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Abstract

Samples (blood or tissue fluid) from 594 arctic foxes (Alopex lagopus), 390 Svalbard reindeer (Rangifer tarandus platyr-
hynchus), 361 sibling voles (Microtus rossiaemeridionalis), 17 walruses (Odobenus rosmarus), 149 barnacle geese (Branta
leucopsis), 58 kittiwakes (Rissa tridactyla), and 27 glaucous gulls (Larus hyperboreus) from Svalbard and nearby waters were
assayed for antibodies against Toxoplasma gondii using a direct agglutination test. The proportion of seropositive animals was 43%
in arctic foxes, 7% in barnacle geese, and 6% (1 of 17) in walruses. There were no seropositive Svalbard reindeer, sibling voles,
glaucous gulls, or kittiwakes. The prevalence in the arctic fox was relatively high compared to previous reports from canid
populations. There are no wild felids in Svalbard and domestic cats are prohibited, and the absence of antibodies against 7. gondii
among the herbivorous Svalbard reindeer and voles indicates that transmission of the parasite by oocysts is not likely to be an
important mechanism in the Svalbard ecosystem. Our results suggest that migratory birds, such as the barnacle goose, may be the
most important vectors bringing the parasite to Svalbard. In addition to transmission through infected prey and carrion, the age-
seroprevalence profile in the fox population suggests that their infection levels are enhanced by vertical transmission.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction Definitive hosts are the domestic cat (Felis catus) and
other felids, which harbour the sexual stages of the

Toxoplasma gondii is a coccidian protozoan of the parasite in the intestines and shed infective oocysts
phylum Apicomplexa that has a global distribution. with their faeces (Frenkel et al., 1970). A wide range

of mammals and birds can serve as intermediate
hosts, in which asexual reproduction and tissue cyst

* Corresponding author. Tel.: +47 77 66 54 00; fax: +47 77 6949 11. formation occur (Dubey and Beattie, 1988). Inter-
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or tissue cysts, or via vertical transmission (Dubey
and Beattie, 1988).

Svalbard is a high arctic archipelago (78-81°N, 10—
30°E) located midway between the Norwegian main-
land and the North Pole. No wild felids are present on
Svalbard, and domestic cats are prohibited. Never-
theless, some cats are found in the mining settlement
Barentsburg. The arctic fox (Alopex lagopus) is a top
predator, preying on birds and seal pups, and scaven-
ging on any food item available (Eide et al., 2005). This
also includes cannibalism (Prestrud, 1992). The polar
bear (Ursus maritimus) is the top of the marine food
chain. The Svalbard reindeer (Rangifer tarandus
platyrhynchus) is widespread, whereas the sibling vole
(Microtus rossiaemeridionalis) has a very restricted
distribution around the former mining station at
Grumant (78°11'N, 15°09'E) (Henttonen et al., 2001).
The glaucous gull (Larus hyperboreus) is an avian top
predator and scavenger, and is top of its food chain in
the Arctic. All bird species on Svalbard, except the
Svalbard rock ptarmigan (Lagopus muta hyperborea),
are migratory, leaving the islands in the autumn (Strgm,
2006).

Three arctic foxes found dead on Svalbard in 2000
had disseminated toxoplasmosis (Sgrensen et al., 2005),
suggesting a possible role for 7. gondii as a mortality
factor in this species. In the present study, we analysed a
large number of arctic fox samples from Svalbard for
antibodies against 7. gondii, and looked for evidence of
negative effects of 7. gondii infection on the physical
condition of the hosts. We also analysed samples from
several other species to evaluate the most likely
transmission routes of 7. gondii in this arctic ecosystem.
Even though felids are nearly non-existent in the
ecosystem, we evaluated the potential for oocyst
transmission using terrestrial herbivores, the sibling
vole and Svalbard reindeer, as indicators. We evaluated
the potential importance of migratory birds as a source
of infection by testing barnacle geese (Branta leucop-
sis), and tested walruses (Odobenus rosmarus), glau-
cous gulls, and kittiwakes (Rissa tridactyla) to obtain
information on the potential occurrence of 7. gondii in

the marine food chain. We also fitted simple models of
the transmission dynamics of 7. gondii to data from the
fox population to evaluate the potential importance of
vertical transmission.

