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Abstract

Background: Due to their close relationship with the environment, Alaskans are at risk for
zoonotic pathogen infection. One way to assess a population’s disease burden is to determine
the seroprevalence of pathogens of interest. The objective of this study was to determine the
seroprevalence of 11 zoonotic pathogens in people living in Alaska.

Methods: In a 2007 avian influenza exposure study, we recruited persons with varying wild
bird exposures. Using sera from this study, we tested for antibodies to Cryptosporidium spp.,
Echinococcus spp., Giardia intestinalis, Toxoplasma gondii, Trichinella spp., Brucella spp.,
Coxiella burnetii, Francisella tularensis, California serogroup bunyaviruses, and hepatitis E virus
(HEV).

Results: Eight hundred eighty-seven persons had sera tested, including 454 subsistence bird
hunters and family members, 160 sport bird hunters, 77 avian wildlife biologists, and 196 persons
with no wild bird exposure. A subset (/7=481) of sera was tested for California serogroup
bunyaviruses. We detected antibodies to 10/11 pathogens. Seropositivity to Cryptosporidium
spp. (29%), California serotype bunyaviruses (27%), and G. intestinalis (19%) was the most
common; 63% (301/481) of sera had antibodies to at least one pathogen. Using a multivariable
logistic regression model, Cryptosporidium spp. seropositivity was higher in females (35.7% vs.
25.0%; p=0.01) and G. /ntestinalis seropositivity was higher in males (21.8% vs. 15.5%; £=0.02).
Alaska Native persons were more likely than non-Native persons to be seropositive to C. burnetii
(11.7% vs. 3.8%; p=0.005) and less likely to be seropositive to HEV (0.4% vs. 4.1%; p=0.01).
Seropositivity to Cryptosporidium spp., C. burnetii, HEV, and Echinococcus granulosus was
associated with increasing age (p < 0.01 for all) as was seropositivity to =1 pathogen (p<0.0001).

Conclusion: Seropositivity to zoonotic pathogens is common among Alaskans with the highest
to Cryptosporidium spp., California serogroup bunyaviruses, and G. /ntestinalis. This study
provides a baseline for use in assessing seroprevalence changes over time.

Keywords
seroprevalence; antibodies; Alaska

Introduction

Zoonotic diseases are those that can be transmitted from animals to humans or from humans
to animals. Worldwide, the majority of pathogens that cause human disease are zoonotic,
and zoonotic species are twice as likely to be associated with emerging diseases compared
with nonzoonotic species (Taylor et al. 2001, Woolhouse and Gowtage-Sequeria 2005).
Between 1940 and 2004, 60.3% of emerging infectious disease events worldwide were
caused by zoonotic pathogens (Jones et al. 2008).

People who live and work in Alaska are at risk for infection with zoonotic pathogens. Alaska
Native people (the indigenous peoples of Alaska) have a close relationship with the land
and depend upon its resources for food and cultural identity (Hess et al. 2008, Parkinson
and Berner 2009, Hotez 2010, State of Alaska Section of Epidemiology 2018). Alaskan
hunters and trappers, in particular, are at risk as surveys have shown that zoonotic pathogens
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are present in the environment and in wildlife populations found in Alaska, some of which
are taken for sport or subsistence food (Huntley et al. 1963, Walters et al. 1999, Hansen et
al. 2011, Jenkins et al. 2013, Minor et al. 2013, Weger et al. 2017). Those working in the
Alaskan wilderness may have prolonged exposure to the environment and to wildlife, which
increases the likelihood of a zoonotic infection (Pike et al. 2010). Farmers, such as those
involved in a 2008 outbreak of Campylobacter, are also at risk (Kwan et al. 2014).

Despite evidence of human zoonotic disease in Alaska, the interactions between hosts,
vectors, pathogens, and the environment in Alaska are poorly understood (Hueffer et

al. 2011). Environmental and land use changes are occurring in Alaska and affecting

its wildlife populations (Parkinson and Butler 2005, Bruce et al. 2016, State of Alaska
Section of Epidemiology 2018). This could result in increases in illness or shifts in the
geographical range of zoonotic pathogens as has been documented for an outbreak of
gastroenteritis in Alaska caused by consumption of raw farmed oysters containing Vibrio
parahaemolyticus (McLaughlin et al. 2005). This bacterium is a well-recognized threat in
warmer coastal waters of North America, but was previously unreported in Alaska. Surface
water temperature above the implicated shellfish beds had warmed enough to support growth
of V. parahaemolyticus and allowed the pathogen to extend its range 1000 km north.

