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a b s t r a c t

Toxoplasma gondii is a zoonotic parasite found in vertebrates worldwide for which felids serve as
definitive hosts. Despite low densities of felids in northern Canada, Inuit people in some regions show
unexpectedly high levels of exposure, possibly through handling and consumption of Arctic wildlife.
Free-ranging caribou (Rangifer tarandus) are widely harvested for food across the Canadian North, show
evidence of seroexposure to T. gondii, and are currently declining in numbers throughout the Arctic. We
experimentally infected three captive reindeer (conspecific with caribou) with 1000, 5000 or 10,000
oocysts of T. gondii via stomach intubation to assess clinical signs of infection, pathology, and tissue
distribution. An unexposed reindeer served as a negative control. Signs of stress, aggression, and
depression were noted for the first two weeks following infection. By 4 weeks post infection, all infected
reindeer were positive on a modified agglutination test at the highest titer tested (1:200) for antibodies
to T. gondii. At 20 weeks post infection, no gross abnormalities were observed on necropsy. Following
histopathology and immunohistochemistry, tissue cysts were visualized in the reindeer given the highest
and lowest dose of oocysts. Focal pleuritis and alveolitis were associated with respiratory problems in
reindeer given the middle dose. DNA of T. gondii was detected following traditional DNA extraction and
conventional PCR on 25 mg samples from 17/33 muscles and organs, and by magnetic capture DNA
extraction from 100 g samples from all 26 tissues examined. This research demonstrated that reindeer/
caribou can serve as intermediate hosts for T. gondii, and that the parasite may be associated with health
effects in wildlife. The presence of T. gondii in all tissues tested, many of which are commonly consumed
raw, smoked, or dried in northern communities, suggests that caribou may serve as a source of human
exposure to T. gondii.
© 2017 The Authors. Published by Elsevier Ltd on behalf of Australian Society for Parasitology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The apicomplexan parasite, Toxoplasma gondii, has a worldwide
distribution and can be found in virtually all species of warm-
blooded animals. Felids, the only known definitive hosts of
T. gondii, contribute to environmental contamination by shedding
oocysts (Dubey et al., 1970). Exposure to T. gondii is widespread
among humans and seroprevalence levels vary widely. While this
ubiquitous parasite generally causes no obvious clinical disease in
immunocompetent hosts, it can cause clinical syndromes including
encephalitis, chorioretinitis and congenital anomalies (Kim and
Weiss, 2008). Postnatal infection can occur through the ingestion
of oocysts shed by felids in the environment or bradyzoites in
hard).

Ltd on behalf of Australian Society f
animal tissues. Prevention of infection in animal hosts is therefore
important to promote food safety, public health, animal welfare,
and sustainable livestock production. Many terrestrial animal
species harvested for food or fur in the Canadian Arctic have anti-
bodies against T. gondii (Kutz et al., 2000; Elmore et al., 2015). This
is enigmatic considering the absence of wild felid definitive hosts
above the treeline, and suggests that terrestrial Arctic herbivores
are infected when they seasonally migrate further south; for
example, Kutz et al. (2001) found a higher seroprevalence levels in
mainland caribou compared to High Arctic Island caribou, probably
due to their migration below the tree line where free-ranging felids
(such as Lynx canadensis) may be shedding oocysts. In other parts of
the world, serological evidence for exposure to T. gondii has been
found in reindeer from Finland and Norway, which correlate with
age and feeding management style (Oksanen et al., 1997).

However, serology provides information on exposure to a
pathogen, not whether animals are actively infected or clinical. A
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single report of toxoplasmosis in experimentally infected reindeer
from Fennoscandia described cases of acute enteritis a few days
post-intrarumenal inoculation with T. gondii oocysts (Oksanen
et al., 1996). Congenital toxoplasmosis has also been documented
in a full term stillborn reindeer, leading to fatal toxoplasmosis
(Dubey et al., 2002). Other than these two studies, the clinical and
pathological effects of T. gondii on Rangifer spp. remain largely
unknown.