2. Materials and methods
2.1. Animals and samples

The samples of blood (serum or plasma) and tissue
fluids included in this study were from arctic foxes
(n=1594), Svalbard reindeer (n =390), sibling voles
(n=1361), walruses (n=17), kittiwakes (n=158),
barnacle geese (n=149), and glaucous gulls
(n=27) from Svalbard. All live animals sampled
for this study were cared for in accordance with the
current regulations of the Norwegian Animal Welfare
Act, and with the permission of the Norwegian
Animal Research Authority and the Governor of
Svalbard.

2.2. Arctic fox

Foxes were caught by fur trappers using baited traps
between 1 November and 15 March 1996-1997
(n=11), 1997-1998 (n =103), 1998-1999 (n =107),
1999-2000 (n = 74), 2000-2001 (n =25), 2001-2002
(n=116), 2002-2003 (n=84), and 2003-2004
(n ="74). Following trapping, the carcasses were usually
stored outdoors under varying conditions, exposed to
freezing and thawing, which often resulted in poor
carcass quality. The zoonotic cestode Echinococcus
multilocularis is present within the Svalbard fox
population (Henttonen et al., 2001), and to kill the
eggs of this parasite, the carcasses were frozen at
—80 °C for a minimum of 7 days (Veit et al., 1995).
Later storage was at —20 °C until necropsy, when blood
and tissue fluids were collected from the heart
chambers, larger vessels, or thoracic cavity. After
centrifugation (1000 x g, 10 min), the supernatant was
collected and stored at —20 °C for later analysis, and all
samples, which were usually extensively haemolysed,

Table 1
Proportion (%) of Toxoplasma gondii seropositive arctic foxes (with 95% CI) by age group and geographic area
Age group (years) n Nordenskiold Land, East of Isfjorden, Kapp n Austfjordnes
Wijk, Farmhamna, Kongsfjorden, and Mushamna
<1 215 43 (36-49) 42 17 (8-31)
1 102 36 (28-46) 9 56 (27-81)
2 40 60 (44-74) 8 13 (1-47)
>3 66 67 (55-77) 9 56 (27-81)

n = sample size.
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were centrifuged again immediately before analysis to
remove interfering precipitates.

The ages of 491 foxes were determined by counting
the annuli in the cementum of a sectioned canine tooth
(Grue and Jensen, 1976). Mean age was 2.1 + 1.9 years,
and the oldest fox was a 13-year-old female. The foxes
were grouped by age as: <1-year old, 1-year old, 2 years
old, and >3 years old (Table 1). A fat index was
determined for 579 foxes by visual inspection of the
amount of body fat on the skinned carcasses, on a scale
from O (none) to 4 (extensive) (Prestrud and Nilssen,
1992).

7
5&%‘-/‘ lesund

Bja:jngaya

74°30') q}

Foxes with a known capture site (n=574) were
grouped according to trapping area (Fig. 1). The
groupings used were (1) Nordenskiold Land Peninsula,
(2) the east end of Isfjorden, (3) Kapp Wijk, (4)
Farmhamna, (5) Kongsfjorden, (6) Austfjordnes, and
(7) Mushamna.

2.3. Svalbard reindeer
The reindeer were captured on Nordenskiold Land in

April or May of 2000, 2003, 2004, and 2005. Of the 390
reindeer captured, 157 (40.3%) were recaptured in one or
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Fig. 1. Map showing sampling locations on Svalbard of arctic fox (1-7), barnacle goose (5), Svalbard reindeer (1), sibling vole (8), walrus (9),
kittiwake (5), and glaucous gull (8 and Bjgrngya): 1, Nordenskiold Land; 2, East of Isfjorden; 3, Kapp Wijk; 4, Farmhamna; 5, Kongsfjorden; 6,

Austfjordnes; 7, Mushamna; 8, Grumant; 9, East Coast.



