. are intracellular bacteria that typically infect domestic
livestock and wildlife (Brooke and Riley, 1999; Kinsel et al., 1997; Kutz et al., 2015).
Erysipelothrix-associated disease has huge economic importance, especially in domestic
swine, which are the main reservoir and have the greatest prevalence of infection (Brooke
and Riley, 1999). There are several species of Erysipelothrix, with E. rhusiopathiae being
the most common (Brooke and Riley, 1999). The disease is called erysipelas, and in
animals this can present as skin lesions, fever, endocarditis, and septicemia (Wang et al.,
2010). In captive marine mammals and swine, the disease typically presents as ‘diamond
back’, or subacute septicemia, which manifests as skin lesions that have the shape of a
parallelogram (Kinsel et al., 1997; Opriessnig et al. 2013). Immunocompromised animals
are typically susceptible to the disease, indicating that Erysipelothrix is an opportunistic
bacterium (Kutz et al., 2015; Forde et al., 2016). For example, one captive Pacific whitesided dolphin among seven dolphins, four beluga, and four harbour seals was the only
one to succumb to the disease (Kinsel et al., 1997). The animal was otherwise healthy,
and the route of transmission was thought to have been through contaminated feed, where
the bacteria could have accessed the bloodstream via a compromised mucosal barrier.
More recently, there have been case reports of erysipelas in harbour seals and harbour
porpoises in Belgium (Boseret et al., 2001). Two stranded harbour porpoises and one
stranded harbour seal were tested for bacterial infections and E. rhusiopathiae was
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isolated from tissues throughout the body, including the heart, brain and lungs, and was
considered the cause of death in each case.
Environmental reservoirs may be an important source of E. rhusiopathiae,
particularly in the marine environment (Brooke and Riley, 1999). The bacterium is
known to survive and grow in the external mucoid slime of fish (Wood, 1973; Wang et
al., 2010). Erysipelothrix can also persist in infected tissue despite freezing, curing,
smoking and salting (Grieco and Sheldon, 1970; Brooke and Riley, 1999). Studies of the
effects of temperature on survival of E. rhusiopathiae have found that it can persist for 35
days at 3°C and for 52 hours at 30°C in soil (Wood, 1973). Climate change, through
warming temperatures and unpredictable weather resulting in anomalous events such as
freezing rain, could be involved in outbreaks of Erysipelothrix in the Canadian North.
The first wildlife case of erysipelas in northern Canada was reported in 1974,
when four wood bison (Bison bison) were found dead in the area of Fort Smith, NWT
(Langford and Dorward, 1977). Erysipelothrix insidiosa (rhusiopathiae) was recovered
from blood, spleen, and nasal swabs. More recently, E. rhusiopathiae has been associated
with multiple mass mortalities of muskoxen in the western Canadian Arctic Archipelago
(Kutz et al., 2015). Three mortality events were recorded between 2009 and 2013,
ranging from three animals to approximately 150 (Kutz et al., 2015). Several other dead
muskoxen were found between these three events throughout Victoria Island and Banks
Island. Postmortem examinations, PCR analysis on bone marrow, and bacteriological
culture on tissues suggested that the muskoxen had died from septicemia caused by E.
rhusiopathiae (Kutz et al., 2015). These mortality events have demonstrated that E.
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rhusiopathiae is a significant disease in muskoxen, and has the potential to survive in the
Arctic (Kutz et al., 2015; Tomaselli et al., 2018).
Investigations into the genomics of strains of Erysipelothrix determined that
mortality events in muskoxen on Victoria and Banks Islands were linked through clonal
lineage (Forde et al., 2016). Strains on the Arctic islands were distinct from other strains
found in British Columbia, in caribou and moose (Forde et al., 2016). A marine strain
from a captive harbour seal was also found to be genetically distinct from strains found in
pigs (Opriessnig et al., 2013). Experiments with 14 marine strains isolated from 12 fish
and 2 from a harbour seal proved that marine strains from fish and seals were capable of
causing disease in pigs (Opriessnig et al., 2013). All pigs developed the characteristic
diamond-shaped cutaneous lesions, but no other clinical signs were observed. This study
showed that Erysipelothrix of marine origin can induce illness in pigs. This may have
implications for other mammals and warrants further investigations of pathogenicity.
Human infection typically occurs through contact with infected animals, or their
tissues or wastes (Brooke and Riley, 1999). Zoonotic Erysipelothrix infection presents
most often as a skin disease called erysipeloid, but septicemia and endocarditis can also
occur in humans (Grieco and Sheldon, 1970; Brooke and Riley, 1999). Erysipeloid is
commonly known as ‘seal finger,’ ‘whale fingers’ or ‘fish handler’s disease’, in reference
to the occupational hazard associated with the disease (Grieco and Sheldon, 1970; Lorenz
et al. 2018). Fishermen, hunters, and pig farmers usually become infected through open
wounds (Grieco and Sheldon, 1970; Hunt et al., 2008). Pain, swelling, and erythema
typically develop on the phalanges days after the exposure (Hunt et al., 2008). The
disease will run a course of one to three weeks, but can last up to 32 weeks (Grieco and
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Sheldon, 1970). However, a comparable clinical presentation, characterized more by
infection of the finger joints and also called “seal finger”, is caused by Mycoplasma spp.
making it difficult to determine which bacteria are responsible without bacterial culture
or PCR tests (Hartley and Pitcher, 2002; Hunt et al., 2008). More serious infections with
Erysipelothrix do occur, such as endocarditis (Gorby and Peacock, 1988; Brooke and
Riley, 1999). If left untreated, this can lead to destruction of the cardiac valves (Gorby
and Peacock, 1988). Despite its potential for serious illness, infection by E. rhusiopathiae
is treatable with penicillin.
To date, only three human cases of osteomyelitis have confirmed E. rhusiopathiae
as the cause (Lorenz et al., 2018). Two of the patients were farmers, and the third worked
in raw meat preparation. The most recent case involved a middle-aged man who had
recently been poked in the finger by a sea robin barb (Prionotus carolinus) (Lorenz et al.,
2018). He developed a painful lesion within four days and a severe fever nearly two
weeks later. After several tests, E. rhusiopathiae was cultured from a sample obtained by
microdiscectomy. Considering that he was immunocompetent and otherwise healthy, this
demonstrates the potential health risk posed by E. rhusiopathiae to healthy people.

2.3.3. Leptospira
There are several Leptospira species, each of which can have multiple serovars,
which are closely related isolates (Spickler and Larson, 2013). Leptospira interrogans are
bacteria that infect warm-blooded animals, including humans, throughout the globe, with
rare occurrence in northern regions (Namroodi et al., 2017; Kassim et al., 2018).
Leptospira interrogans has many serovars that are thought to be host-specific. Hostadapted serovars rarely cause disease and abortion in their maintenance host, but can
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cause severe illness in incidental hosts (Heath and Johnson, 1994). The disease is called
leptospirosis, and in domestic animals presents as fever, renal and hepatic disease, and
reproductive failure (Adler and de la Pena Moctezuma, 2010). Signs of infection in
marine mammals include dehydration, vomiting, renal disease, and abortion (Gulland et
al., 1996; Colagross-Schouten et al., 2002; Namroodi et al. 2017).
Serovars Pomona and Canicola have been isolated from ill marine mammals, such
as New Zealand fur seals (Arctocephalus forsteri) and California sea lions (Zalophus
californianus) (Gulland et al., 1996; Mackereth et al., 2005). However, they have also
been isolated from healthy Caspian seals (Pusa caspica) (Namroodi et al., 2017).
Epizootics of leptospirosis have resulted in hundreds of strandings of California sea lions,
northern fur seals (Callorhinus ursinus), and elephant seals (Mirounga angustirostris)
(Smith et al., 1977; Gulland et al., 1996; Colagross-Schouten et al., 2002; Colegrove et
al, 2005; Delaney et al 2014; Namroodi et al., 2017). Affected California sea lions were
seropositive for L. interrogans serovar Pomona (Gulland et al., 1996; ColagrossSchouten et al., 2002). Most of these animals succumbed to the infections, and
postmortem examination showed gross renal lesions in all of the stranded seals (Gulland
et al., 1996). Northern Elephant seals in California also suffered from outbreaks of
leptospirosis in 1995 and 2011 (Colegrove et al., 2005; Delaney et al., 2014). These
elephant seals were thought to have acquired the disease while in rehabilitation care, and
subsequently suffered from renal failure. Antibodies against serovar Pomona were
detected in high titers in these seals. Caspian seals have had Leptospira antibody
prevalence of 17% but did not appear to display any signs of illness, indicating that
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exposure to L. interrogans is not always fatal or clinically significant (Namroodi et al.
2017).
Studies suggest that seroprevalence of Leptospira can be age-dependent in
pinnipeds. Similar to brucellosis, leptospirosis appears to be significantly more prevalent
in older seals than in northern fur seal pups (Smith et al., 1977). Smith et al. (1977)
studied the seroprevalence in bachelor northern fur seal bulls, adult females, and prepelagic pups. The fur seal bulls had the highest prevalence, between 7% and 15%, and the
pre-pelagic pups had the lowest prevalence at 2%. Low prevalence in pups are presumed
to be passively transferred from maternal antibodies. In contrast, Leptospira prevalence
was not shown to be age-dependent in terrestrial mammals, such as raccoons, beavers,
skunks and foxes (Shearer et al., 2014). Instead, occurrence in terrestrial wildlife appears
to be associated with areas with higher density of livestock and people (Shearer et al.,
2014).
Leptospira is excreted in the urine of infected animals and can survive for long
periods in warm and moist environments (Namroodi et al., 2017). Some Leptospira
species can survive up to 20 months, in fresh water at cold temperatures of 4°C (AndreFontaine et al., 2015). However, leptospires cannot survive in full seawater, so
transmission must occur through close contact between marine animals (Namroodi et al.,
2017). Common routes of transmission include via oral or nasal mucus or damaged skin
(Marshal and Manktelow, 2002; Mackereth et al., 2005). Additionally, Buhnerkempe et
al. (2017) modelled the occurrence of leptospirosis in California sea lions to explore the
reason for such persistence of the disease in the population. Using chronic shedding of L.
interrogans serovar Pomona and different seasonal drivers to model their effects on the
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persistence and outbreaks of leptospirosis, they determined that seasonal transmission
was the primary factor in predicting outbreaks in California sea lions, with chronic
shedding maintaining the disease between outbreaks. This supported other studies that
determined California sea lions were maintenance hosts, or reservoirs, for L. interrogans
serovar Pomona (Zuerner et al., 2009).
Leptospirosis has human impacts as well. Transmission to people occurs through
direct contact with infected urine or animals, and is typically associated with occupations
such as farming, fishing, and meat-packing (Adler and de la Pena Moctezuma, 2010; ElTras et al., 2018; Kassim et al., 2018). Within Canada, there were 36 confirmed cases of
leptospirosis in humans between 2009 and 2017 (Kassim et al., 2018). The most recent
case, described by Kassim et al. (2018), occurred in a healthy 20-year-old man in
Manitoba. He arrived at a hospital with symptoms including persistent fever, chest pain,
sweating, nausea, vomiting, and diarrhoea. His condition deteriorated to dangerous levels
until L. interrogans antibodies were detected in his serum. He was then treated with a
mixture of antibiotics and made a full recovery. The severity of that case and the fact that
the disease was acquired within Manitoba demonstrate the relevance of this disease
within Canada and the importance of including Leptospira in our study.
Considering that the disease is most likely to be endemic in tropical regions and
areas with livestock, exposure in northern regions is unlikely (Shearer et al., 2014; ElTras et al., 2018). However, stray dogs in Algeria have been known to act as reservoirs
for Leptospira, and dogs in Nunavut, including sled dogs, could be carriers as well (Zaidi
et al., 2018).
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2.3.4. Toxoplasma
Toxoplasma is a ubiquitous protozoan parasite of most mammals, birds,
and humans (Tenter, et al., 2000; van de Velde et al., 2016; Iqbal et al., 2018). It appears
to be present throughout the Arctic, even with the absence of felids, which are the only
known definitive hosts (Jensen et al., 2010). There are many potential intermediate host
species that act as the primary mechanism for transmission (Jenkins et al., 2013). In the
Arctic, these include Arctic foxes (Alopex lagopus), wolverines (Gulo gulo), barrenground caribou (Rangifer tarandus groenlandicus), and musk oxen (Ovibos moschatus)
(Kutz et al., 2000, 2001; Prestrud et al. 2007). Toxoplasma is also present in the marine
environment in several seal species, cetaceans, and walrus (Mikaelian et al., 2000; Dubey
et al., 2003; Measures et al., 2004; Iqbal et al., 2018). In wildlife, Toxoplasma can cause
encephalitis, abortion, and congenital disease (Dubey et al., 2002; Jenkins et al., 2013).
The parasite can present as encephalitis in sea otters, and there have been reports of
congenital toxoplasmosis in harbour seals (Van Pelt and Dieterich, 1973; Dubey et al.,
2003). Nattiit in Alaska have also had T. gondii antibodies with a seroprevalence of
15.6% (Dubey et al., 2003). Although the latter study did not report any clinical signs
associated with T. gondii in nattiit, it did report the death of an adult California sea lion
from a Toxoplasma infection. The animal displayed clinical signs of toxoplasmosis, such
as lethargy, anorexia, and a rash at the flippers; serological tests showed that the animal
had extremely high titers, and immunohistochemistry tests confirmed toxoplasmosis.
Interestingly, the sick sea lion was housed with two other sea lions, which had low
antibody titers but recovered after being treated with antibiotics.
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Nattiit from the western part of Svalbard were surveyed for T. gondii between
1992 and 2008, and their seroprevalence was 18.7% (Jensen et al., 2010). Interestingly,
there was no correlation between sex, age, or geographical area. Earlier studies of T.
gondii seroprevalence in nattiit in Svalbard found no seropositive animals (Oksanen et
al., 1998). The increase in seroprevalence may indicate the influence of climate change,
where increased survivorship of oocysts in the warming North Atlantic Current could be
transporting more oocysts north, which could be relevant to changes in the Canadian
Arctic.
Serosurveys in southeastern Canada have detected T. gondii antibodies in grey
seals, harbour seals, harp seals, and hooded seals (Measures et al., 2004). The seals had
seroprevalence between 1.7 to 9%. Interestingly, all tested harp seals from the Gulf of St.
Lawrence/Magdalen Islands were seronegative (Measures et al., 2004).
Routes of transmission include ingestion of infected animal tissues and water, and
transplacental transmission from mother to fetus (Messier et al., 2009; Jenkins et al.,
2013). Terrestrial and marine animals that migrate between Boreal/temperate and Arctic
regions are speculated to be the primary intermediate hosts (Prestrud et al., 2007; Jenkins
et al., 2013). This could include geese that migrate to the high Arctic from southern
regions of North America, or scavengers such as Arctic foxes and wolverines (Prestrud et
al., 2007; Elmore et al., 2014). Oocysts of T. gondii have been shown to survive for up to
two years in seawater at 4°C (Lindsay and Dubey, 2009). Environmental transmission of
Toxoplasma through land-based runoff has been shown to occur. Land-based runoff that
has been contaminated by cat feces has been known to infect sea otters in California
(Miller et al. 2002). That study examined the seroprevalence of T. gondii and found that