Some zoonotic parasitoses are relatively common in people in
Arctic communities, including T. gondii in the Inuit in Nunavut and
Nunavik, Canada, where the seroprevalence is 2e5 times higher
than the North American average of ~15% (Jones et al., 2008;
Messier et al., 2009). In Nunavik, toxoplasmosis was epidemiolog-
ically associated with consumption of raw caribou, seal meat and
skinning of animals for fur (McDonald et al., 1990). Caribou play a
crucial role in culture and survival for northern people; for gener-
ations, they were the most abundant cervid in Canada (Festa-
Bianchet et al., 2011). They are also supporting many predator
populations in northern Canada, including wolves, grizzly bears
and Arctic foxes (Mowat and Heard, 2006; Musiani et al., 2007;
Samelius et al., 2007). Although Rangifer populations historically
fluctuated, the species is vulnerable to climate and habitat changes,
possibly mediated through factors driving the population dynamics
of predators, alternate prey, and parasites or diseases (Vors and
Boyce, 2009). At the population level, declining caribou could
negatively affect northern indigenous communities socioeconom-
ically since caribou remains the most important terrestrial subsis-
tence resource for these people (Kendrick et al., 2005). At the
individual level, caribou represents a potential health risk for
humans (or wildlife carnivores) through foodborne transmission of
zoonotic pathogens. It is not known, in infected caribou, which
organs or muscles contain T. gondii cysts that can be infective for
both humans and animals.

Therefore, the first objective of this study was to determine
infectivity and tissue distribution of T. gondii in experimentally
infected reindeer. Our second objective was to determine whether
clinical and pathological effects occur in experimentally infected
reindeer. Additionally, we compared serological testing to detect
antibodies to T. gondii, and two molecular techniques to detect
T. gondii DNA in tissue: traditional DNA extraction vs magnetic
capture. Although increasingly applied for food safety testing in
Europe, magnetic capture (MC) DNA extraction methods for
T. gondii have not been widely used in wildlife yet, despite the
potential for greatly increased sensitivity due to the ability to
examine large tissue samples (Opsteegh et al., 2010). The compar-
ison of these techniques in experimentally infected reindeer pro-
vides information regarding sensitivity of a conventional PCR
targeting the 529bp repeat element (Homan et al., 2000) when
used with MC technique instead of traditional DNA extraction.
2. Materials and methods

2.1. T. gondii oocysts

Toxoplasma gondii oocysts of the Type III VEG strain obtained
from experimentally infected cats, sporulated in 2% sulfuric acid
and stored at 4 �C for approximately a year were donated by the
Canadian Food Inspection Agency's Centre for Foodborne and An-
imal Parasitology, Saskatoon, SK, Canada. No viability assay was
performed at the time of the reindeer inoculation due to the lack of
resources. A few hours before the inoculation, three doses of 1,000,
5000 and 10,000 oocysts were washed free of acid and suspended
in 5 ml of saline. These doses were administered by nasogastric
intubation to reindeer 1, 2, and 3 respectively.
2.2. Animals

Four captive male reindeer (Rangifer tarandus) three years of age
were relocated from the University of Calgary captive herd in
December 2014 and maintained in outdoor animal containment
facilities at the Alternative Livestock Facility (ALF), Western College
of Veterinary Medicine (WCVM) University of Saskatchewan (U of
S) for at least 4 months prior to infection. Following blood sampling
at the ALF, all animals were negative for IgG antibodies to T. gondii
prior to inoculation based on negative findings on modified
agglutination test (MAT) at 1:25 dilution (New Life Diagnostic LLC,
Carlsbad, CA, United States). Reindeer were fed a mix of alfalfa/hay,
beet pulp, and coccidiostat-free Buck (Deer) Ration (Federated Co-
Operatives Limited, Saskatoon, SK, Canada) supplemented with
selenium. Salt blocks and water were available ad libitum. At
inoculation, the weight of each reindeer was estimated to be
approximately 150 kg.

All animal use and procedures followed the Guidelines of the
Canadian Council on Animal Care, andwere reviewed and approved
by the U of S Animal Care Committee (UCACS protocol number
20130107).