Although some zoonotic diseases are reportable to public health authorities, many of

these illnesses are rare and likely underreported. This makes detecting changes in disease
prevalence difficult and is even harder in Alaska, which has a small widely dispersed
population and relatively limited access to laboratory diagnostic services. Therefore,
statewide, notifiable disease data likely underestimate the disease burden of zoonoses. As
an alternative, studies of antibodies to zoonotic pathogens can be used as a surrogate

of exposure among human populations and provide another view of the risk in those
populations. Such seroprevalence studies, if repeated at intervals, can help us understand
changes in risk and allow correlation with changes in animal and vector populations or
environmental conditions. The objective of this study was to determine the seroprevalence of
11 zoonatic pathogens in Alaska Native and non-Native people living and working in rural
and urban Alaskan communities.

Materials and Methods

Study participants

This study is a secondary analysis of sera collected for an investigation of exposure to highly
pathogenic avian influenza virus H5N1 as described by Reed et al. (2014). During 2007-
2008, we enrolled a convenience sample of persons with wild bird contact: Alaska Native
bird hunters and their family members, sport bird hunters, and avian wildlife biologists, as
well as persons with no reported wild bird contact. Alaska Native family members were
defined as anyone living in the same house as a bird hunter at the time of recruitment
regardless of their relationship to the hunter. Enrolled hunters had to have hunted for wild
birds at least once in the past 2 years; avian wildlife biologists had to have participated in
field activity related to wild birds at least once in the past 5 years. Study participants were >
5 years old and resided in 1 of 15 communities throughout Alaska representing both coastal
and inland areas and containing a variety of flora and fauna (Fig. 1).
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At recruitment, we asked participants questions about risk factors that could be related

to avian influenza exposure. Most of these questions were not applicable to the zoonotic
diseases we are reporting on here; however, we did retain data regarding cat ownership
and how it relates to 7oxoplasma gondii. Participants = 18 years of age provided written
informed consent that included broad consent for specimen use. Participants <18 years old
provided written informed assent in addition to their parent or legal guardian’s written
consent. During the consent process, participants were informed that they would not
receive individual study results. Aggregate results were disseminated through the Yukon-
Kuskokwim Health Corporation and yearly Alaska Native Health Research Conferences.
The study was approved by the Institutional Review Boards of the Centers for Disease
Control and Prevention and the Alaska Area Indian Health Service, as well as all appropriate
regional Alaska Native Health Boards.

Serological assays

From each participant we collected a blood specimen in a standard serum separator tube.
Tubes were centrifuged and refrigerated in the field and then transported using cold packs to
the Centers for Disease Control and Prevention’s (CDC’s) Arctic Investigations Program in
Anchorage where the serum was frozen at —30°C until shipped for testing.

Serum samples were tested for antibodies to Cryptosporidium spp., Echinococcus
granulosus, Echinococcus multilocularis, Giardia intestinalis, T. gondii, Trichinella spp.,
Brucella spp., Coxiella burnetii, Francisella tularensis, California serogroup bunyaviruses,
and hepatitis E virus (HEV) (Table 1). Cutoff values indicating seropositivity for each assay
were previously determined.