27

otters sampled near large freshwater runoff were much more likely to be seropositive than
otters living in areas of low freshwater flow. Interestingly, seroprevalence was not
associated with human population density. In the Arctic, freshwater runoff would occur
with snowmelt. Since runoff occurs in spring when the hydrological activity is the
strongest, and large amounts of freshwater pour into estuaries, it has been hypothesized
that snowmelt runoff is a source for Toxoplasma oocysts (Simon et al., 2013).
Considering that outbreaks of human toxoplasmosis are associated with heavy rainfall
events, this hypothesis may be well founded (Bowie et al., 1997; Simon et al., 2013).
Toxoplasma is persistent and continues to pose a threat to wildlife and humans.
As with Brucella, seroprevalence of Toxoplasma appears to be age-dependent
(Simon et al., 2011). A serosurvey across Inuit Nunaat on ringed, bearded, and harbour
seals found that the highest prevalence occurred in juveniles, followed by pups, then
adults. Seroprevalence also depended on location, where communities such as Arviat and
Hall Beach had prevalence of 15.6% and 23.1%, respectively, and Chesterfield had the
lowest at 2.4%. The reason for the higher seroprevalence in juveniles was not
investigated, and other studies on T. gondii did not explore seroprevalence by age.
There have been pinniped deaths caused by Toxoplasma gondii in Hawaii
(Honnold et al., 2005; Barbieri et al., 2016). A dead Hawaiian monk seal (Neomonachus
schauinslandi) was found in a surf zone in 2004, and investigations found visceral and
cerebral lesions, including cerebral protozoan cysts and tachyzoites in multiple tissues. In
addition, serological tests confirmed T. gondii antibodies and PCR tests identified T.
gondii DNA (Honnold et al., 2005). Eight more Hawaiian monk seals were found dead
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between 2001 and 2015 (Barbieri et al., 2016). Several tests, including serology, were
conducted, and it was confirmed that T. gondii was the cause of their deaths.
An experimental infection study of T. gondii in pinnipeds has provided valuable
information. Gajadhar et al. (2004) experimentally inoculated T. gondii oocysts in grey
seals to examine clinical signs and pathological effects. This was the first experimental
infection of marine mammals with T. gondii, and the authors successfully demonstrated
that, although seals seroconverted, they did not become ill whereas all similarly
inoculated mice either became ill or died. The authors concluded that diet may be the
path of exposure to T. gondii, as it is hypothesized with Brucella. As with any pathogen,
environmental stressors, such as pollution, could increase susceptibility to infection by T.
gondii in animals.
Infection with T. gondii in humans is most often asymptomatic but may present as
chorioretinitis, or as abortion if the initial infection occurs within the first trimester of
pregnancy (Bowie et al., 1997; Messier et al., 2009; Simon et al., 2013). In the Canadian
Arctic, Inuit have high rates of exposure to T. gondii (Messier et al., 2009). Exposure
rates are particularly high among Inuit in Nunavik. In 2004, Messier et al. (2009)
conducted a survey among Inuit in Nunavik to measure seroprevalence for T. gondii. The
authors determined that the overall seroprevalence for T. gondii in Inuit adults was 60%,
while other studies historically have reported higher values around 74% (Tanner et al.,
1987). This is substantially higher than the overall North American estimates of 20%
(Jenkins et al., 2013). Additionally, the Inuit population had higher seroprevalence than
community members of Caucasian or Cree descent (Goyette et al., 2014). This may be an
indication of practices around country food consumption since, as indicated earlier, Inuit
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often consume raw country foods. Because of the high prevalence of exposure to T.
gondii and the risk presented to expecting mothers, a program was established in 1996
that screened pregnant women for T. gondii antibodies in Nunavik (Jenkins et al., 2013).