2.3. Experimental design

A few hours prior to inoculation, three reindeer were trans-
ported to Biocontainment level 2 indoor facilities at the Vaccine
and Infectious Disease Organization (VIDO), U of S. They were
inoculated via naso-gastric tubes (0.05” inner diameter) with
T. gondii oocysts suspended in saline (Table 1). They were kept in-
doors under observation for 72 h post-inoculation (PI), to allow
biocontainment of transitory oocysts passed in feces. They were
observed for any signs of anorexia, weakness, injected conjunctiva,
respiratory distress, nasal discharge, and unusual behavior. After-
wards, the animals were transported back to the ALF where they
were housed in a small pen for the first week for close observation.
Ten days PI, they were moved to a large fenced pasture of six acres.
They were observed daily for 30e60 min for the first week and
every 2e3 days afterwards to assess any clinical signs, behavioral
changes, and food intake (full, half, or empty trough). Blood sam-
ples were collected at week 1, week 4, and week 20 PI, the time of
euthanasia. Reindeer 3 had to be euthanized at 16 wks (vs 20 wks)
due to welfare reasons unrelated to the experimental infection. A
fourth reindeer kept at the ALF died of unrelated causes one week
prior to inoculation (enteritis caused by Clostridium perfringens).
Tissues (heart, tongue, liver, spleen, lung, kidney, rumen, brain, and
biceps femoris) were harvested at necropsy and used as negative
controls.

2.4. Reindeer anesthesia protocol

Zuclopenthixol acetate (Clopixol® Depot, 200 mg/ml, 1 mg/kg,
Lundbeck) was administered via intramuscular hand injection for
transport. For manipulations (i.e., de-antlering, blood sampling,
oocysts inoculation, and euthanasia), a combination of medetomi-
dine hydrochloride (Domitor®, 40 mg/ml, 0.12 mg/kg) and keta-
mine hydrochloride (Vetalar®, 100 mg/ml, 2 mg/kg) was
administered via darting. Atipamezole hydrochloride (Antisedan®,
5 mg/ml, 0.2 mg/kg, Pfizer) was used to reverse sedation.

2.5. Euthanasia and necropsies

The three inoculated reindeer were sedated and euthanized in
the field by intravenous barbiturate overdose of sodium pento-
barbital (Euthanyl-Forte®, 540 mg/ml, MTC). They were immedi-
ately transported to the WCVM for necropsy. The carcasses were



Table 1
Experimental oral exposure to oocysts of Toxoplasma gondii and serological monitoring of three reindeer (Rangifer tarandus).

Animal ID Dose of oocysts Weeka of necropsy Post infection serology (MAT)

1:25 1:50 1:100 1:200 Weeka blood sampled

Reindeer control 0 �1 e e e e �1
Reindeer 1 1000 20 e e e e 0

þ þ þ þ 4
þ þ þ þ 20

Reindeer 2 5000 20 e e e e 0
þ þ þ þ 4
þ þ þ þ 20

Reindeer 3 10,000 16 e e e e 0
þ þ þ þ 4
þ þ þ þ 16

a Relative to inoculation.
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examined for gross abnormalities, and organs and tissues collected
(brain, heart, lung, liver, spleen, kidneys, eyes, tongue, diaphragm,
and 200 g of 17 different skeletal muscles). Fresh brain squashes
(impression smears) were prepared and immediately observed by
microscopy at 60� objective lens. Half of each tissue sample was
fixed in 10% formalin for histology and immunohistochemistry
(IHC). The rest of the samples were frozen at �20 �C for molecular
testing.

2.6. Histology and immunohistochemistry

To assess tissue infection status, formalin-fixed tissues from the
inoculated reindeer (brain, heart, lung, liver, spleen, kidneys,
tongue, diaphragm, triceps, external oblique, gluteus medius, and
longissimus) and from the unexposed control reindeer (brain,
heart, lung, liver, spleen, kidneys, rumen) were processed into
paraffin-embedded tissue blocks, sectioned 5 mm thick, and stained
with hematoxylin and eosin (HE). Seven blocks were examined for
the control (one organ per block) and 7 blocks for each infected
reindeer (2 organs/tissues per block excepted brain and heart with
one block each). For IHC, 5 mm sections of the same 28 paraffin-
embedded blocks were cut and processed by Prairie Diagnostic
Services, SK, Canada as previously described (Cruickshank et al.,
1990) with some modifications. Briefly, epitope retrieval was per-
formed using a proteinase K treatment and any binding of the
primary antibodies (rabbit anti-Toxoplasma gondii (1:100), Ther-
moFisher Scientific, Waltham, MA, USA) was detected using an
avidin-biotin HRP-labelled detection reagent (Vector Labs, Burlin-
game, CA, USA) on an automated slide stainer (Autostainer Plus,
Dako Canada Inc., Mississauga, ON).