Briefly, cutoffs for 7. gondii (>10 1U), Trichinellaspp. (>43.15, Scimedx and >11 U, Gold
Standard Diagnostics), and HEV (negative control +0.2) followed the kit’s manufacturer
guidelines that were determined by testing positive, negative, and potentially cross-reactive
sera. Those for £. granulosus (>373.35 median fluorescence intensity [MFI]) and £.
multilocularis (>8.5 U/pL) were determined using receiver operator characteristic (ROC)
curves that gave the best assay performance using positive, negative, and potentially cross-
reactive sera (Ito et al. 2002, Zhang et al. 2012). The C. burnetii immunofluorescence
assay cutoff titer (= 1:64) was determined by testing sera from vaccinated individuals and
unvaccinated blood donors at low risk for exposure (Kersh et al. 2013). Cutoff values for C.
parvum Cpl7 and Cp23 antigens were determined using sera previously characterized with
the large format Western blot IgG assay (Priest et al. 2001, 2010) and for G. intestinalis
VSP3 and VSP5 antigens using sera from U.S. citizens with no history of foreign travel
(Moss et al. 2014); values in MFI minus background units were 933, 1870, 262, and 206,
respectively (Mosites et al. 2018). The titer for ~ fularensis (= 1:128) follows the World
Health Organization guidelines on Tularemia (World Health Organization 2007), and the
one for Brucellaspp. (= 160) is standard for nonendemic regions (Brown et al. 1981).

For California serogroup bunyaviruses, the cutoff of = 1/20 has previously been used in
diagnostic and research studies and been shown to be a consistent benchmark for identifying
current or past exposure to these agents (Blitvich et al. 2012, Rocheleau et al. 2017).
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Due to inconsistencies in serum volumes, some samples were not tested for all pathogens. In
addition, due to funding constraints, only a subset of available sera was tested for antibodies
to California serogroup bunyaviruses. As we have no reason to believe that our wild bird
exposure study groups are related to risk of exposure to bunyaviruses, we used geographic
location as the basis for this sampling scheme; the sample subset was chosen to have a wide
geographic coverage and included persons living in both coastal and inland communities.

Data analysis

Results

Because the demographics (age and gender) varied to a large degree by study group,
residence (rural/urban), and race (Alaska Native persons vs. all others), all prevalence
estimates were adjusted by age and gender before presentation. For the same reason, p value
presentation is restricted to results from multivariate analysis. Variables in the multivariate
models were age (as a continuous variable), gender, residence, race, and study group. For
the logistic regression model, study groups were combined into a bird exposure group
(sport bird hunters, subsistence bird hunters, subsistence family members, and avian wildlife
biologists) and a no exposure group (no wild bird exposure). A separate logistic regression
model was run for each pathogen with >1 positive result. p Values are two sided and are
exact when sample size necessitated. All analyses were run using SAS version 9.4 (Cary,
NC).

Study population

Of the 916 people enrolled in the H5N1 avian influenza exposure study, 887 (97%) had

sera available for zoonotic disease pathogen seroprevalence testing (Table 2). Ages of people
tested for seroprevalence to zoonotic pathogens ranged from 5 to 85 years; 504 (57%) were
male; 523 (59%) were Alaska Native.

There were 233 subsistence bird hunters and 221 subsistence family members. The majority
(91%) of subsistence bird hunters were male, while the majority (85%) of their family
members were female. All subsistence bird hunters and their family members were Alaska
Native and lived in rural communities. We also tested sera from 160 sport bird hunters,

77 avian wildlife biologists, and 196 people with no wild bird exposure. The majority of
people in these three groups were non-Native (= 69% for all three) and lived in an urban
community (= 76% for all three). Avian wildlife biologists and sport bird hunters were
predominantly male (68% and 93%, respectively), and persons with no wild bird exposure
were predominantly female (71%). Participant ages differed between the study groups with
53% of subsistence bird hunters and their family members under the age of 25 years and
only 4%, 12%, and 30%, respectively, of avian wildlife biologists, sport bird hunters, and
persons with no wild bird contact younger than 25.

Adult subsistence bird hunters had spent an average of 21 years hunting wild birds, with an
average of 24 days each year in the 2 years before study enrollment. Adult sport bird hunters
had spent an average of 30 years hunting wild birds, with an average of 18 days each year

in the 2 years before study enrollment. Avian wildlife biologists had spent an average of
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16 years doing fieldwork, with an average of 47 days each year in the 2 years before study
enroliment.

We tested for antibodies to California serogroup bunyaviruses in 481/887 (54%) people
from seven Alaskan communities (Fig. 1). Of these 481 people, 249 (52%) were male, 330
(69%) were Alaska Native, and 341 (71%) resided in a rural community. Compared with
persons whose sample was not tested for antibodies to California serogroup bunyaviruses,
the subgroup tested for antibodies to the viruses was more likely to be Alaska Native (69%
vs. 48%; p< 0.0001), female (48% vs. 37%; p = 0.0002), and live in a rural community
(71% vs. 45%; p < 0.0001). In addition, there is more representation in the subgroup by
persons <15 years old and by subsistence family members and less representation by sport
bird hunters and persons with no wild bird exposure.