K. W. Prestrud et al./Veterinary Parasitology 150 (2007) 6-12 9

more subsequent years, resulting in 612 samples in total.
The reindeer were grouped into age classes—calves,
yearlings, and adults; 62% of the animals were adults at
the time of their last capture. The reindeer were caught
using a net thrown from a snow scooter and were
manually restrained for sampling. Blood was drawn from
the jugular vein into evacuated heparinised tubes. Plasma
was collected after centrifugation and frozen. Each
animal was ear tagged at the time of the first capture.

2.4. Sibling vole

The voles were captured during summers and autumns
of 2002-2005 in the Grumant area (Fig. 1), the only vole
habitat on Svalbard. The area has a high density of arctic
foxes and several of the foxes trapped on Nordenskiold
Land Peninsula were trapped in Grumant and nearby sites
(Longyearbyen, Bjgrndalen and Colesdalen). The voles
were live captured in baited traps and bled from the tail tip
(Microvette CB 300 capillary tubes, Sarstedt, Niirn-
brecht, Germany), or killed in snap traps (blood was
drawn from the heart or thoracic cavity). Serum was
collected and stored at —20 °C.

2.5. Walrus

Seventeen adult male walruses were captured at
different locations on the east coast of Svalbard (Fig. 1)
in August 2002-2004. They were immobilized with
etorphine, which was reversed with diprenorphine after
sampling (Griffiths et al., 1993). Blood was drawn from
the extradural vertebral vein, and serum was stored at
—20 °C.

2.6. Bird species

Adult kittiwakes were caught on their nests in
Kongsfjorden (Fig. 1) in 2005, using a telescopic fishing
rod with a noose at the end. The glaucous gulls were
found dead during the period 2003—2005 on Bjgrngya
(Fig. 1; n = 25), the southernmost island of Svalbard, and
in the Grumant area (n = 2). Blood was collected from the
heart during necropsy, and the serum was stored frozen.
The barnacle geese were all adults, captured while flocks
of geese were ringed in the Ny—Alesund area (Fig. 1) in
Kongsfjorden in 2005. Blood from kittiwakes and geese
was drawn from the brachial vein.

2.7. Direct agglutination test (DAT)

Samples were assayed for antibodies to 7. gondii
at 1:40 dilutions, using the Toxo-Screen DA kit

(bioMerieux S.A., Marcy-I’Etoile, France) according
to the manufacturer’s instructions. Samples that became
agglutinated at this dilution were defined as seropositive
and were assayed further at dilutions of 1:160, 1:640,
and 1:1280.

2.8. Statistical analyses

The frequency of T. gondii-positive samples was
analysed using logistic regression. We also estimated
the age-specific infection rates of 7. gondii infections,
following the method outlined by Ades and Nokes
(1993), using the catalytic infection model:

q(ac) = exp [ - /O o A(a) da]

where g(a.) is the fraction of individuals of age a, that
are seronegative for 7. gondii and A(a) is the age-
specific force of T. gondii infection with constraint
A(a) > 0. This model assumes that: (1) individuals
can become infected only once and stay seropositive
thereafter for the rest of their lives; (2) the host popula-
tion size stays constant and there is no migration; (3)
host death due to infection is negligible; (4) the popula-
tion of individuals of age a. is homogeneous with
respect to susceptibility and exposure to infection;
and (5) the importance of maternally derived passive
immunity is negligible and therefore all animals are
born either infected by vertical transmission or suscep-
tible (Nokes, 1993). Score-test-based confidence limits
were calculated for simple proportions (Agresti and
Coull, 1998), whereas likelihood ratio-based confidence
limits were calculated for model parameters.

3. Results

The proportion of T. gondii seropositive arctic foxes
was 43%. Among the other species investigated, only
barnacle geese and one walrus were seropositive for 7.
gondii (Table 2). Titres were generally high in positive
samples; a goose, the positive walrus, and 58% of the
seropositive foxes had titres of >1:1280.