2.7. Serology

Sera of each reindeer were tested for anti-T. gondii IgG using a
commercially availablemodified agglutination test (MAT) (New Life
Diagnostic LLC, Carlsbad, CA, United States) (Al-Adhami et al.,
2016). The kit was used according to the manufacturer in-
structions, at four dilutions (1:25; 1:50; 1:100; and 1:200), with
1:25 as a cut-off for seropositivity. The positive and negative con-
trols used were the one included with the test. Questionable results
consisting of mild agglutination covering less than half of the test
well were considered negatives.

2.8. Traditional DNA extraction

DNA extractions were performed on 25 mg of each of 10 tissues
(Table 2) for infected reindeer. Heart, tongue, and biceps femoris of
the unexposed control reindeer were also tested. Each sample of
25 mg was frozen at �80C for 30min and thawed in a 97 �C water
bath for 15min, repeated twice. Samples were analysed via the
DNeasy® Blood and Tissue Kit (Qiagen, Toronto, Canada) according
to the manufacturer's instructions. Mice brain infected with
T. gondii oocysts was used as a positive control.
2.9. Magnetic capture DNA extraction

Magnetic capture (MC), as per Opsteegh et al. (2010), was per-
formed on 100 g of each of 9 tissues (Table 2) for infected reindeer.
For the uninfected reindeer, only biceps femoris was tested with
MC technique as it was the only meat sample having enough grams
to be tested. In each run of the protocol, a negative and two spiked
beef samples (positive controls) were included. The concentration
of the undiluted T. gondii tachyzoite-stock used for spiking was
2.5 � 106/ml. A 10-times dilution series was made in ultrapure
water to obtain 2.5 � 105 and 2.5 � 104/ml. For positive controls,
100 ml of these dilutions was added to 100 g of beef samples,
resulting in samples spikedwith 2500 and 25,000 tachyzoites. Prior
to spiking, fluid extracted from the beef muscle tissuewas tested by
MAT to confirm negativity for antibodies to T. gondii, with negative
and positive controls from the test.
2.10. PCR amplification

A conventional PCR using the primers TOX4 and TOX5 described
by Homan et al. (2000) was performed on DNA extracted from
tissue samples using both the traditional and magnetic DNA
extraction techniques. Each PCR run included brain of mice infected
with T. gondii oocysts and genomic DNA of T. gondii as positive
controls, and PCR negative control for assessing contamination.
Controls from the two techniques were tested as well.

Optimization of the PCR assay (hybridization temperature for
primer annealing, MgCl2, DNA Taq polymerase and primer con-
centrations) was performed using T. gondii DNA extracted from
experimentally infected reindeer to enhance the sensitivity and
specificity of the reaction (Chabbert et al., 2004; Bastien et al.,
2008). To minimise the possibility that false-negative were ob-
tained, all negative samples were tested twice using primer sets
targeting the internal positive-control, the species-specific refer-
ence gene, to assess the quality of DNA extracted.

Following gel observation under ultraviolet light, DNA from
suspected-positive bands was purified using a QIAquick PCR Puri-
fication Kit (Qiagen, Toronto, Canada) and sent for commercial DNA
sequencing (Macrogen, Korea). The resulting sequences were sub-
jected to nucleotide BLAST analysis.



Table 2
Detection of DNA of Toxoplasma gondii in organs and muscles of experimentally exposed reindeer using two DNA extraction methods.

Traditional DNA extraction (25 mg) Magnetic capture (100 g)

Reindeer control Heart e nt
Tongue e nt
Biceps femoris e e

Reindeer 1
(1000 oocysts)

Brain þ þ
Heart e þ
Diaphragm þ þ
Lung þ þ
Tongue e nt
Biceps femoris þ þ
Gluteus medius e þ
Longissimus þ þ
External oblique e þ
Triceps þ þ

Reindeer 2
(5000 oocysts)

Brain e þ
Heart e þ
Diaphragm e þ
Lung e þ
Tongue e nt
Biceps femoris e nt
Gluteus medius e þ
Longissimus þ þ
External oblique þ þ
Triceps þ þ

Reindeer 3
(10,000 oocysts)