2.3.5. Trichinella
Trichinella is a parasite with a broad geographical range and a broad spectrum of
hosts including birds, reptiles, and mammals (Pozio, 2016). Trichinella is an endemic
helminth that occurs in Arctic animals, such as polar bears, walrus, and humans. Infection
by Trichinella is called trichinellosis, or trichinosis, and clinical signs in wildlife are
unknown (Seymour et al., 2014). In humans, it typically presents causes vague symptoms
that can include myalgia, oedema, fever, rash, and persistent diarrhoea (McIntyre et al.,
2007; Jenkins et al., 2013; Seymour et al., 2014; CBC, 2016). However, severe outcomes
such as breathing difficulties, heart failure, and death have been recorded (Hull, 1930;
Murrell and Pozio, 2011; Gomez-Morales et al., 2018). Arctic communities that harvest
and consume a lot of country food are particularly susceptible to Trichinella outbreaks
because of food preparation practices, presence of freeze-tolerant Trichinella species, and
late diagnosis of trichinosis due to lack of training/specialization in visiting doctors
(Moller et al. 2010; Seymour et al., 2014). Transmission of Trichinella occurs through
consumption of raw or undercooked tissue infected with larvae (Proulx et al., 2002;
Bjerregaard et al., 2005; McIntyre et al., 2007; Seymour et al., 2014). The larvae are
released by gastric acid juices and migrate to the small intestine, where adult Trichinella
mature and reproduce (Jenkins et al., 2013; Seymour et al., 2014). Only the second
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generation of larvae migrate to the muscle tissue where they cause disease (Seymour et
al., 2014).
Trichinosis in wildlife and humans has been recorded throughout Inuit Nunaat
(Jenkins et al., 2013). In Nunavik, there have been 11 outbreaks between 1982 and 1999
(Proulx et al. 2002). Trichinosis occurs often enough that there are programs in place to
screen for the parasite for every walrus harvested in Nunavik and Nunavut. Some
Trichinella species persist in frozen tissues of animals and can account for the high
prevalence in Inuit across the Inuit Nunaat, who consume frozen country foods regularly.
A number of Trichinella species are cold adapted and infectivity can persist in frozen
muscle tissues up to 4 years at -18°C (Kapel et al., 1999; Pozio, 2016). Trichinella nativa,
T. T6, and T. britovi have larval stages with optimal survival temperatures corresponding
to temperatures under the snow (Pozio, 2016). Only T. nativa and T. T6 occur in the
Canadian Arctic, with T. nativa occurring in seals (Moller, 2007; Pozio, 2016). Moller
(2007) conducted a survey across Western Greenland in ringed and hooded seals and
found only one nattiq had Trichinella larvae among over 1700 samples, resulting in a
prevalence of 0.2% for larval presence in muscle tissue, while seroprevalence in muscle
fluid was 1.5%. Even country foods that are prepared, such as smoked, dried, and
fermented, can still remain infective (Hull, 1930; Forbes et al., 2003). Forbes et al. (2003)
showed that gray seals experimentally infected with T. nativa (isolated from polar bears
in Alaska), still contained infective larvae following multiple different methods of food
preparation.
Since people have lived in the Arctic, trichinosis outbreaks have occurred
sporadically but regularly. These outbreaks have most often been associated with eating
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walrus and polar bear meat, but there have been cases caused by eating nattiq (Sehrir et
al., 2001; Tryland et al., 2014). Because people share their food within the community,
one walrus could infect many people. For example, in Qikiqtarjuaq, an outbreak occurred
in 1999 after three walrus were harvested. Of the 62 Inuit who consumed the walrus
meat, 34 were diagnosed with trichinosis (Sehrir et al., 2001). The most recent incidence
of detection in Nunavut occurred in February 2019 in Sanikiluaq, following consumption
of infected polar bear meat (CBC, 2019). In eastern Greenland, Moller et al. (2010)
conducted a survey among three settlements and determined a seroprevalence of 3.1%
among the Inuit population. Interestingly, seroprevalence was correlated with age, where
older generations had a much higher prevalence at 12% than younger people.
There are a number of reservoir hosts in the Arctic, including polar bears, walrus,
and arctic fox (Kapel et al., 1999; Seymour et al., 2014). There have been reports of
Trichinella in beluga, bearded seals, and nattiit (Forbes, 2000). Nattiit have been recorded
to harbour Trichinella larvae across the Arctic, from Alaska and the Chukchi Sea,
Greenland, and Nunavik (Moller, 2007, Moller et al., 2010; Seymour et al., 2014). Nattiq
exposure to Trichinella is thought to occur by feeding on amphipods that are infected
with the parasite, since seals are not known to feed on polar bears or walrus (Fay, 1968;
Kapel et al., 2003; Forbes, 2000). Amphipods feeding on carcasses of deceased animals
such as arctic foxes, polar bears, or walrus will swarm to the infected carcass. This
attractive swarm of amphipods draws nattiit, which consume the infected amphipods. Fay
(1968) conducted an experiment in which amphipod swarms were allowed to feed on
infected bear meat for one hour, captured, and fed to dogs. The dogs were euthanized 30
days later for examination of Trichinella infection. The dog that ate the majority of the
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amphipods did have T. spiralis larvae in the muscle tissue, demonstrating that amphipods
are a potential vector. Seals that incidentally scavenge on pieces of infected tissue left by
hunters or predators would be exposed to Trichinella if the amphipods were feeding on
infected meat (Kapel et al., 2003). With such a low prevalence of Trichinellosis in nattiit
this may be the only route of transmission (Forbes, 2000).
Trichinella does not occur uniformly within the bodies of infected animals.
Density of Trichinella larvae depends on the host (Forbes, 2000). Marine mammals have
different predilection sites than terrestrial animals (Sharma et al., 2018a). In polar bears,
Trichinella concentrations are higher in diaphragm muscle than in masseter muscles
(Larsen and Kjos-Hanssen, 1983). In wolverines (Gulo gulo), the tongue harbours more
larvae then the diaphragm (Sharma et al., 2018a). However, within marine mammals such
as walrus, the diaphragm has lower density than the tongue (Kastelein et al., 1997). In
grey seals experimentally infected with large numbers of larvae, the distribution of larvae
in various muscles was uniform, but in one seal with a low density of infection, muscles
with a relatively high blood flow, i.e., diaphragm, intercostal, and rear flipper muscles,
were preferentially infected (Kapel et al., 2003). These differences in predilection sites
are thought to be based on oxygen supply and function of the tissue (Forbes, 2000).
Because the tongue of walrus is adapted for food processing, such as suction and
manipulation of shellfish, it is highly dexterous and therefore well vascularized. The
predilection sites for nattiit are not known.
As the climate warms in the Arctic it could facilitate increased prevalence of
pathogens and parasites such as Trichinella. Quantifying the presence of Trichinella in
nattiq populations, among other marine mammals, is becoming more pressing.
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3.0 Materials and Methods
3.1. Inuit Qaujimajatuqangit
Semi-structured interviews were conducted with nine Local Knowledge holders
(LKH). LKH were classified as Inuit or life-long residents of Nunavut who are actively
hunting and have specific knowledge with regards to nattiit within Frobisher Bay, as well
as hunting and preparation of country foods. Interview questions centred on three themes:
1) frequency and location of seal hunting by the LKH; 2) food preparation and storage;
and 3) identification of changes in nattiq health with regard to abundance and illness.
LKH were selected based on their knowledge and experience with nattiit within Frobisher
Bay by a community knowledge referral system where participants identified other
individuals based on their local expertise and involvement in local hunting/land
programs. These individuals were also active hunters and experienced in seal skin
preparations.
All interviews were conducted in September 2018 either in English or Inuktitut by
the author. Interviews were conducted until data saturation was reached. Because of the
nature of the questions, data saturation was reached early. Data saturation point was
determined based on affirmation of points previously made by other interviewees.
Interviews were recorded via a digital audio recorder when consent was given by the
participant. Notes were also taken and combined with transcribed interviews. Themes
were identified based on the nine questions (Appendix B).
All data were transcribed and translated into English and cross-referenced with
notes taken during the interviews. Transcriptions were then coded and analysed using
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Nvivo12 software (NVivo qualitative data analysis Software; QSR International Pty Ltd.
Version 10, 2012.). Thematic analysis as described by Braun and Clarke (2006) was used
to identify recurrent themes in the data. In an effort to address questions of food
preparation methods and observations of nattiq health, repeated rounds of reading and
categorizing the data made it possible to identify themes from the transcriptions. The
themes were sub-categorized within themselves to identify recurrent patterns. Direct
quotes from the transcriptions were attached to themes to clearly demonstrate the
importance of each theme (Toerien and Wilkinson, 2004). Frequency of thematic
references made by each LKH was calculated based on coding frequency within the
NVivo framework to demonstrate how common some aspects were related to seal health
and seal preparation.

3.2. Seal samples
All samples were obtained from local Inuit hunters during their subsistence
harvests within Frobisher Bay in spring 2017, and spring and fall 2018. Hunters were
provided with 10-mL Vacutainer® tubes for blood sampling (with spray-coated silica and
polymer gel for serum separation; Becton Dickinson and Company) prior to leaving for
their hunt. They were instructed to collect free-flowing blood from the bullet wounds,
typically on the neck or head, as soon as possible after killing individual seals.
Instructions also stated to exclude any bodily fluids and tissue that were not blood as this
could lead to haemolysis. Selection of the seals being harvested was left entirely to the
hunters’ decision, since an important goal of this project was to assess the health of seals
that would normally be consumed in the community. Hunters most often brought the
entire carcass to town to be sampled by the researcher before the carcass had any time to
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freeze. Occasionally, hunters would butcher seals while out on the ice or the water and
bring back selected pieces of the seal. When hunters brought the entire carcass, tissue
samples and lower jaws were collected. The following information was recorded:
hunter’s name, location of the seal’s capture, its sex (most cases), approximate age,
standard length, axillary girth, and blubber thickness over the sternum. Age classification
was based on standard length, girth, and in some cases pattern of the pelt, and typically
was left for the hunter to determine. Some seals were not aged in the field, and the jaws
were submitted for age analysis to the Matson’s Laboratory (Milltown, MT, U.S.A.).
Seals were classified as: young of the year, juvenile (approximately 1-5 years old), adult,
and unknown.
Body condition for all seals was assessed based on blubber thickness, girth, and
size. The following tissues were sampled: tongue and diaphragm, tonsils, lung,
mediastinal lymph node, mesenteric lymph node, liver, kidney, spleen, and muscle. All
samples except blood were stored at -20°C shortly following collection. Whole blood
samples were kept cool from the time that they were collected in the field and were
subsequently stored at 4°C in the fridge overnight. They were centrifuged within 24 hours
of collection at 4000 rpm for 15 minutes to collect sera. The degree of hemolysis in blood
samples was graded on a scale of 0 to 4, with 0 indicating no hemolysis (clear serum) and
4 indicating marked hemolysis (dark red serum). Serum samples with no evidence of
hemolysis collected from some seals in the fall had an opaque milky colour suggesting
the presence of lipids associated with active feeding. Serum samples were then stored in
cryo-vials at -20°C for a maximum duration of 50 days until they were brought back to
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the Atlantic Veterinary College where they were stored at -80°C until analysed for the
presence of antibodies to specific pathogens.
Table 1 provides a list of the analyses performed on the samples collected and the
location of laboratories where these analyses were performed.

Table 1. Analyses performed on samples collected from nattiit harvested in Frobisher
Bay, 2017-2018, and location of laboratories where these analyses were performed.
Analysis performed

Location

Heavy metals and trace

Animal Health Laboratory, University of Guelph,

elements

Ontario

Serology for Brucella and

Veterinary Diagnostic Laboratory (Dr. Jeremiah Saliki),

Leptospira

College of Veterinary Medicine, University of Georgia

Serology for Erysipelothrix

Laboratory of Dr. Susan Kutz, University of Calgary
Veterinary Medicine, Alberta

Serology for Toxoplasma

Laboratory of Dr. Emily Jenkins, Western College of
Veterinary Medicine, University of Saskatchewan

Identification of Trichinella in

Laboratory of Dr. Emily Jenkins, Western College of

tongue and diaphragm

Veterinary Medicine, University of Saskatchewan

3.3 Brucella
Brucellosis Card (Rose Bengal) tests using B. abortus and B. canis as antigens
were performed separately according to the manufacturer’s instructions (National
Veterinary Services Laboratories). This Brucella card test is standardized for domestic
animals.
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The card test uses equal volumes of whole killed Brucella cells stained with Rose
Bengal dye and undiluted serum sample. The solution is gently mixed for four to five
minutes, and then is placed on a smooth-surface cardboard and observed for
agglutination. Only positive or negative results are recorded.

3.4. Erysipelothrix
Sera were tested for presence of antibodies against Erysipelothrix rhusiopathiae
with an ELISA kit (ID.vet, Grabels, France). All samples were tested and analysed
according to ELISA method (Giménez-Lirola et al., 2012). Briefly, 96-well plates were
coated with 50 µL of 1 µg/ml surface protective antigen (rSpaA415) of E. rhusiopathiae
in phosphate buffered saline (PBS) and incubated overnight at 4°C, and washed the next
morning with washing solution (350 µL per well three times). 300µL of the supplied
blocking solution (1% Casein, 0.1% bovine serum albumin, 1% Tween 20 in PBS) were
added to each well for 2 hours at room temperature, then washed again in washing
solution. 50 µL of serum sample diluted to 1:100 with the blocking solution which has
been diluted 1:10 with PBS, were mixed and incubated for one hour at 37°C, and washed
again in washing solution. Plates were washed with a solution of 50 µL/well of Protein
A/G-HRP enzyme conjugate (Pierce/Thermo Fisher, Mississauga) diluted to 1/50,000 in
serum diluent (1:10 dilution of blocking solution) and incubated for one hour at 37°C,
then washed after with washing solution. Plates were washed again with 100 µL
enhanced tetramethylbenzidine-hydrogen peroxide substrate (Pierce/Thermo Fisher,
Mississauga) at room temperature for 15-25 minutes. Finally, the reaction was stopped by
adding 100µL/well 1.00 Normal Sulfuric Acid at room temperature.
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All plates were read immediately after addition of sulfuric acid at 450 nm and
sample results expressed as optical density (OD) values. The sample-to-positive
percentage was calculated using the OD as (ODsample - ODnegativecontrol) /
(ODpositivecontrol - ODnegativecontrol) x 100, with lab controls. Samples were tested in
duplicate and the average OD was recorded for each sample. Samples with an average
OD value >0.2 and a discrepancy of >20% between duplicates were repeated. The cutoff
point for samples was determined by creating bootstrapped confidence intervals around
the cutoff and creating a mixture distribution analysis as described by Garnier et al.
(2017). OD values that fell below 0.43 were considered negative. This reduced sensitivity
of the test but increased the specificity (Bondo et al., 2019). The mixture distribution
model (MDM) assumes that diagnostic test results originating from a population of
animals are a mixture of two underlying subpopulations (negative and positive samples)
with distinct distributions and that, in the case of ELISA, OD values of both
subpopulations are normally distributed (Garnier et al. 2017). The cut-off OD estimated
through MDM was 0.36, with a 95% uncertainty interval of 0.15-0.43.

3.5. Leptospira
Sera were examined for six L. interrogans serovars: Bratislava, Canicola,
Grippotyphosa, Hardjo, Icterohaemorrhagiae, and Pomona. A standard microscopic
agglutination test (MAT) was conducted (Ahmad et al., 2005). Live antigens were
suspended with serially diluted serum samples and examined microscopically for
agglutination. Titer dilutions were completed serially at 100, 200, 400, 800 and 1,600.
Serum samples were considered positive when 50% of the Leptospira antigens
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agglutinated at each titer dilution. Seals were considered as exposed if titers were ≥1:100
(Calle et al., 2002; Colagross-Schouten et al., 2002; Delaney et al., 2014).