Seroprevalence

We detected antibodies to 10 of the 11 pathogens investigated (Fig. 2); no specimen

was positive for antibodies to ~ tularensis (0/887). Of those with antibodies detected,
seropositivity ranged from 0.1% (1/887) for both Brucellaspp. and E. multilocularis to 29%
(256/887) for Cryptosporidium spp. Among the 481 persons who had a specimen tested for
antibodies to all 11 pathogens, 301 (63%) had antibodies to at least one pathogen.

A separate multivariable model was run for each of the eight pathogens with adequate
sample sizes (Table 3). Females were more likely than males to be seropositive to
Cryptosporidium spp. (35.7% vs. 25.0%; o= 0.01), while males were more likely than
females to be seropositive to G. /ntestinalis (21.8% vs. 15.5%; p= 0.02). Compared to
non-Native persons, Alaska Native persons had a seroprevalence that was threefold higher
to C. burnetii (3.8% vs. 11.7%; p=0.005), and they were significantly less likely to be
seropositive to HEV (4.1% vs. 0.4%; p = 0.01). Seropositivity to Cryptosporidium spp.,

C. burnetii, HEV, and E. granulosus was associated with increasing age (p < 0.01 for all);
seropositivity to = 1 pathogen was also associated with increasing age (p < 0.0001). Rural
residents were more likely than urban residents to be seropositive to Cryptosporidium spp.
(36.2% vs. 21.3%; p=0.01) and less likely to be seropositive to 7richinella spp. (3.3%

vs. 7.7%; p=0.04). Reporting exposure to wild birds was associated with seropositivity

to California serotype bunyaviruses and G. intestinalis (p < 0.01 for both). Finally, cat
ownership was related to seropositivity to 7. gondii with 7% (7/104) of cat owners exhibiting
seropositivity compared with 2% (18/778) among those not owning cats (p = 0.04).
However, when we control for residence, cat ownership was no longer significant (p = 0.29)
because most of the cat ownership occurred in the urban areas where 7. gondii seropositivity
was also higher.

Discussion

This report provides new information on seroprevalence among Alaskans to a group of
zoonotic pathogens that have potential for emergence. Previous seroprevalence reports from
Alaska exist for some of these pathogens but they are decades old and are focused on

single pathogens (Table 4). This study included five groups of Alaskans who may be at
increased risk for exposure to wildlife infected with or carrying zoonotic pathogens. Among
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participants with serum tested for all 11 pathogens, nearly two-thirds were seropositive

to at least one pathogen. Seropositivity to Cryptosporidium spp., California serogroup
bunyaviruses, and G. intestinalis was the most common. Seropositivity to at least one
pathogen increased with increasing age with 85% of people 50 or older seropositive. We
observed a greater proportion of people seropositive to G. /ntestinalis among our bird
exposure groups, to California serogroup bunyaviruses among avian wildlife biologists, and
to C. burnetii among Alaska Native people. This suggests that exposure to these pathogens
may be related to time spent in close contact with wildlife and the environment.

Almost one-third of participants in our study had antibodies to Cryptosporidium spp. This is
slightly higher than the U.S. seroprevalence of 21.2% found from sera collected as part of
the 1999-2000 National Health and Nutrition Examination Survey (NHANES) (Becker et al.
2015). In our study, women were more likely than men to be antibody positive.

Transmission of Cryptosporidium oocysts occurs directly from person-to-person by means
of the fecal—oral route or indirectly through contaminated drinking or recreational water
(Jenkins et al. 2013). Direct transmission is often related to caring for children or elders
(Ryan et al. 2014). Because women are more often the primary caregivers for ill household
members, our data are suggestive of this transmission mechanism in our study.