Brain þ þ
Heart e þ
Diaphragm þ þ
Lung þ þ
Tongue þ nt
Biceps femoris þ þ
Gluteus medius þ þ
Longissimus e þ
External oblique þ þ
Triceps þ þ

þ: positive e: negative nt: not tested.
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2.11. DNA characterization

2.11.1. GRA6 DNA extraction
For each infected reindeer, 12 ml of crude extract from three

positive samples on conventional PCR following the MC technique
(brain, heart, and diaphragm) were taken from back-up solution
kept frozen at - 20 �C to capture the GRA6 gene following the same
MC protocol except that 15 pmol of GRA6-CapF and GRA6-CapR
were used rather than 10 pmol (Opsteegh et al., 2010). Approxi-
mately 45e50 mL of template DNAwere sent within 24 h on dry ice
to the National Reference Centre for Parasitology, Research Institute
of the McGill University Health Centre, Montreal, QC, Canada for
further genetic characterization.
2.11.2. PCR RFLP amplification
The GRA6 gene was amplified according to Zakimi et al. (2006).

PCR amplificationwas performedwith 2 ml of DNA template in 50 ml
PCR reaction mixture containing, 5� GoTaq Flexi buffer (Promega),
2 mM MgCl2, 50 pmol of each primer, 0.2 mM of each deoxy-
nucleotide triphosphate, and 1.25 U of Taq DNA polymerase. The
resulting amplification product was used as a template in the sec-
ondary PCR using the internal primers described by Fazaeli et al.
(2000), and using 2 ml primary PCR product as the template at an
annealing temperature of 60 �C and extension for 2 min with 35
cycles. Five ml of each amplicon was run in a 1.5% agarose gel con-
taining GelRed at 120 V for 40minwith 1� TE buffer and visualized
under Ultraviolet light.

The unpurified PCR product was sequenced at McGill University
and G�enome Qu�ebec Innovation Centre, Montreal, QC, Canada. The
Nucleotide sequences were applied to a Basic Local Alignment
Search Tool (BLAST) (www.ncbi.nlm.nih.gov/blast) to get the 100%
similarity with the GRA6 sequences deposited in the GenBank.
RFLP analyses were performed on PCR positive samples to

determine the molecular types. GRA6 positive amplicons were
incubated with the MseI enzyme according to the manufacturer's
instructions (New England BioLabs). The digested PCR products
were visualized by electrophoresis on 1.6% agarose gel containing
Gel Red.

2.12. Data analysis

All tests performed were read by the same person. The reader
was blinded in between assays regarding the infection status of
animals.

3. Results

3.1. Serostatus

The serum samples collected before inoculation from the 4
reindeer were all seronegative. The 3 experimentally infected
reindeer demonstrated seropositivity at 4 dilutions (1:25; 1:50;
1:100; and 1:200) 4 weeks after inoculation and remained sero-
positive at time of euthanasia (Table 1).

3.2. Symptoms

Following infection, stress (pacing, not eating) and aggressive-
ness (pushing away other reindeer) were noted for reindeer 1 and 3
for about 2 weeks. Reindeer 2 self-isolated from the others, and
frequently exhibited panting, pacing, and dragging his feet.
Behavior returned to normal for all reindeer in the followingweeks.

http://www.ncbi.nlm.nih.gov/blast


Fig. 2. Histological section of reindeer 3 diaphragm containing a T. gondii cyst visu-
alized at 100� with oil immersion after immunohistochemical stain.
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3.3. Necropsy, histopathology and immunohistochemistry

Post-mortem examination of infected reindeer did not show any
gross abnormalities. A single T. gondii tissue cyst was observed on
squash mount of the brain of reindeer 2 at necropsy (Fig. 1). Toxo-
plasma gondii cysts were visualized by histopathology and immu-
nohistochemistry on tongue, diaphragm, external oblique, and
triceps of reindeer 3 (Fig. 2), and on external oblique and gluteus
medius in reindeer 1. Focal to coalescing chronic fibrinous eosino-
philic histiocytic pleuritis, with mild focal eosinophilic alveolitis
were observed in reindeer 2. No histological changes were detected
in the unexposed control reindeer on heart, liver, spleen, lung,
kidney, rumen, and brain.