3.6. Toxoplasma
Sera were tested for the presence of Toxoplasma gondii antibodies with the ID
Screen Toxoplasmosis indirect multi-species ELISA kit (ID.vet, Grabels, France). All
samples were tested and analysed according to the kit instructions. Samples were thawed
to room temperature and diluted to 1/10 in the supplied dilution buffer. 10 µL were
applied to the 96-well plate, which was coated with P30 antigen of T. gondii. The
antigen-sample mixtures were incubated at room temperature for 45 minutes. The plate
was washed three times with the supplied wash solution. A conjugate diluted at 1/10 with
the supplied buffer was prepared and 100 µL were applied to each well. After 30 minutes
of incubation, the excess was discarded, and plates were washed three times with the
supplied wash solution. 100 µL of substrate solution were added to each well and
incubated for 15 minutes in the dark. After incubation, 100 µL of supplied stop solution
were added to each well to stop reaction. Readings recorded the optical density (OD) at
450 nm. The test was validated if the supplied positive control OD was greater than 0.35
nm, and if the ratio of supplied mean positive control OD to negative control OD was
greater than 3. The sample-to-positive (S/P) percentage was calculated using the OD as
(ODsample - ODnegativecontrol)/(ODpositivecontrol - ODnegativecontrol) x 100, with
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supplied positive and negative controls. Samples were negative if the S/P ratio was under
50%, and positive if above 50%.

3.7. Trichinella
Samples were analyzed following CFIA digestion assay guidelines (Forbes and
Gajadhar, 1999). The assay simulates the gastric process by using hydrochloric acid and
granulated pepsin to digest muscle (tongue or diaphragm) to free the larvae. Samples
were thawed to room temperature, and 5g of subsamples from each of five seals were
minced and placed into a blender, making a pool of 25g. Pools of five were blended with
50-100 mL of supplied digestion solution (30mL concentrated hydrochloric acid and
2970 mL of tap water heated to 37°C) and blended until uniform. Subsequently, 30g of
pepsin and 50-200 mL of water/HCL solution were added to the homogenate and
blended. Mixture was digested at 37°C for 30 minutes. The contents of the blender were
poured sequentially over two separatory funnels to sediment out the larvae. The contents
were allowed to settle for 30 minutes in each separatory funnel before moving the fluid to
the next funnel. All sediment, larvae and a small amount of diluted digestion fluid were
collected from the bottom of the separatory funnel into a grid-etched Petri dish and
examined for the presence of Trichinella larvae with a stereomicroscope. Presence of
larvae represents a suspected infection. In suspected infections, each of the pooled seal
samples are re-analysed individually to confirm the presence of the parasite. Tissues
containing three larvae per gram or more can be effectively detected when using 5g
samples sizes (Forbes and Gajadhar, 1999).

3.8 Histology
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Gross lesions observed were sampled in the field and frozen at -20°C until
brought back to the laboratory for further examination. These samples were thawed and
fixed in 10% buffered formalin. After a few days, representative subsamples were
dehydrated in graded alcohol and xylene, and embedded in paraffin blocks; 5 µm-thick
sections were stained with hematoxylin and eosin and, in one case, Periodic Acid-Schiff
(PAS) (Luna, 1968). Samples of kidney from eight seals with a titer of 1:800 and of three
seals with a titer of 1:1,600 to Leptospira sp. and a sample of liver from one seal with a
titer of 1:1,600 to Leptospira sp. were similarly processed and stained with hematoxylin
and eosin. Sections of kidney from three seals with a titer of 1:1,600 to Leptospira sp.
were also stained with Warthin-Starry (silver) stain.

3.9 Bacteriology
In a single case, a subsample of a cutaneous lesion was submitted for
bacteriological examination. Columbia agar with 5% sheep blood and MacConkey agar
were used for primary culture at 35°C with 5% CO2. Bacterial isolates were identified
with the Bruker microflex LT MALDI-TOF system (matrix-assisted laser desorption /
ionization technique) with MBT Compass version 4.179.

3.10. Statistical Analysis and ethics
Fisher’s Exact test of independence was used to determine sex predilection for
seals that were positive for Brucella, Erysipelas, Leptospira and, Toxoplasma. A threeby-two Fisher’s test was used to analyze age predilection by comparing young-of-year
seals (YOY), juveniles, and adult seals positive for Brucella, Toxoplasma, Erysipelas,
and Leptospira by Fisher’s Exact test. An additional two-by-two Fisher’s exact test was
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used to test significance between YOY and adult seals if there was a significant
difference between the three-by-two test. P values <0.05 were considered statistically
significant. All analyses were done using StataCorp, 2013 (Stata statistical software:
Release 13. College station, TX: StataCorp LP).

Researchers associated with this project obtained community approval through
Iqaluit’s Amaruk Hunters and Trappers Association. This project was approved by the
University of Prince Edward Island’s Research Ethics Board (Project ID A612809).
Licenses were obtained from Department of Fisheries and Oceans for License to Fish for
Scientific Purposes (DFO LFSP S-17/18 1005-NU). Nunavut Wildlife Management
Board also approved this project, and requirements of The University of Prince Edward
Island’s Biosafety Committee were fulfilled for shipping and handling of samples.
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4.0 Results
4.1 Inuit Qaujimajatuqangit
Nine interviews were conducted, eight being with local hunters, and one with a
very experienced sealskin preparation woman. All Local Knowledge Holders (LKH)
were long-time residents of Iqaluit, NU. Six interviews were in Inuktitut, and three were
in English, all conducted by the author. After completion of the final interview, the
responses to the questions were sufficiently consistent across all LKHs, and it was
determined that additional interviews were not needed as thematic saturation was
reached. Because of the broad nature of the interview question, there was little room to
ask specific questions without additional ethics approval. There were six themes
identified in the thematic analysis of the interviews.

4.1.1 Age preference
There was always preference for young, smaller nattiit ‘nattiaviniq’ over older, larger
nattiit.
LKH 2: “The younger the better. The smaller the better.”
LKH 7: “The young ones. I think all Inuit are like this.”

Three hunters did not mind eating older male seals, which are the least desirable nattiit to
harvest because they have a strong odour that permeates into the meat. The hunters who
did not mind consuming these large male seals were all Elders and male, who had spent
parts of their lives living in outpost camps.
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LKH 7: “Some people don’t like them because they smell too much. They still taste good
to me.”

4.1.2 Seal abundance
All participants stated that nattiq abundance was decreasing within the
Tasiujaqjuaq (Figure 2), or in areas that were closer to the city of Iqaluit. Three main
explanations were offered up for this observed decline: 1) natural fluctuations, and we are
in a time of low abundance, 2) an increased number of hunters over the years and an
increase in boat and snowmobile activity; and 3) the seals are moving away from the city.
Most participants explicitly stated that nattiit were not in decline as a whole population.

LKH 3: “But, I think the population itself is not really reducing in number I think they
sort of move away to some other places where there's less human activity.”

Interviewees seven and nine did not explicitly say that there was no decline, they said that
seals would not go extinct, and that the seals move around.

LKH 7: “…they fluctuate and they may be hard to see now because there's not so many,
but they will rebound.”
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Figure 2: Map of Frobisher Bay, NU, indicating the area called Tasiujaqjuaq. The shore
defines the north, east, and west borders, and the south border is defined by a chain of
islands (not visible in the image). The icon indicates the location of the city of Iqaluit.
4.1.3. Illness in seals
Sickness in seals was not commonly seen. However, as the interviews were
conducted, terminology was deemed key in defining what an unusual or “ill” seal was.
For example, if a hunter says he’s never seen a sick seal, but later states he has seen seals
with no fur, this was coded as a “no” for “Have they ever seen a sick seal”. However,
following the new information about a seal with patchy or no fur, this was also coded as a
“yes” for having seen a sick seal. LKH 4 also had never seen a sick seal; however, upon
examining the content of the interview, the participant had seen seals with bad livers,
which was coded as a “yes” for seeing a sick seal. Participants also indicated that if the
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seal is otherwise in perfect health (good fat stores, no swollen lymph nodes or visible
signs of illness), they will cut the affected area away and eat the rest of the seal. A
number of participants had also harvested seals that had previously been shot by other
hunters and survived. Two hunters had come across nattiit that had been killed by polar
bears, based on condition of the carcass.

4.1.4. Methods of inspection
Seal health is judged throughout the whole hunting process. Hunters will observe the
behaviour of the seal first before deciding to shoot it.

LKH 1: “You know, you don’t necessarily know why they’re sick, but you recognize that
this is out of the norm, and so it may not be limited to just the colour of meat or bad
patches on the seal, it could have been the seal behaviour.”

Once the seal is harvested, the health of the seal is judged through multiple criteria such
as fat content, fur condition, size, condition of internal organs, and presence of
abnormalities (stone-like growths/granulomas, size of lymph nodes).

LKH 3: “When we skin them and there’s something wrong with the liver or if there’s
something wrong with the lungs, or you see, if the lymph nodes are real big, or if there’s
those kinds of things, they tend to not keep those for food. So, you skin it, and cut up the
seal you’re looking at all those things. You're looking at the condition of organs; you
look at lymph node sizes.”
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The liver, which is the most prized organ for consumption, is judged scrupulously before
deciding to consume it. Most of the participants mentioned the condition of the liver, and
will not consume it if it appears abnormal. Livers with spots, and those that are not
uniform in colour, are not consumed.

LKH 9: “I’ve seen white livers. And, we won’t eat those livers. We only eat normal
livers.”

Local Knowledge Holders are selective in what seals they will butcher and bring home.
Many hunters, when they harvest a visibly ill or abnormal looking seal, will not butcher
the seal for fear of contaminating their equipment or contracting an illness. LKHs
mentioned shooting a seal that upon inspection was not fit for consumption because of
visible lesions, or appeared to be unhealthy looking. The hunters did not want to sample
the seals because they were repulsed and discarded the seal by opening it up and leaving
it to the birds or placing it back in the ocean.

LKH 3: “Well yea, you’re a meat inspector. Meat inspectors reject diseased animals and
diseased parts.”

4.1.5. Eating seal
All participants liked to consume raw seal products, particularly the liver, immediately
after butchering the seal. Seal meat, brain, and blood are also consumed raw (Table 2).
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LKH 1: “Right, take like 3 or 4 bites of raw seal and it sends a rush of blood all over
your body.”

All LKHs liked to boil the seal meat for consumption. Fermentation of some seal parts
also appeared to be popular, but only with the oldest of the participants. Although exactly
which parts are fermented was not explored, it included seal flipper and meat. All
participants consumed the small intestines, either raw frozen, dried, or boiled. Small
intestine is always cleaned out and rinsed with ocean water before it is prepared and
consumed. When it is prepared for boiling, it is cut into smaller pieces. Three of the
LKHs also indicated consuming the small intestine after it has been allowed to dry in the
open air. All LKHs indicated consuming liver and seal meat, raw, frozen, or boiled
(Table 2).

LKH 3: “…liver is really good frozen; it’s like dark chocolate. In the winter.”

Lungs are also consumed, either frozen-raw or boiled. Particular favourites were lungs
from young-of-the-year seals. Finally, raw blood is consumed as well, particularly by the
older LKH’s. All participants freeze their seal meat in Ziploc bags if they are not going to
eat it fresh (within 2 to 3 days). All participants also preferred to eat seal when it is fresh
and has never been frozen.
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Table 2. Cross-tabulation of preparation methods utilized by nine Local Knowledge
Holders, and parts of the seal they consumed.
Prepared

Consumed Parts

Raw Boil Ferment Intestine Liver Lungs Blood Meat
LKH

9

9

4

9

8

6

3

9

4.1.6. Harp Seals
Although Harp Seals were not part of the questions, they were mentioned in most of the
interviews. Hunters expressed concern over their increasing numbers and health.