Despite the high proportion of seropositivity found in this study, cryptosporidiosis among
Alaskans is uncommonly reported to health officials. For 2007-2008, only seven cases of
cryptosporidiosis were reported to the Alaska Department of Health and Social Services
(AK DHSS) with the 2008 Alaska incidence one-eighth of the U.S. average (0.4 vs. 3.5
cases/100,000 people) (Yoder et al. 2010a). The Alaska incidence rate was consistently
lower than the U.S. rate over a 12-year period, 1999-2010 (Jenkins et al. 2013).

There are a number of possible explanations for the discrepancy between the proportion

of seropositivity found in this study and the incidence rate for the same time period.
Antibodies to Cryptosporidium spp. are relatively long lasting and do not necessarily
represent current infection; thus, we would expect seropositivity to be higher. In addition,
current infection is identified by visualization of oocysts in stool, which can be difficult,
often requiring a special acid-fast test which a physician may not request or which may not
be available. This means that illness may be underdiagnosed and thus underreported. Finally,
asymptomatic infections are known to occur, especially in adults who have had multiple
previous exposures.

Despite reports describing outbreaks of cryptosporidiosis in Arctic regions outside of
Alaska, we can find no other reports of seroprevalence of the organism in humans living in
the Arctic. Additional studies from other Arctic countries would be of value for comparison.
For a more detailed review of our data on Cryptosporidium spp. and G. intestinalis, please
refer to a recent publication by Mosites et al. (2018) that was able to include data on access
to different water sources and their association with seropositivity.

In the contiguous United States, California serogroup bunyaviruses are considered
emerging threats, potentially causing meningitis or encephalitis (Walters et al. 1999). Their
transmission cycle to humans involves mosquitoes, which are abundant in Alaska in the
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summer months. In this study, 27% of participants were seropositive to Jamestown Canyon
(JC) and/or snowshoe hare (SSH) bunyaviruses. Seropositivity was nearly 18% in persons
<15 years old, so exposure to these viruses appears to be ongoing.

Four studies in Alaska conducted since 1967 (Table 4) report a range of JC and/or SSH
seroprevalence from 22% in a study of persons with potential occupational exposure to the
pathogens to 72% in a 1968-1969 study of Alaska Native people living in the east central
part of the state (Feltz et al. 1972, Zarnke et al. 1983, Stansfield et al. 1988, Walters et

al. 1999). In our study, avian wildlife biologists had the highest exposure at 54%. The
fieldwork conducted by Alaskan avian wildlife biologists consists of days to months spent
continuously in remote portions of Alaska, generally living in tent-type structures or small
cabins. In the study by Stansfield et al. (1988), where 22% of U.S. Geological Survey

and U.S. Forest Service employees showed exposure to JC and/or SSH, only 59.4% of
participants reported having done any field work; the amount of time spent in the field was
positively associated with seroprevalence. Avian wildlife biologists in our study had spent
an average of 47 days in the field in each of the 2 years before study enrollment; thus, their
mosquito exposure was likely higher compared with participants in the Stansfield et al. study
and is suggestive of extensive time outdoors being associated with exposure to these viruses.

G. intestinalis seropositivity was the third highest in our study with 19% of persons
having antibody. A previous statewide all ages study from 1969 to 1979 found a much
lower prevalence of 3% (Table 4) (Murphy 1981). However, that study used a stool ova
and parasite assay that detects active cyst shedding and is indicative of current infection.
Antibodies to G. intestinalis are relatively long lasting so will reflect both current and
historic exposure. In the current study, seropositivity was associated with male gender and
was higher in our bird exposure groups. Seropositivity was high in persons <15 years old
(36%) leading us to conclude that transmission continues.

Giardiasis is a commonly reported disease to the AK DHSS, and annual rates are normally
higher for Alaska compared with the rest of the United States. Alaska rates in 2006—2008
ranged from 11.6-16.5/100,000; this compares with the U.S. average of 7.4-7.6/100,000 for
those same years (Yoder et al. 2010b). Similar to our seroprevalence data, the percentage

of cases of giardiasis in the U.S. is higher for males (55.5-56.4% for 2006—-2008) than for
females (Yoder et al. 2010b).