3.4. Toxoplasma gondii detection in tissues and organs

Following traditional (kit based) DNA extraction, T. gondii was
detected by PCR in 3e8 tissues from each infected reindeer
(Table 2); heart was negative for all 3 reindeer and triceps was the
only tissue that tested positive in all three reindeer. Following MC
DNA extraction, DNA of T. gondii was detected in all tissue samples
tested (Table 2). Sequence analysis indicated 99% identity with
T. gondii Type III VEG strain. For those tissues tested using both
techniques (n ¼ 26), the proportion of positive tissues among all
tissues tested by traditional DNA extraction was 61.5% (16/26), and
100% (26/26) for MC. For traditional DNA extraction, positive con-
trols of infected mice brain gave positive results, as well as the
spiked beef sample for MC. Genotyping of MC positive samples
(brain, heart, diaphragm) of each of the exposed reindeer were
identified as T. gondii Type III VEG strain, the same strain given at
inoculation.

No evidence of T. gondii was detected after serological and
molecular testing of tissues from the unexposed control reindeer.
The lack of personnel, time, material, and changes in the protocol
after the euthanasia of the unexposed control reindeer explained
the difference in number and quantity of samples collected and
tested compared to the exposed ones.

4. Discussion

This study reports the first experimental infection in reindeer
inoculated orally with oocysts of T. gondii Type III via nasogastric
Fig. 1. Brain squash picture of T. gondii tissue cyst of reindeer 2 brain visualized on
compound microscopy (60�).
tube, and successfully established subclinical infections. Oral
exposure reflects the suspected natural route of infection: i.e. by
consuming oocysts in contaminated feed or water. Minor behav-
ioral changes observed for a few days following infection may
reflect changes in housing and stress due to handling. Our obser-
vations demonstrated that reindeer are suitable intermediate hosts
for T. gondii and susceptible to sporulated oocysts. The only other
experimental infection reported in reindeer resulted in a marked
acute rumenitis associated with intrarumenal inoculation of 5000
and 50,000 oocysts of T. gondii in 2 yearling reindeer (Oksanen
et al., 1996) with the type II ME-49 strain (Dubey et al., 1995).
With the strain used in our work (VEG III strain), subclinical in-
fections were previously successfully achieved with other animal
species (Gajadhar et al., 2004; Forbes et al., 2012). Forbes et al.
(2012) detected infection 7e14 days after inoculating pigs with
doses as low as 10 to 100 oocysts, although lethal effects have been
reported in BALB/c mice at doses ranging from 10 to 1000 oocysts
(Dubey et al., 2012). It is thus possible that the differences in pa-
thology observed between our study and the previous reindeer
experimental study were due to differences in dose of oocysts
(1000e10,000 vs 5000 and 50,000), strain virulence of T. gondii
(VEG vs ME-49), method of inoculation (intubation vs intra-
rumenal), and age of the host (adult vs yearling).

Even though reindeer in our study seemed to tolerate infection
well, the behavioral and respiratory changes that we observed
could have important implications in wild populations of caribou,
which are subject to chase predation by wolves. In intermediate
hosts, it is long recognized that T. gondii-infected rodents have an
increase risk of predation by exhibiting higher activity and a
decreasing in predator vigilance behavioral traits (Hay et al., 1983).
Toxoplasma gondii localization in the central nervous system of
intermediate hosts may facilitate both escape from host immunity
as well as manipulation of host behavior. Increase risk of predation
in sea otters by sharks has also been described following infection
with the parasite (Miller et al., 2004). Subtle behavioral changes
associated with toxoplasmosis could predispose wild caribou to
predation or act synergistically with stress from other sources.
Toxoplasmosis may also have an impact on fetuses of acutely
infected dams. With caribou populations already in decline (Vors
and Boyce, 2009), T. gondii could affect calving success and health.

Histological evidence of chronic eosinophilic inflammation in
the lungs of reindeer 2 might explain observations of panting and
depression in this animal. Lung inflammation following T. gondii
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infection has been described in the literature (Dubey, 2010). No
histopathological changes were associated with T. gondii seen on
IHC. We noted more tissue cysts in the reindeer given the highest
dose of oocysts, consistent with earlier observations with the VEG
strain of T. gondii (Dubey et al., 1996). Low sensitivity of detection of
tissue cysts on histopathology and IHC was expected, as only a
small amount of tissue can be fixed on one slide and as few as one
tissue cyst can be present in an entire organ.