LKH 2: “Number, big numbers. Thousand, hundred thousand coming up. They kind of
over taking the nattiit.”

LKH 3: “The one thing that I’ve seen really increase in illness is the Harp Seals. Young
seals you’ll see that they are covered in algae, they’re covered in lesions, they’re skinny.
... But, really sickly. If I see one, I’ll shoot them and leave them. I don’t even want to
touch them with my hook. Cause it would contaminate.”

Most of the LKHs also consume Harp seals, but only the young ones, primarily because
the adult Harps are too large to butcher and for taste preferences.

LKH 6: “We also eat young harp seals, as long as they are small.”
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4.2 Seal samples
A total of 55 seals were sampled (Appendix C). All seals appeared clinically
healthy with the exception of five seals, two of which were rejected by the hunters (See
sections 4.2.2) Twenty-six seals were female, 21 were male, and eight were of unknown
sex. Thirty-one seals were young of the year (YOY), nine seals were classified as
juvenile, 11 were classified as adults, and four were of unknown age.

4.2.1.0. Serology
4.2.1.1.Brucella
All 44 seals tested were negative for Brucella canis antibodies. Of the 44 seals
tested for Brucella abortus, nine seals were positive, for a seroprevalence of 20.5%
(Table 3). There was no significant difference in prevalence between sexes (p = 0.442, df
= 1), or between age classes (p = 0.859, df = 1).

4.2.1.2. Erysipelothrix
Eleven of 52 samples tested for antibodies against Erysipelothrix rhusiopathiae
were positive, for a seroprevalence of 21.1% (Table 3). There was a significant difference
between sexes, where males (8 of 21) had more positives than females (3 of 26) (p =
0.036, df = 1). There was no significant difference among prevalence in age classes (p =
0.267, df = 1).
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4.2.1.3. Leptospira
Of 44 serum samples tested for Leptospira interrogans, 41 were positive for at
least one of the six serovars tested, for a prevalence of 93.2% (Table 3). All 44 samples
were negative for serovars Canicola and Hardjo (Table 4). Twenty-seven of 44 samples
were positive for serovar Bratislava with a seroprevalence of 61.4%. There was no
significant difference between sex (p = 1.00 df = 1), or age classes (p = 0.410, df = 1) for
serovar Bratislava. Two of 44 samples were positive for serovar Grippotyphosa, with a
seroprevalence of 4.5%. Forty of 44 samples were positive for serovar
Icterohaemorrhagiae, with a seroprevalence of 90.9%. There was no significant
difference between sex (p = 1.00, df = 1), or age classes (p = 0.393, df = 1). Ten of 44
samples were positive for serovar Pomona, with a seroprevalence of 22.7%. There was no
significant difference between sex (p = 0.721, df = 1), or age classes (p = 0.326, df = 1).
There were 11 samples with titer of 1:800 and three samples with titer of 1:1,600
for at least one Leptospira interrogans serovar: ten YOY, one juvenile, and one adult.
One seal (#192, YOY) had high titers (≥ 1:800) for three of six serovars: 1:800 for
serovars Bratislava and Pomona, and 1:1,600 for serovar Icterohaemorrhagiae. None of
these seals with high titers displayed any renal lesion grossly or microscopicaly.

4.2.1.4. Toxoplasma
Five of 51 samples tested for antibodies against Toxoplasma gondii were positive, for a
seroprevalence of 9.8% (Table 3). There was no significant difference in seroprevalence
between sex (p = 0.151, df = 1) or age classes (p = 0.345, df = 1).
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4.2.1.5. Trichinella.
All 54 muscle samples (tongue and/or diaphragm) were negative for Trichinella larvae.
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Table 3. Serology results for four pathogens in nattiit collected in Frobisher Bay (2017-2018), by age. Sexes combined.
Brucella abortus1

Leptospira interrogans2

Erysipelothrix

Toxoplasma gondii3

rhusiopathiae3
Numbers tested

44

44

52

51

Young of Year

5/29

27/29

8/31

2/30

Juveniles

2/7

6/7

0/9

2/9

Adults

1/7

7/7

3/11

1/11

Age not available

1/1

1/1

0/1

0/1

Numbers positive

1

Brucellosis card test.

2

Microagglutination test. All six serovars combined. All seals with a titer of 1:100 and above were considered positive

3

ELISA (enzyme-linked immunosorbent assay).
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Table 4: Individual results of serological microagglutination test for six Leptospira interrogans serovars in nattiit
collected in Frobisher Bay (2017-2018), by age. Sexes combined.
Leptospira interrogans serovars
Bratislava

Canicola,

Grippotyphosa

Icterohaemorrhagiae

Pomona

Hardjo
Numbers

44

tested
Numbers
positive
Young of Year

13 neg

29 neg

28 neg

2 neg

24 neg

1 > 1:100

3 > 1:100

3 > 1:100

2 > 1:200

5 > 1:200

1 > 1:200

1 > 1:800

9 > 1:400

1 > 1:800

13 > 1:100

8 > 1:800
2 > 1:1600
Total negative YOY for all serovars: 2
Total positive YOY for at least one serovar: 10
Total positive YOY for more than one serovar: 17 (58.8%)
Juveniles

3 neg

7 neg

7 neg

1 neg

5 neg

2 > 1:100

1 > 1:200

1 > 1:100

2 > 1:200

4 > 1:400

1 > 1:200

55

1 > 1:800
Table 4 Continued
Total negative Juvenile for all serovars: 1
Total positive Juvenile for at least one serovar: 2
Total positive Juvenile for more than one serovar: 4 (85.7%)
Adults

1 neg

7 neg

3 > 1:100

6 neg

1 neg

4 neg

1 > 1:100

1 > 1:100

2 > 1:100

4 > 1:400

1 > 1:400

3 > 1:200

1 > 1:1600

Total negative YOY for all serovars: 0
Total positive YOY for at least one serovar: 2
Total positive YOY for more than one serovar: 5 (100%)
Age not

1 > 1:100

1 neg

1 neg

1 > 1:200

available
Total (%

41/44

positive)

(93%)

56

1 neg

4.2.2. Pathological observations
Macroscopic lesions were identified in five of the 55 seals sampled.
Seal #61 was an adult male. It had numerous patches of alopecia and skin necrosis
(Figure 3). Its nails were worn down indicating it was a very old seal. This seal was
rejected by the hunter because of the skin lesions. No samples were collected for
histology or bacteriology. This seal was seropositive for Erysipelothrix and Toxoplasma
gondii, and was not tested for any other serological tests. Muscle and liver samples were
taken for heavy metal analysis.

Figure 3: Nattiq sample #61 harvested in Frobisher Bay, NU. The seal was rejected by the
hunter because of the irregular, red skin lesions (arrows) covering the body. A) View of
lesions covering the abdomen and side and B) close up of lesions showing skin necrosis.

Seal #139 was an adult female with several skin lesions on its abdomen. The seal
was rejected for food and submitted by a hunter in June 2017. The large and otherwise
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healthy looking seal had three circular lesions on its abdomen. The skin sample submitted
included three large ulcers, each approximately 1-1.5 cm in diameter. On section, an area
of greyish discoloration underlying each of these ulcers extended into the superficial
region of the blubber. Microscopically, soft tissues underlying these ulcers showed a
marked suppurative inflammation characterized by an infiltration of large number of
neutrophils and macrophages in the dermis and superficial region of the blubber. That
region was also infiltrated by lymphocytes and plasma cells, but there was relatively little
evidence of fibroplasia. Culture of one of the ulcers on Columbia agar with 5% sheep
blood yielded a light growth in pure culture of tiny translucent-to-white bacterial colonies
with complete (beta) hemolysis. There was no growth on MacConkey agar. The isolated
organism was identified with high confidence by the MALDI-TOF system as
Streptococcus phocae (2.17 score value). No microscopic lesion was seen in other tissue
samples examined from this seal, including lung, liver, kidney, and spleen. This seal was
seronegative for Erysipelothrix and T. gondii. Other serological tests were not performed.
Muscle and liver samples were taken for heavy metal analysis.
Seal #206 was harvested in September 2018, and kept by the hunter. The seal was
an adult pregnant female. The seal had small hard white bumps on the abdomen,
throughout the tail, and under the fore-flippers, which looked more like small depressions
once the samples were frozen and thawed. Microscopically, details were poor because of
freezing artefacts. However, there was a distinct diffuse infiltration of inflammatory cells
in the superficial region of the dermis, which in some places had invaded the deep region
of the epidermis. The epidermis appeared generally intact but contained some small areas
of ulceration. It was covered in several places by large masses of slim fungi and small
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and large round or oval structures (possible yeasts). On PAS stain, the fungal hyphae
were seen to have invaded some parts of the epidermis as well as the epithelium of some
hair follicles. Lesser numbers of fungal hyphae also covered much of the rest of the
epidermis. This seal was also seropositive for Erysipelothrix rhusiopathiae, had a titer of
1:400 for Leptospira serovars Icterohaemorrhagiae, and was negative for all other
pathogens. Muscle and liver samples were taken for heavy metal analysis.
Seal #211 was a male YOY. The seal was rejected by the hunter because of the
spotted lungs, but the meat was consumed by another who deemed the lungs to be
normal. This seal was harvested in September 2018. It had numerous, small, welldemarcated (some almost square), soft areas of white discoloration on the surface and on
section of otherwise very congested lungs. Approximately half of the seals collected in
this study had similar lesions, although this was the only animal sampled for histological
examination. Microscopically, much of the pulmonary parenchyma was markedly
atelectatic. The areas of white discoloration corresponded to groups of well-aerated,
possibly slightly emphysematous, alveoli that included several cross sections of small
nematodes (tentatively identified as Filaroides [Parafilaroides] hispidus), with no
associated inflammation. Similar nematodes were not seen in other areas of the sections.
The nattiq was seronegative for all pathogens except Leptospira serovars
Icterohaemorrhagiae (1: 200). Only muscle samples were taken for heavy metal analysis.
No microscopic lesions were identified in kidneys of nine seals with Leptospira
interrogans titre of 1:800 and of three seals with titre of 1:1,600, and in the liver of one
seal with a titre of 1:1.600 (#137). No bacterium was identified on Warthin-Starry stain in
kidneys of three seals with a titre of 1:1,600 to Leptospira interrogans.
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5.0 Discussion
5.1. Inuit Qaujimajatuqangit
Conducting interviews with Local Knowledge Holders proved to be invaluable in
informing the applicability of the serological results. Specifically, understanding how
Inuit examine and consume nattiit can allow us to narrow down where serology can
contribute to understanding nattiq health meaningfully. The interviews also informed our
understanding of potential human health implications that could be associated with
consuming nattiit, and demonstrated that experienced hunters are skilled at identifying
and rejecting sick seals and omitting parts of the seals that could be unhealthy.
Conducting interviews in two languages provided a unique opportunity to explore
scientific terminology and Inuktitut terminology for defining seal health. During the
interviews, two considerations became very important: 1) terminology is extremely
important when defining a sick seal in both languages; and 2) if a seal appears normal
save for one aspect, such as no fur or a spotted liver, the seal is not perceived as ill, but
has an oddity that does not indicate the seal is unsafe to consume, and the affected area is
cut away and disposed of. The importance of terminology was demonstrated when LKHs
were asked if they had ever seen a sick seal. Several LKHs answered “no”, but later
would explain that they had seen seals with no fur, enlarged lymph nodes, or abnormal
growths, all of which have words in Inuktitut, but do not fall under the umbrella term for
defining sickness. The interviews would have been enriched by the inclusion of specific
questions on fur condition, internal organs, and abnormalities observed. However, if
abnormalities are pervasive throughout the whole body or the area is particularly large,
the seal is not consumed. Additionally, it became very clear that harp seals were a
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growing concern among Iqaluit hunters. As one of the aims of this project was to identify
the concerns from Iqaluit locals, this goal was achieved, if in an unexpected way since it
was concerning a different seal species. Harp seal populations are increasing in number
every year, and ill harp seals are often seen in Frobisher Bay. Through conducting and
analysing the interviews, it has become apparent that conducting a serosurvey on harp
seals may be necessary to understand what pathogens they may be harbouring as
reservoirs or possibly as vectors to nattiit, and possibly even to humans.
Although the interview questions did ask about nattiq health, we did not ask
questions on human health in relation to nattiit, such as if hunters ever experience illness
after getting seal blood into an open wound, or becoming sick after consuming seal.
Asking questions about illnesses or infections, such as seal finger, would have been
beneficial to understand the prevalence of illnesses that may have been caused by seals.
Seal finger, which is common in fishermen, has been associated with infection by
Erysipelothrix rhusiopathiae and is treatable with penicillin, if caused by this bacterium.
It could be common among seal hunters as well, but may be misdiagnosed or missed
because of the non-specific appearance of the infection. It could be pertinent to educate
hunters and physicians working in the north about the risks of contracting illness, such as
seal finger and brucellosis, from seals. Hunt et al. (2008) conducted interviews on people
who work with marine mammals, and found that some patients were misdiagnosed for
extended periods of time, while being very ill, and only getting the correct diagnosis after
consulting with a veterinarian.
In the following sections we will interpret the serology results with IQ
interspersed throughout the discussion of each section.
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5.2 Serology
There was no significant association between seroprevalence and age groups for
any of the pathogens investigated in this study. Although other studies on nattiit in
northern Canada have found otherwise, our results may not have detected a difference
between age groups due to the relatively small sample size (<55 animals), strong
preference for young seals on part of the hunters (and therefore an insufficient number of
adults to compare with), or because there was no age association with the pathogens we
studied. However, Inuit hunters will continue to favour small and young animals, as
determined by the interviews, and the sample population that is most relevant to human
health is the population being hunted. In addition, the motives for this study as a whole
originated in the interest of informing the public, particularly Inuit, on the health of
harvested nattiit within Frobisher Bay. It must be noted that, although there were 55
samples, not all seals were tested for each pathogen due to missing samples (eg. seal
was missing muscle but had serum samples [Appendix C].