The higher seropositivity in our bird exposure groups is suggestive that time spent in

the Alaskan wilderness may be a risk factor. A known risk factor for giardiasis is
consuming unfiltered or untreated water or failing to practice good hygiene behaviors when
participating in outdoor activities such as hunting, backpacking, or camping (Birkhead and
Vogt 1989, Welch 2000, Yoder et al. 2010b, Reses et al. 2018). Unfortunately, we did not
collect extensive data on wilderness water use or hygiene practices so cannot comment on
this as a risk factor in our study.

Seropositivity to C. burnetiiin this study was 8%. In a 2014 report, sera collected from
1980 to 2000 were tested for antibodies to C. burnetii (Table 4) (State of Alaska Section of
Epidemiology 2014). The sera were from Alaska Native persons <1 to 91 years old living
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on the Pribilof Islands. In that study, 12% of sera were antibody positive, and persons = 20
years old were nearly twice as likely to have a positive result compared with persons aged
<20 years (13% vs. 7%). In the current study, we also found a positive association with
increasing age as did Sampasa-Kanyinga et al. in their 2008 study conducted in a Canadian
Cree community (Sampasa-Kanyinga et al. 2012).

Seroprevalence in the current study was higher in Alaska Native persons compared with
non-Native persons. This may be due to their close relationship with the land and its
resources, which may put them in contact with animal hosts more frequently. Adult Alaska
Native subsistence bird hunters in this study had spent an average of 21 years hunting wild
birds. In addition, C. burnetii antibodies have been detected in wildlife such as northern
fur seal, Steller sea lion, caribou, and Dall’s sheep (Zarnke 1983, Minor et al. 2013),

all of which are taken for subsistence use. From sera collected during the 2003-2004
NHANES cycle, the overall U.S. adult C. burnetii seroprevalence was 3.1% and from the
2004 Nunavik Health Survey (NHS) of Nunavik Inuit in Northern Quebec, Canada, the
seroprevalence was <1% (Anderson et al. 2009, Messier et al. 2012). These are both lower
than what has been found in the two surveys from Alaska.

Q fever, the disease associated with C. burnetii infection, has been a reportable condition to
the AK DHSS since 2007, but through 2014 no locally-acquired case had been identified
(State of Alaska Section of Epidemiology 2011b, 2014). Q fever infections are often
asymptomatic or have nonspecific symptoms so diagnosis can be difficult (Anderson et al.
2013). Infection is likely underdiagnosed and underreported making seroprevalence studies
such as this one important to understanding the prevalence of exposure in Alaska.

In this study 7richinella spp. seropositivity was 5% which is higher than that reported

from the Canadian NHS (<1%) yet lower than the 19% reported from the 2007-2008
International Polar Year Inuit Health Survey for Adults (IPY IHSA) (Messier et al. 2012,
Goyette et al. 2014). Trichinellosis has been a notifiable disease to the AK DHSS since 1968
and is a current public health threat in Alaska. The Alaska incidence in 2008-2012 was
more than 40 times higher than the overall U.S. incidence (4.1 vs. 0.1 cases/1,000,000)
(Wilson et al. 2015). Historically, ~¥ of trichinellosis infections in the United States

were associated with 7. spiralis from undercooked pork; however, more recently a greater
proportion are associated with game meat that harbors 7. nativa or T6 (Wilson et al. 2015).
In Alaska, disease is often due to consumption of undercooked bear or walrus meat; a 2017
trichinellosis outbreak in Northwest Alaska was associated with eating walrus infected with
7. nativa (Springer et al. 2017).

Despite the high incidence, cases of trichinellosis in Alaska have been declining in recent
years. No cases were reported in 12 of the 20 years from 1991-2010, and 1992 was the

last year there were more than 10 cases (Jenkins et al. 2013). Our seroprevalence data seem
to support the incidence data. No one under the age of 15 had detectable antibodies to
Trichinella spp. Prevalence in the other age groups likely represents pre-1992 exposure when
incidence in Alaska was higher.
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Toxoplasmosis is not a reportable condition in Alaska; thus, seroprevalence studies such as
this one are important to understanding prevalence of infection with 7. gondii. A 1970-1971
T. gondii study conducted in 11 rural Alaska communities reported a seroprevalence of 31%
(Table 4), and in 14 Northern Canadian study sites, seroprevalence ranged from 3% to 65%,
with most of the sites (10/14) reporting a seroprevalence at or slightly higher (3-14%) than
the 3% we are reporting in this study (Peterson et al. 1974, Jenkins et al. 2013, Goyette et al.
2014).