We detected T. gondii DNA in all tissues examined from infected
reindeer using MC as compared to only 62% of tissues from which
DNA was extracted using a conventional kit. This likely reflects the
larger amount of tissue (100 g) examined in the MC technique, as
compared to 25 mg of tissue. We suggest the use of MC technique
when sufficient amounts of tissue are available, and as a useful
screening tool in exposure assessment inwildlife and other animals
intended for human consumption. In a previous study, this tech-
nique has shown an equal sensitivity compared with the mouse
bioassay, which is often considered to be the gold standard for
detection of T. gondii in meat samples (Garcia et al., 2006). Thus, the
MC DNA extraction technique in combination with PCR can be a
valuable alternative to mouse bioassay, which is time consuming
and ethically challenging.

We found awide distribution of the parasites in multiple organs
and muscles, even in the reindeer infected with the lowest dose.
This suggests that the doses we used were high relative to natural
infections, where only a few organs and tissues might harbour
cysts. Experimentally infected animals have less variation in in-
fectious dose, time after infection, and host and parasite genetics
than with naturally infected animals (Opsteegh et al., 2010).
Therefore, the presence of T. gondii in multiple tissues following
experimental infection might not reflect the distribution of the
parasite in naturally infected caribou in the wild. In our study, we
used a terrestrial Type III VEG strain administered orally to estab-
lish subclinical infection and avoid acute toxoplasmosis.

Caribou migrating south might be exposed to different strains,
of varying virulence, and experience different clinical signs, but
there is no well documented report of natural clinical toxoplas-
mosis in Rangifer, which could reflect relatively low levels of envi-
ronmental contamination with T. gondii oocysts throughout their
migration range. However, a high prevalence of antibodies (37%)
has been detected in mainland caribou that migrate into boreal
regions where lynx may be present (Kutz et al., 2001), suggesting
relatively high levels of exposure. Since cats infected for the first
time can shed 100's of millions potentially infectious oocysts during
peak patency, environmental contamination can be high in specific
areas. Levels of contamination can vary greatly along the urban-
rural-wild gradient (Gilot-Fromont et al., 2012). One study from
theMorro Bay area in California estimated the annual burden in the
environment between 94 and 4671 oocysts/m2 (Dabritz et al.,
2007). Another study in France estimated rate of soil contamina-
tion by T. gondii oocysts between 31 and 3600 oocysts/m2 per year
(Afonso et al., 2010).

In this experimental infection study, we detected the parasites
in multiple muscles and organs commonly consumed by subsis-
tence harvesters in northern communities. Caribou is consumed in
every Inuit community across Canada, with preferences depending
on the region. As a nutrient dense food, practically all parts of
caribou are traditionally consumed including meat, milk, organs,
blood, and bonemarrow (MeisMason et al., 2007). Inuit in Canada's
north traditionally relied on “country food” (hunting caribou, seal,
fish, wild berries etc.). However, modernization and the high cost of
hunting are changing Inuit eating habits, with store-bought foods
being increasingly popular in Inuit communities (Sheikh et al.,
2011). Nevertheless, traditional foods remain frequently
consumed, highly preferred, and an integral part of the social and
cultural life (Meis Mason et al., 2007). In these regions, meat and
organs are often eaten raw, dried, or smoked (Messier et al., 2009).
Consumption of muscles (legs, shoulder, ribs, rump, front end,
breastbone, backbone), fat, tongue, head, stomach content, heart,
kidney, and liver has been demonstrated (Condon et al., 1995;Wein
et al., 1996). Therefore, further work is needed to determine the
tissue infection status and tissue cysts viability in caribou harvested
for human consumption.

Finally, since it was a small study with only three exposed ani-
mals, more data would be needed to validate the results. Future
work on the public health significance could include characterizing
tissue distribution of T. gondii in naturally infected caribou as well
as determining the effects of traditional methods of food prepara-
tion on viability of tissue cysts for a holistic understanding of the
epidemiology and clinical significance of toxoplasmosis in free-
ranging caribou. From a wildlife health and conservation view-
point, further work is needed to determine the effects of changing
climate and habitat on the transmission of T. gondii in the Canadian
North.
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