5.2.1 Brucella
Although there was a seroprevalence of 20.5% against Brucella abortus in our
study population, there were no clinical signs or lesions of brucellosis in harvested seals,
and none were observed or reported in other free-living seals. None of the four seals
sampled with lesions was seropositive for Brucella. Other serological surveys for
Brucella spp. on otherwise healthy animals have also found antibodies against Brucella
(Nielsen et al., 1996; Tryland et al., 1999; Forbes et al., 2000). Nielsen et al. (1996) also
collected seals through Inuit subsistence hunts, and found 4% seroprevalence (10 of 248)
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in seals from Pangnirtung, Resolute Bay, Paulatuk, and Holman Island. The nearest
community to Iqaluit in their study was Pangnirtung, and it had a seroprevalence of 9%,
which was below our 20.5%. In fact, walrus had a closer overall seroprevalence, at 12%
in the same study. Moreover, seropositive seals appeared randomly distributed
throughout Frobisher Bay, and not concentrated in one area of the bay. Such as in the
cases of Trichinella infections, seals could incidentally consume amphipods that have
been feeding on Arctic fox or caribou carcasses that were infected with Brucella (in this
case, B suis biovars 4), thereby consuming Brucella infected amphipods (Forbes, 2000).
Interestingly, there was no significant difference in prevalence of Brucella antibodies
between YOY and adults, and no association with sex. In contrast, young hooded seals in
the northeast Atlantic tend to have a higher seroprevalence than adults (Nymo et al.
2013).
Brucellosis is a notifiable disease in Nunavut. Although exposure of people to
Brucella is most likely to occur via caribou in Nunavut, seroprevalence of Brucella in
nattiit is valuable to know because they may be a potential source of human infection
(Forbes, 1991). Cases of brucellosis in the Arctic have been reported in caribou and
people, and were associated with B. suis biovar 4 (Forbes 1991; Nielsen et al., 1996;
Forbes et al., 2000). The two Brucella species used as antigens in our serological test
were B. canis, commonly associated with dogs, and B. abortus, typically associated with
cattle (Foster et al., 2007). Including serologic assays specific to B. pinnipedialis, B. ceti,
and maybe B. suis biovar 4 in this study would have been ideal, but these species were
not available to us for development of diagnostic techniques.
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It is assumed that cross-reactivity may occur between different species of Brucella
in the assay used in this study, and thus that seropositive nattiit may actually have been
exposed to other Brucella species. Perhaps, if we had utilized more than one diagnostic
method we could have more accurately determined both the seroprevalence and species
of Brucella to which nattiit may be exposed in Frobisher Bay. Most commercially
available serological assays, including the Brucella card test, are designed for domestic
terrestrial animals and thus may not be completely reliable in marine mammals (Duncan
et al., 2014). Without additional tests, such as PCR or bacterial culture, it is hard to
determine exactly which species of Brucella the nattiit may have been exposed to. Other
methods for Brucella detection include ELISA (Forbes et al., 2000; Nymo et al., 2011)
and bacterial culture (Nymo et al., 2013). In fact, a competitive ELISA (cELISA) has
been developed specifically for cetaceans and pinnipeds (Meegan et al., 2010;
Hernandez-Mora et al., 2013). This cELISA is more sensitive than tests targeting B.
abortus (such as the Brucella card test used in our assays) and has been shown to detect
more positive serum samples (reducing the number of false negatives). Evaluation of the
use of B. abortus-based tests in cetaceans and pinnipeds has demonstrated that occasional
false negative test results can occur (Miller et al., 1999; Maratea et al., 2003; Meegan et
al., 2010). For example, serological assays, such as card tests, rivanol test, standard tube
agglutination tests, and competitive ELISA targeting B. abortus were compared to
bacterial cultures, PCR, and histopathology to examine presence of Brucella in three
cases of bottlenose dolphin abortion and placentitis (Miller et al., 1999). The study
determined that the serological assays, such as card tests, which have low specificity,
were not as effective in detecting exposure as culture and PCR in dolphins. Typically,
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most studies incorporate at least two methods for testing for Brucella, such as Card test,
bacteriology, and a complement fixation test (Tryland et al., 2005), or ELISA and
bacteriology (Nymo et al., 2013).
Most Brucella pinnipedialis isolates have been recovered from healthy animals
from the wild (Nymo et al., 2011; Hernandez-Mora et al., 2013). In fact, most of them
were isolated from lungs or lungworms. Interestingly, seal #211, which had confirmed
nematodes in the lungs, was seronegative for Brucella abortus and B. canis. It would be
helpful to have serological result on B. pinnipedialis for this seal, and maybe do an
ELISA to get a more reliable result, knowing that the card test has potential for false
negatives. Implementation of additional diagnostic tests to clarify the Brucella species to
which nattiit may have been exposed, and to confirm serologic results, was beyond the
scope of this study as the aim was to determine presence/absence of evidence of exposure
to the pathogens. However, PCR and additional diagnostic approaches are being pursued
in future phases of this nattiq health assessment.
Explanations for the positive serological results for Brucella in the population of
nattiit in our study include: 1) positive results may be due to another Brucella-like
bacterium that mimics Brucella in the card test, resulting in cross-reactions; 2) seals were
exposed to Brucella in the past and infection has resolved; or 3) seals could be currently
infected with no manifestation of disease (subclinical infections). Cross-reactivity if the
Brucella card test with other bacterial species has been known to occur. The most likely
bacteria to cross-react with Brucella spp. are Yersinia enterocolitica and E. coli because
of their similar cell envelopes (Corbel, 1985; Kittelberger et al., 1998; Tryland et al.,
1999; Bonfini et al., 2018). Yersinia enterocolitica presents the most likely source for
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confusion for serological diagnosis (Corbel et al., 1985). Other Brucella species can also
cross-react to read as a positive result. Brucella canis is only separated from B suis 3 and
4 strains by one or two base pairs (Whatmore et al., 2007; Groussaund et al., 2007). This
is an extreme example of genetic likeness that may lead to high cross-reactivity in tests
for Brucella. It is not known if B. abortus cross-reacts heavily with marine Brucella, but
work by Whatmore et al., (2007) indicates that marine Brucella are a distinct cluster, with
B. suis biovar 5 being the closest match.
The route of Brucella exposure in the seropositive nattiit in our study is not
known. Transmission through close contact may be unlikely because nattiit are typically
solitary compared to harp seals, but can be seen basking on the ice several hundred
meters apart. The source of exposure could be terrestrial or marine, and reservoirs in fish
or lungworms are possible, and sexual transmission or contact with aborted foetuses or
placental tissue (Hernandez-Mora et al., 2013; Nymo et al., 2016; Sonne et al., 2018).
Nymo et al. (2016) challenged Atlantic cod (Gadus morhua) in Norway with Brucella
pinnipedialis, with no evidence of gross lesions or mortality, suggesting that Atlantic cod
could act as a reservoir for B. pinipedialis. Harbour seals have been known to harbour
lungworms that are infected with Brucella (Garner et al., 1997; Lambourn et al. 2013). In
fact, most B. pinnipedialis isolates have been recovered from lungs or lungworms.
Further examination of lungworms for the presence of Brucella in the positive seals in
our study would also be warranted, since it could also be a possible route of transmission
into people. There was one incident in this study where a hunter rejected a whole seal
(#211) based on the condition of the lungs, and later microscopic examination
demonstrated that the appearance of the lungs was due to lungworm infection. In this
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case, seal #211 was seronegative for Brucella abortus and B. canis. However, it would be
helpful to have serological result on B. pinnipedialis for this seal, and perform an ELISA
to get a more reliable result, knowing that the card test has some potential for false
negatives with marine Brucella species. Lungworms may be associated with Brucella
infections and we know that people are eating the lungs of younger seals both raw-frozen
and boiled. The lungworms and the Brucella bacteria would likely be killed in the boiled
lungs, but potentially infectious bacteria may persist in frozen raw lungs, and this would
be important to determine. This rejection of one seal due to the presence of (what was
later determined to be) lungworms could indicate that Inuit are already filtering out lungs
hosting lungworms, and potentially Brucella bacteria. However, it is not certain that all
lungs would physically appear different when they are infected with lungworms, or that
this is the main route of Brucella infections, as prevalence of lungworms in healthy seals
is unknown.
The potential impact of Brucella in nattiit is unknown. Reproductive success may
be negatively impacted, as Brucella spp. has been demonstrated in an aborted bottlenose
dolphin fetus (Ewalt et al., 1994). However, to date, there have been no isolates or
cultures from nattiit’ reproductive tracts and there has been no evidence of decreased
reproductive success. Placental health has been used as an indicator of brucellosis,
through presence of lesions (Duncan et al., 2014). Placental health was not fully
addressed in this study, since only two pregnant females were included (#206 and #208).
Both of these seals had been exposed to Leptospira, but were seronegative for Brucella.
While the current study presents novel information of Brucella exposure in nattiit, it also
raised new questions regarding the significance of this exposure, potential transmission

67

routes between seals and from seals to people, and possible association with lungworms
(Garner et al., 1997). Future phases of this study will address these issues, and attempt to
determine which Brucella species may be circulating in this population of nattiit.