Human infection with 7. gondii can occur from ingesting water or food contaminated with
oocysts from cat feces or by ingesting tissue cysts in undercooked contaminated meat. In
this study, as well as the earlier study conducted in Alaska, cat ownership was associated
with having antibodies to 7. gondii. However, in our study, only 12% of people reported
owning cats, so other transmission routes may be of more importance.

Although the earlier Alaska study used an IFA testing methodology instead of the 19G
enzyme-linked immunosorbent assay (ELISA) used in the current study, the performance
of the two tests is similar so the results are comparable (Pearce et al. 2013). Thus, it
seems that the seroprevalence of 7. gondii may be decreasing in Alaska. This is similar to
what has been reported from the United States as a whole. Using sera collected from three
NHANES surveys, age-adjusted seroprevalence in U.S.-born persons 12-49 years old has
steadily decreased from 14.1% in 1988-1994 to 9.0% in 1999-2004 and finally to 6.7% in
2009-2010 (Jones et al. 2014).

As far as we know, there are no reports of either HEV or Brucella spp. seroprevalence in
Alaska. In this study, overall seroprevalence to HEV was 3% and was very low in Alaska
Native persons (0.4%). Seroprevalence was also low (0.4%) among younger persons (<35
years), but increased to 8% in persons = 50 years. HEV antibody durability is largely
unknown, but if antibodies to HEV are long lasting, this is suggestive of reduced exposure
in recent years. In many parts of the world HEV is a pork-related zoonosis (Christou and
Kosmidou 2013); however, deer and caribou in Canada have also exhibited seropositivity
to the virus (Weger et al. 2017). As these animals are found in Alaska, it is possible that
the virus is also present in wildlife there. No studies have been done looking for HEV in
Alaskan wildlife; however, even if the virus is present in the state’s wildlife population, our
study suggests that the risk of zoonotic transmission is currently small.

Brucellosis is a reportable disease to the AK DHSS. Over the 23 years from 1958 to 1981,
there were 24 reported cases for an average of one case per year; however, only seven cases
were reported over the next 28 years (1982-2010) (State of Alaska Section of Epidemiology
2011a). Antibodies to Brucella spp. decline rapidly in the first year after treatment for the
pathogen. In one brucellosis outbreak investigation, sera were collected from 92 patients

at intervals ranging from biweekly to monthly for up to 18 months. In that study, at 1

year post-treatment, only 9% (8/92) of persons remained seropositive (Buchanan and Faber
1980). The one seropositive sample in our study had a titer of 160 with an 1gG titer of <20
indicating that most of the antibody was IgM. This is suggestive of cross-reactivity with
other bacteria or an infection from years earlier when disease was more prevalent. Data from
the Canadian NHS also show a low (<1%) Brucellaspp. seropositivity (Messier et al. 2012).
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Reports of disease from E. granulosus and E. multilocularis in Alaska date back to the 1940
s and in some years reached 10 cases per year (Jenkins et al. 2013). Humans in the Arctic
are exposed to Echinococcus spp. mainly through accidental ingestion of eggs in the feces of
wolves, foxes, and domesticated dogs. From 1990-2010, likely due to efforts to control the
disease in dogs, as well as the decreased use of dogs as a major means of transportation, AK
DHSS received no reports of £. multilocularis cases and only 12 reports of £. granulosus
cases (State of Alaska Section of Epidemiology 2003, Jenkins et al. 2013).

In this study, we found seroprevalence was 2% for £. granulosus, which is slightly lower
than the 6% and 8% found, respectively, in the Canadian IPY IHSA and NHS (Messier et
al. 2012, Goyette et al. 2014). Seroprevalence was highest in persons = 50 years old, which
likely reflects antibody persistence in persons who were exposed many years ago. Only

one serum was positive for E. multilocularisin our study. Because alveolar hydatid disease
from E. multilocularis can be life threatening, we sent that sera for confirmatory testing

by EgHF-ELISA, Em2-ELISA, Em18-ELISA, and two Western blots (Poretti et al. 1999,
Muller et al. 2007). That testing was negative leading us to conclude that the participant was
not currently infected and that follow-up was not necessary.