Among the foxes, the proportion of seropositive
individuals increased significantly with age, both when
analysed as a continuous variable (0-13 years;
P < 0.0001) and when categorical age groups were
used (P =0.0002). There was also evidence of an
additive wvariation in proportions of seropositive
individuals between sampling locations (P =0.01).
However, there were no significant differences in
prevalence between the sexes (P = 0.84), between years
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Table 2

The number of individuals tested (n), number of seropositive indivi-
duals (no. of positive), and percent seropositive animals, with 95% CI,
for each of the species investigated

Species n No. of Seropositive 95% CI
positive (%)

Arctic fox 594 257 43 3947
Barnacle goose 149 11 7 4.2-12.7
Svalbard reindeer 390 0 0 0-1
Sibling vole 361 0 0 0-1.1
Walrus 17 1 6 0.3-27
Kittiwake 58 0 0 0-6.2
Glaucous gull 27 0 0 0-12.5

of capture (P =0.18), or any interaction between these
predictor variables (P > 0.10). In addition, there was no
evidence for a relationship between the fat index of the
foxes and their T. gondii serological status (P = 0.65).

The spatial variation in the proportion of seropositive
foxes was mainly due to a lower proportion at
Austfjordnes compared to the other locations
(P=0.001, Table 1), with no significant variation
between the other locations (P = 0.27). The variation in
proportion of positive individuals with age was fairly
erratic at Austfjordnes, possibly due to small sample
sizes from this location (Table 1). At the other locations,
the first two age groups (<1- and 1-year-old foxes)
showed similar seroprevalences, with a tendency
towards a reduction from the first to the second year
of life, and then a marked increase in prevalence in 2-
and >3-year-old groups (Table 1).

When fitting the catalytic infection model to the data,
we excluded the data from Austfjordnes because it
showed a pattern very different from the other locations.
The estimates of force of infection (A) suggested high
rates of infection in the <1-year-old group (A =0.53;
95% CI: 0.44-0.62), no new infections in the 1-year-old
group (A =0.00; 95% CI: 0.00-0.13), and an inter-
mediate rate of infection in the 2- and >3-year-old
groups (A =0.18; 95% CI: 0.12-0.42). There was no
significant difference in force of infection between 2-
and >3-year-old groups (P =0.40). The force of
infection was significantly higher in <1-year-old group
than in >2-year-old groups (P < 0.0001).

4. Discussion

The proportion of foxes with antibodies against 7.
gondii among the 594 individuals assayed was 43%. In a
study on red foxes (Vulpes vulpes) from Hungary, the
proportion with antibodies against 7. gondii was 68%
(Jakubek et al., 2007), whereas in red foxes from other
European countries seropositive proportions of 20-38%

have been demonstrated (Kapperud, 1978; Jakubek
et al., 2001; Hamilton et al., 2005; Wanha et al., 2005).
The occurrence of T. gondii in arctic foxes from
Svalbard is thus very high, and there is reason to believe
that the true seroprevalence may have been under-
estimated as a result of the poor quality of many
samples. Degraded sample material is shown to be
valuable for use in serological assays, but may lead to
under-estimation of true prevalences (Tryland et al.,
2006). Tissue fluid is reported to be a good alternative to
blood samples for serological assays (Gamble and
Patrascu, 1996; Tryland et al., 2006).

Svalbard reindeer are the main mammalian herbi-
vore on the islands, and could be expected to pick up
oocysts from the ground if they were present. Previous
reports have suggested oocysts as a likely source of
transmission of 7. gondii to semi-domesticated reindeer
(Rangifer tarandus tarandus) in Fennoscandia (Oksa-
nen et al., 1997) and barren-ground caribou (Rangifer
tarandus groenlandicus) in Canada (Kutz et al., 2001).
The finding of no seropositive reindeer or sibling voles
indicates that infection by oocysts is not an important
mode of transmission on Svalbard.