5.2.2 Erysipelothrix rhusiopathiae
Erysipelothrix rhusiopathiae seroprevalence was 21% in the nattiit in Frobisher
Bay. Erysipelothrix may be an opportunistic pathogen to which seals are commonly
exposed, but which only causes disease when under conditions of stress that increase
susceptibility. Muskoxen on Banks and Victoria Islands have had die offs due to E.
rhusiopathiae. These muskox deaths occurred on different islands and were not linked
(Kutz et al., 2015; Forde et al., 2016). The disease has proven to be a significant threat to
muskoxen, and has caused considerable population declines.
There was a significant different in seroprevalence between sexes, with males
having a higher seroprevalence than females (61.5% and 13%, respectively). The
significance of this cannot be interpreted at this time since there are no historic data for E.
rhusiopathiae in marine mammals in the North. Possible explanations include differences
in behaviour between the sexes that could increase the likelihood of exposure of males to
Erysipelothrix. Alternatively, sample sizes may be insufficient, as we tested more females
(26 total) than males (21 total) for Erysipelothrix, but overall samples size was still
relatively small. Further investigations by sampling more seals, or comparing our
populations to other nattiq populations may provide enough information to confirm our
observed difference in seroprevalence.
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The test used in this study has been validated for some wild terrestrial animals,
such as muskoxen, but may not be fully validated yet for marine mammals. The ELISA
kits used for E. rhusiopathiae serology in this study were subjected to validation through
bootstrapping and careful comparisons only between nattiit (Garnier et al., 2017).
However, the sensitivity of the test for nattiit may be lower than that for muskoxen
serology. To date, there is no E. rhusiopathiae test specifically designed for pinnipeds;
however, molecular techniques, such as PCR, are available and have been successful in
muskoxen (Kutz et al., 2015; Forde et al., 2016). Most serological assays are developed
for domestic animals, and rely on antibodies to bind to free antigens or to antibodies of a
specific species (Garnier et al., 2017). Because of slight differences between antigens of
different bacterial strains and species-specific antibodies, and the possibility of antibodies
binding to non-target antigens, sensitivities and specificity of tests like ELISA may vary
with species and antigen used. Erysipelothrix rhusiopathiae has tropism for tonsils,
which may be a site for persistent infections in swine (Harada et al., 2013). If the same is
true in nattiit, the tonsils could be used for PCR to confirm a diagnosis of infection by
Erysipelothrix, and even to determine if there are any differences in terrestrial and marine
strains. Other wild pinnipeds have been shown to have high levels of E. rhusiopathiae
antibodies, with 46% of wild northern fur seals from Alaska, and 13% in wild Hawaiian
Monk seal pups (Suer et al., 1988). That study used an ELISA and also tested captive
pinnipeds, which had a higher seroprevalence: 55% in captive adult harbour seals, 85% in
captive adult northern fur seals, and 25% in adult northern elephant seals (Suer et al.
1988).
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The effects of a warming climate, and the fact that muskoxen have undergone a
historical bottleneck, leaving them with low genetic diversity, may predispose the
muskoxen to disease caused by E. rhusiopathiae (Kutz et al., 2015). Although climate
change has had big impacts for terrestrial animals, the effects on marine mammals cannot
be predicted at this stage. Some negative trends are being seen in Hudson Bay, including
decreased pup recruitment with decreased snowfall, and general decrease in nattiq density
over time (Ferguson et al., 2005; Young et al., 2015).

5.2.3 Leptospira interrogans
There were many positive serum samples for Leptospira interrogans, particularly
for serovars Icterohaemorrhagiae (91%) and Bratislava (61%). These high
seroprevalences may suggest that nattiit are a maintenance host for Leptospira,
particularly serovar Icterohaemorrhagiae, just as California sea lions are maintenance
hosts for serovar Pomona (Prager et al., 2013). However, this may also indicate a need for
additional tests to confirm the results of the microagglutination test (MAT). The MAT
has a number of limitations and differences in interpretation that could lead to
erroneously high seroprevalence of L. interrogans. Different laboratories use different
cut-off titers ranging from 1:100 to 1:800 for determination of exposure to Leptospira
(Ahmad et al., 2005). Some studies have used lower titer levels, even as low as 1:20
(Godinez et al., 1999) which may result in overestimation of the prevalence of infection
(Ahmad et al., 2005). In this study, we considered any seal with a titer of ≥1:100 as
having been exposed to Leptospira. Several studies have used this antibody titer level to
indicate exposure, including studies of California sea lions (Gulland et al., 1996). This cut
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off is also recommended by the testing laboratory for test interpretation in domestic
animal species. According to the US Centers for Disease Control and Prevention, human
cases with Leptospira antibody titer ≥1:800 by MAT are considered confirmed, and <
1:800 are considered suspected (CDC, 2013). According to WHO (2013) guidelines for
humans, titers of 1:100 indicate past exposure. If we had followed the CDC (2013)
guidelines for interpretation, we would have had 12 seals (27%) with titers ≥1:800, all of
them against serovar Icterohaemorrhagiae, with one of these seals additionally
seropositive to serovars Pomona and Bratislava.
Cross-reactions between serovars are very common when using tests such as the
MAT and could also account for the high number of positives, because we tested for six
serovars which could increase the likelihood of detecting seroconversion (Godinez et al.,
1999; Calle et al., 2002). Three walrus in the study by Calle et al. (2002) tested positive
for Grippotyphosa, but two were re-tested with a panel targeting 18 other Leptospira
serovars. This showed that both were also positive for Icterohaemorrhagiae, and one for
serovar Balum. Considering that there are more than 300 distinct leptospiral serovars, this
demonstrates that cross-reactions to the other many Leptospira serovars are possible
(OIE, 2018). Although we tested for six serovars, we did not test for the other serovars of
Leptospira interrogans, which could have resulted in more cross-reactions. Additionally,
‘paradoxical’ reactions can occur, where the highest titers are detected to a serogroup
unrelated to the infecting one (Levett, 2001). In marine mammals, different serovars
appear to predominate in different species. For example, Pomona is common in
California Sea Lions and northern fur seals (Gulland et al., 1996), and serovar
Grippotyphosa is more common in Pacific harbour seals (Calle et al., 2002). The results

71

in our study may suggest that, by comparison, serovar Icterohaemorrhagiae is the
predominant serovar among seals in Frobisher Bay. Serovar Icterohaemorrhagiae has
been known to survive for up to 130 days in fresh water at 4°C (Andre-Fontaine et al.,
2015). This same study also found that this serovar had the longest survival time in water
that contained high amounts of sodium chloride as compared to other sources of water,
conditions that can mimic estuaries with high fresh water flows.
The performance of MAT is good for serological surveys because of its high
sensitivity and ability to detect group-specific antibodies (Brandão et al., 1998; Budihal
and Perwez, 2014; WHO, 2013). In fact, the MAT is considered the gold standard for
Leptospira diagnosis because of its high specificity compared to other tests (WHO, 2013;
OIE, 2018). Although the MAT was developed for use in domestic animals, it has been
standard practice for use in California sea lions, particularly for serovar Pomona
(Colagross-Schouten et al., 2002). However, MAT has limitations in diagnosis of chronic
infections (Levett, 2001; OIE, 2018). As an example, approximately 2 weeks after
exposure, a human patient diagnosed with leptospirosis had a positive result on an IgM
ELISA and had MAT antibody titers of 1:400 for serovar Australis and 1:100 for serovar
Canicola. Approximately 11 weeks after exposure, the patient had persistently positive
Leptospira IgM titers but negative MAT titers for all serovars (kassim et al., 2018).
Additionally, hemolysis can negatively affect the performance of the MAT (Kik et al.,
2006). Kik et al. (2006) could not test two of 11 of their blood samples because they were
too hemolyzed. However, our study included serum samples with a hemolysis score of 4
and there was no evidence of a negative impact of hemolysis on test performance. For
example, serum sample #187 was negative for all serovars, but sample #192 had very
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high titers (1:1,600), which suggest that hemolysis may not interfere with the MAT.
Other tests used in tandem with MAT could allow for better accuracy or even
confirmation of Leptospira exposure. Although cultures would confirm diagnosis, they
are challenging (OIE, 2018). The PCR test is also a good diagnostic tool because of its
sensitivity and specificity and because it can utilize various samples such as blood and
urine (Budihal and Perwez, 2014).
Renal damage is typically associated both with acute and chronic leptospirosis
(Faine, 1982; Colagross-Schouten et al., 2002; Kik et al., 2006). Histological examination
of the kidneys from 12 seals with titers ≥1:800, including three with a titer of 1:1,600, did
not reveal any lesions associated with Leptospira infection. One of the seals (#192) had a
titer of 1:1,600 for serovar Icterohaemorrhagiae, and also had high titers for serovar
Pomona and Bratislava. This high titer (1:1,600) would suggest active disease in
domestic animals, but this seal had no gross or microscopic evidence of renal damage.
This seal may have just been exposed to Leptospira for the first time, and be experiencing
the early stages of Leptospira exposure, including high antibody levels. Considering this
was a YOY, it is very likely that it was experiencing first time exposure.
It is not known whether nattiit are maintenance hosts for Leptospira, in which
case they would exhibit few or no clinical signs while shedding infectious leptospires in
their urine for months to years (Faine, 1982). Typically, such chronically infected
maintenance hosts have a low serological response (WHO, 2013; Kik et al., 2006; Prager
et al., 2013). However, if they are infected with another serovar, they could develop
illness (WHO, 2013). A classic example of this can be seen with serovar
Icterohaemorrhagiae in rats (Faine, 1982). In our study, the lack of evidence of disease in
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seals with high Leptospira titers could support the possibility that nattiit are not highly
susceptible to Leptospirosis, despite being exposed and mounting an immune response.
The zoonotic potential of leptospirosis in Arctic marine mammals is not clear.
Studies in Nunavik have shown that there is 5.9% seroprevalence in Nunavik Inuit
(Messier et al., 2011). With the seroprevalence among Nunavik Inuit being considered
low, Messier et al., (2011) did not see any risks from Leptospira. There have been no
serological surveys conducted in Nunavut, and results from Nunavik cannot be applied to
Nunavut for many reasons including geographic differences, separate wildlife
populations, and especially latitude differences.