F. tularensis occurs throughout the Northern hemisphere, including the Arctic areas. Human
cases are rare and typically sporadic. From 1946 to 2010, 23 laboratory confirmed cases of
F. tularensis were reported to public health authorities in Alaska. Of these, 19 had known
exposure sources, with musk-rats or hares being the most common (74%), followed by dogs
(11%), cats (5%), beavers (5%), or bears (5%) (Hansen et al. 2011).

An extensive review of tularemia in Alaska from 1938 to 2010 describes three prevalence
surveys with results of 4% (29/810) to 18% (139/793) (Hansen et al. 2011); the Canadian
NHS reports a seroprevalence of 19% (Messier et al. 2012). The most recent Alaska
serosurvey, from 1968 to 1969, found a prevalence of 5% in Alaska Native people from
the southwest and east central parts of the state, when a titer of = 1:20 was utilized (Table 4)
(Miller 1974). In the same study, prevalence was only 0.5% using a cutoff of > 1:160. The
Canadian NHS also utilized the = 1:20 cutoff; however, data were not presented in such a
way that other cutoff points could be investigated. The 0% seropositivity rate in this study,
based on a titer > 1:128, is therefore perhaps not remarkable. Because of possible cross-
reactions at lower titers, the higher cutoff is typically considered diagnostically significant
(World Health Organization 2007).

Results from this study should be interpreted cautiously as there are several limitations
associated with these data. First, this was a cross-sectional seroprevalence study among
persons who, as far as we know, were not reporting symptoms of infection at the time

of recruitment. A positive antibody test on a single blood sample drawn for this study
does not mean that the individual is currently infected or ever had a symptomatic infection
with the pathogen. Serologic evidence of current infection is typically based on sequential
blood samples that show an increase in antibody concentration in an individual who had
compatible signs and symptoms of infection. We did not collect any illness history from
participants nor did we do medical chart reviews on persons testing positive for any of the
pathogens to determine if there was a history of infection or a compatible illness.
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Furthermore, assay cutoff values are determined to give the best overall test performance;
thus, the assays are not 100% sensitive and specific. There is the potential for false positive
or false negative results for these assays, and we did not collect specific individual exposure
histories. In addition, because the duration of detectable antibody is unknown for some

of these pathogens, we may have underestimated exposure risk in this study from loss of
antibody due to past exposure.

Another limitation of this study is that it was a convenience sample designed to investigate
avian influenza. The study groups were recruited to represent varying exposures to wild
birds in specific regions of Alaska, and the participants were asked questions related to the
handling of those birds. Thus, we did not ask questions about, or investigate factors that
may be associated with, exposure to the specific animals that carry the pathogens described
in this study. Despite this limitation, the study population likely represents persons with
exposure to Alaska wildlife in general and therefore may be considered representative of
persons living and working in the southwest, southcentral, and interior regions of Alaska.

In conclusion, over 60% of Alaskans in this study were seropositive to at least one of the 11
zoonotic pathogens investigated. This study sets a baseline for future human seroprevalence
studies in Alaska and highlights trends that could be explored further in studies designed
specifically for the pathogens of interest. Such studies could include data on specific
animal exposures, illness history, and a medical record review, if appropriate. In addition,
retrospective studies using stored human sera could provide information on changes in
zoonotic pathogen seropositivity over time and could be correlated with factors such as

the changing frequency of contact between animal hosts and humans, changes in land use,
human and animal migration, habitat change, and weather. Because changes in these factors
are occurring throughout the Arctic, we also propose comparative seroprevalence studies of
zoonotic pathogens be done across the circumpolar north using the same or similar methods
to give a more comprehensive picture of zoonosis risk.
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FIG. 1.
Map of Alaska with study groups identified; 2007-2008. @, Sport Hunters; A, Subsistence

Bird Hunters and Family Members; @, No Wild Bird Exposure; H, Wildlife Biologists;
@, Not Tested for California Serogroup Bunyaviruses; Other Features: @, Community
Location; ©, Community Study Groups; —, Rivers; *, Service Units.
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Unadjusted seropositivity to zoonotic pathogens; Alaska 2007-2008.
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