The finding of 7% seropositive barnacle geese shows
that a significant proportion of barnacle geese migrating
to Svalbard harbours 7. gondii. This suggests that
barnacle geese, and possibly other migratory birds, may
function as an important source of 7. gondii to the
ecosystem. Barnacle geese breeding on Svalbard may
become infected by oocysts from cat faeces in their
winter habitat on agricultural land in southern Scotland
(Owen and Gullestad, 1984), or during their migration
along the Norwegian coast. The barnacle goose is
common throughout Svalbard (population size esti-
mated to be 27,000 in 2005; Strgm, 2006), and it is
known to be an important prey species to the arctic fox
(Jepsen et al., 2002; Fuglei et al., 2003; Eide et al.,
2005). The low proportion of seropositive foxes at
Austfjordnes supports the idea that migratory geese are
an important source of infection, since this was the only
sample site with no barnacle goose colonies nearby
(Mehlum, 1998; SCRIB, 2007).

One seropositive walrus was identified, showing that
T. gondii is present in the marine food chain. Walruses
mainly feed on marine invertebrates, but some also eat
seals, and cannibalism has been reported (Lowry and
Fay, 1984; review by Forbes, 2000; Born et al., 2003). It
has also been proposed, but never actually shown, that
walruses scavenge on polar bear carcasses (Larsen and
Kjos-Hansen, 1983; review by Forbes, 2000). In support
of a marine source of infection, Oksanen et al.
(unpublished results) have found antibodies against
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T. gondii among polar bears around Svalbard. However,
even though high seroprevalences of 7. gondi have been
found in various seal species from Alaska and Northern
Canada (Dubey et al., 2003; Measures et al., 2004),
previously studied marine mammals (harp seals, Phoca
groenlandica; ringed seals, Pusa hispida; hooded seals,
Cystophora cristata; and minke whales, Balaenoptera
acutorostrata) from the Northern Atlantic Ocean were
all found to be seronegative (Oksanen et al., 1998). This
may indicate that 7. gondii is not very prevalent in the
marine ecosystem around Svalbard, a hypothesis also
supported by the seronegative kittiwakes and glaucous
gulls. Nevertheless, we cannot reject the possibility that
walruses, foxes and polar bears from time to time might
become infected through seal prey or seal carrion.
Disease transmission via invertebrate prey to marine
mammals has been suspected in previous reports; either
from filter feeding molluscs, as reported for 7. gondii
(Miller et al., 2002), or through transport of undigested
pieces of scavenged flesh, as reported for Trichinella
(reviewed by Forbes, 2000). We cannot exclude the
possibility that transmission from human activities to
terrestrial or marine animals might also occur. Meat
scraps may occasionally be available, although garbage
regulations are strict.

Among the foxes, the force of infection was higher in
<l-year-old group than in other groups. Maternal
antibodies against rabies virus in the red fox are
reported to have a half-life of 8—10 days (Miiller et al.,
2002). The youngest foxes assayed were 6-9-month-
old; and thus it is unlikely that the high seropositive
proportion in the youngest age group was caused by
maternal antibodies. This indicates that vertical
transmission may be important in the arctic fox.
Vertical transmission is shown to occur in experimen-
tally infected farmed arctic foxes and spontaneously in
numerous other species, and generally occurs when the
mother suffers primary infection during pregnancy
(Dubey and Beattie, 1988; Bjerkas, 1990; Duncanson
et al., 2001; Marshall et al., 2004). Parasite-induced host
mortality would also affect estimates of force of
infection, and may be common even though we found
no evidence for chronic effects of 7. gondii infection on
the physical condition of the foxes as measured by the
fat index.

In conclusion, we suggest that 7. gondii most likely is
brought to Svalbard by migratory birds that become
infected in temperate agricultural areas in the winter.
However, marine sources of infection may exist. The
high seroprevalence of T. gondii in the arctic fox
population on Svalbard may be due to: (1) infection
from migratory bird species through predation; (2)

vertical transmission; and (3) tissue cyst transmission
within the Svalbard ecosystem through scavenging and
cannibalism. Together, these transmission routes cause
a surprisingly high seroprevalence of T. gondii in a top
predator living in an ecosystem with very few cats.
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