5.2.4 Toxoplasma gondii
Seroprevalence of Toxoplasma gondii (9.8%) in nattiit was comparable to that
reported in other serosurveys conducted across the Canadian Arctic. A serosurvey by
Simon et al. (2011) which looked at seals across Inuit Nunaat showed an overall
prevalence of 10.4%, and another in Alaska by Dubey et al., (2003) showed a
seroprevalence of 15.6%. Unlike these surveys, the seals in Frobisher Bay did not display
any significant relationships between seropositivity and age or sex. These studies
demonstrate that T. gondii in pinnipeds is not unusual in the Arctic. Other marine
mammals have also been reported to have T. gondii antibodies, such as Beluga whales
and walrus in Canada (Simon et al., 2011; Iqbal et al. 2018; Sharma et al., 2018b).
Many questions remain about the route through which marine mammals may be exposed
to Toxoplasma. There are two main pathways of Toxoplasma infection: ingestion of
oocysts through water or food, and ingestion of tissue with cysts. Both of these pathways
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are possible via migration of carrier species coming up north in their annual migrations or
through movement of oocysts in ocean current; however, it is difficult to determine
exactly which pathway infects nattiit. Since felids are not native to Nunavut, and
domestic cats occur in very low numbers (and would perish in the winter if they are
feral), they are very unlikely to be the main source of Toxoplasma in seals. However, cat
feces flushed down drainage basins from coastal runoff has been identified as a risk for
Toxoplasma infection for sea otters in British Columbia (Miller et al., 2002).
Although the Toxoplasma ELISA test used in this study has been used in
terrestrial wildlife successfully, its reliability in marine mammals is still unclear. Using
another test in addition to the ELISA would be beneficial to confirm the exposure to, or
active infection by, Toxoplasma. The direct agglutination test, which is one of the most
evaluated and specific tests for diagnosis of toxoplasmosis in pigs, has also been used in
several studies of marine mammals (Dubey et al., 2003; Gajadhar et al., 2004; Jensen et
al., 2010; Simon et al., 2011). This test would also provide titer levels, as the MAT does,
instead of only a positive or negative result. However, the aim of this thesis was to
determine presence or absence of Toxoplasma gondii, and if needed, suggest further work
based on our results.
Almost two thirds of Inuit in Nunavik are seropositive for T. gondii, but
prevalence appears to be greater in more southern regions; for example, Hudson Bay
Inuit had a higher seroprevalence than Ungava Bay Inuit (Messier et al., 2009). It is not
clear what this means for Nunavut, or Iqaluit. Again, although the seroprevalence in seals
is relatively low compared to that among Inuit in Nunavik, we cannot compare this
situation to that of Inuit in Nunavut.
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5.2.5 Trichinella
Most Trichinella cases in the Arctic occur in polar bears and walrus. Prevalence
in walrus is inexplicably high considering that they primarily feed on molluscs; however,
they are opportunistic feeders and can scavenge on carcasses left on ice or in the ocean.
There are many Inuit in Nunavut who have seen walrus eat seals, partake in cannibalism,
and scavenge dead polar bears. Since polar bears also have a high prevalence of
Trichinella, and rarely have been seen to eat walrus, an investigation of their food item,
nattiit, as a possible source of Trichinella was a logical approach. Although nattiit have
been known to have some rare incidence of Trichinella in their muscle, this has only been
reported in the Baltic Sea (Tryland et al., 2014). It seems that Trichinella infection in seal
meat is a minor problem across Inuit Nunaat and the high sensitivity of the digestion
assay ( < 3 larvae per gram of tissue) is also reassuring for food safety (Forbes et al.,
2008; Seymour et al., 2014).
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6.0 General Conclusion
This project had the primary goal of examining nattiq health through quantitative
methods, to assess heavy metal content and exposure to important pathogens, and through
qualitative methods, by conducting IQ interviews with local hunters. The last two aspects
of the project were examined thoroughly in this thesis, while heavy metals were briefly
addressed and will be more fully evaluated in further work. The serological survey
focussing on the four pathogens, Brucella spp., Erysipelothrix rhusiopathiae, Leptospira
interrogans, and Toxoplasma gondii, was completed. The digestion assay for Trichinella
was also completed, and indicated no presence of the parasite in nattiit of Frobisher Bay.
The serological results could indicate: 1) high seroprevalence of Leptospira interrogans
serovar Icterohaemorrhagiae (91%) may indicate that nattiit are a maintenance host for
this pathogen, and 2) seroprevalence of Brucella (20.5%), E. rhusiopathiae (21%), and
Toxoplasma (9.8%) have proven to be worth monitoring over the coming years, as people
continue to harvest seals for sustenance and as the climate changes and new marine
species move further north. In future phases of this project, the serological work will be
complemented by additional diagnostic approaches, such as PCR and ELISA, which will
further clarify current and past infection status of seropositive nattiit. In particular it could
be valuable to test specifically for marine strains of Brucella, namely, B. pinnipedialis,
which has not been associated with illness in other seals, but merits investigation since
the tests used in this study may potentially miss the marine strains. Determining the
extent of cross reactions between B. abortus and B. pinnipedialis on the Card test would
be pertinent. Finally, ongoing monitoring through future serological surveys could aid in
identifying any potential risks or changes in seal health as they occur.
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Conducting the IQ interviews proved to be extremely valuable in many ways,
chief among them being that the community members were involved and aware of the
research project while the research was happening. It also gave community members,
through experienced hunters, a real, sincere space to voice their concerns and discuss the
research they wanted to see done. We saw this through the redirection of research interest
from nattiit to the harp seals, which are increasing in number every year. The interviews
also provided the link that is often missing from other research conducted on animals that
are harvested for country food. Because the methods for processing food, which parts are
consumed, and how the seal is consumed, were recorded specifically for nattiit in Iqaluit,
we can adjust future nattiq surveys to target potential areas of disease transmission from
seal to people, and educate people on identifying signs of illness that may be helpful in
identifying subtle or new manifestations of disease.
As Inuit continue to harvest nattiit for sustenance of self, culture and community,
this study did not identify any major health risks in harvested nattiit. The results of this
study cannot be generalized to the whole nattiit population of Frobisher Bay, as Inuit are
selective in their harvests. Additionally, confirmation of the four pathogens through PCR
or cultures would verify presence and identify pathogens present, further informing risks.
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Appendix A. Concentrations of four heavy metals in liver and muscle of nattiit collected in Frobisher Bay (2017-2018) by
age. Sexes combined. Values below MDL1 were ascribed half of the corresponding MDL. All arsenic value were below
MDL. All values are in parts per million (µg/g, wet weight).
Cadmium

Lead

Total mercury

Muscle

Liver

Muscle

Liver

Muscle

Liver

Number of seals below
MDL

5

0

10

10

0

0

Number of seals above
MDL (range)

6
(0.078-0.2)

11
(2-19)

1
(0.11)

1
(0.031)

Average

0.098

10.78

0.24

10.58

Stdev

0.077

5.62

0.095

17.15

number of seals below
MDL

9

0

0

0

number of seals above
MDL (range)

1
(0.16)

10
(0.19-20)

10
(0.1-0.29)

10
(0.67-12)

Adult (11)

11
11
(0.097-0.39) (0.42-60)

Juvenile (10)
8

7

2
3
(0.025-0.53) (0.011-0.68)

Average

7.43

0.0595

0.086

0.173

2.49

Stdev

6.1

0.165

0.213

0.064

3.388
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Appendix A continued
Young of the year
number of seals tested

30

29

30

29

30

29

number of seals below
MDL

29

0

21

25

0

0

number of seals above
MDL (range)

1
(0.057)

29
(0.49-8.4)

9
(0.014-3.2)

Average

2.78

0.169

0.012

0.11

0.91

Stdev

2.25

0.608

0.024

0.03

0.734

1

4
30
(0.015-0.12) (0.077-0.18)

MDL, Method Detection Limit (arsenic, 0.1 ppm; cadmium, 0.05 ppm; lead, 0.01 ppm; mercury, 0.01 ppm)
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29
(0.4-3.1)

Appendix B. Questions
IQ Questions
Ringed Seal Health
Name: ________________________ Years hunting seal _______________
Date: ________________________

Age ________________________

Status: ________________________ Sex ___________________________
1. Where do you hunt Nattiit? (Show on map seasonal pattern)
__________________________________________________________________
__________________________________________________________________
2. Do you hunt Nattiit all year around?
__________________________________________________________________
__________________________________________________________________
3. Do you have a preference for seal age? (young vs old)
__________________________________________________________________
__________________________________________________________________
4.

Have you noticed a change in Ringed Seal abundance? (Graph it)
__________________________________________________________________
__________________________________________________________________

5. Have you noticed any illnesses in the Nattiit? Have you found any dead seals?
__________________________________________________________________
__________________________________________________________________
6. Have you noticed a change in sick seals than over the years?
__________________________________________________________________
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__________________________________________________________________
__________________________________________________________________
7. How do you eat your seal? What parts do you eat raw?
__________________________________________________________________
__________________________________________________________________

8. What parts of the seal do you eat?
__________________________________________________________________
__________________________________________________________________
9. How do you prepare/store your seal meat?
__________________________________________________________________
__________________________________________________________________
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Appendix C. Summary of information available on nattiit sampled in this study.
Sample

Age

Sex

Hemolysis

ID

Serology

Trichinella

Brucella

Erysipelothrix

Leptospirosis

Toxoplasma

58

Juvenile

Female

-1

-

-

-

Yes

60

Juvenile

Male

-

-

-

-

Yes

61

Adult

Male

4

-

Yes

-

Yes

Yes

62

Adult

Male

0

Yes

Yes

Yes

Yes

Yes

63

YOY2

Female

4

-

Yes

-

Yes

Yes

66

Juvenile

Male

1

Yes

Yes

Yes

Yes

Yes

67

Juvenile

Female

0

Yes

Yes

Yes

Yes

Yes

68

Juvenile

-

3

-

Yes

-

-

Yes

69

Juvenile

Male

2

Yes

Yes

Yes

Yes

Yes

70

Juvenile

Female

4

-

Yes

-

Yes

Yes

71

Adult

Female

2

Yes

Yes

Yes

Yes

Yes

72

Adult

Female

3

-

Yes

-

Yes

Yes

73

Adult

Female

4

-

Yes

-

Yes

Yes

133

Adult

Female

0

Yes

Yes

Yes

Yes

Yes

134

YOY

Female

0

Yes

Yes

Yes

Yes

Yes

135

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

136

YOY

Male

2

Yes

Yes

Yes

Yes

Yes

137

Adult

Female

1

Yes

Yes

Yes

Yes

Yes
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Appendix C. Continued
138

YOY

Male

1

Yes

Yes

Yes

Yes

Yes

139

Adult

Female

4

-

Yes

-

Yes

Yes

140

YOY

Female

3

Yes

Yes

Yes

Yes

Yes

141

YOY

Female

0

Yes

Yes

Yes

Yes

Yes

142

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

143

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

144

YOY

Female

0

Yes

Yes

Yes

Yes

Yes

145

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

187

YOY

Female

4

Yes

Yes

Yes

Yes

Yes

188

YOY

Male

1

Yes

Yes

Yes

Yes

Yes

189

Juvenile

Male

0

Yes

Yes

Yes

Yes

Yes

190

YOY

Male

2

Yes

Yes

Yes

Yes

Yes

191

YOY

Female

0

Yes

Yes

Yes

Yes

Yes

192

YOY

Female

4

Yes

Yes

Yes

Yes

Yes

193

YOY

Male

1

Yes

Yes

Yes

Yes

Yes

194

Juvenile

Male

0

Yes

Yes

Yes

Yes

Yes

195

Juvenile

Female

0

Yes

Yes

Yes

Yes

Yes

196

YOY

Female

1

Yes

Yes

Yes

Yes

Yes

197

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

198

YOY

-

0

Yes

Yes

Yes

Yes

Yes

199

YOY

Female

0

Yes

Yes

Yes

Yes

Yes
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Appendix C. Continued
200

Juvenile

Female

1

Yes

Yes

Yes

Yes

Yes

201

YOY

Female

0

Yes

Yes

Yes

Yes

Yes

202

YOY

Female

0

Yes

Yes

Yes

Yes

Yes

203

YOY

Female

3

Yes

Yes

Yes

Yes

Yes

204

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

205

YOY

Male

0

Yes

Yes

Yes

Yes

Yes

206

Adult

Female

0

Yes

Yes

Yes

Yes

Yes

207

Adult

Male

2

Yes

Yes

Yes

Yes

Yes

208

Adult

Female

0

Yes

Yes

Yes

Yes

Yes

209

Juvenile

Male

3

Yes

Yes

Yes

Yes

Yes

YOY

-

2

Yes

Yes

Yes

Yes

Yes

YOY

-

0

Yes

Yes

Yes

Yes

Yes

212

Juvenile

Female

2-4

Yes

Yes

Yes

Yes

Yes

213

YOY

Male

-

-

-

-

-

Yes

214

YOY

Male

3

-

Yes

-

-

Yes

215

-

-

2

Yes

Yes

Yes

Yes

-

210/2
11A
210/2
11B

1

‘-‘: indicates no sample taken or available

2

YOY: Young-of-the-year
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