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ABSTRACT 

Dermacentor albipictus is an important parasite of moose and other ungulate 

species. In 1989, winter ticks were reported as far north as 62° N, but recent anecdotal 

reports of clinically affected moose in the Sahtu Settlement Area, NT suggested significant 

range expansion. This research aimed to determine the occurrence of D. albipictus on 

moose and caribou hides from the Sahtu submitted by local hunters, to investigate growth 

and development of winter ticks on captive reindeer, and to develop a serological assay to 

detect antibodies to ticks using cattle as a model. Winter ticks were confirmed in 5 of 30 

moose at 66° N. The development of ticks on captive reindeer was similar to that reported 

in moose. There was no consistent pattern in antibody response after exposure to ticks. 

Future studies should continue monitoring to understand the potential risks of this parasite 

to infest caribou under a changing climate.  
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Figure 2.3. Method used for sampling moose (Alces americanus andersoni) and 
barrenground caribou (Rangifer tarandus groenlandicus) hides collected from the 
Sahtu Settlement Area, NT. All sections (A, B, C, D and E) had a measurement of 10 
x 40 cm (400 cm2) and each of these sections was sub-divided into four subsections 
containing 4 quadrants of 100 cm2, resulting in a total of 20 quadrants per hide. 
Sections A and B corresponded to the Neck area, sections C and D to the Shoulders 
Area, and Section E to the Base of the Tail. """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&&!

Figure 2.4. Map with northern limit of winter tick distribution suggested in Wilkinson’s 
model in 1967 based on degree-days. Dashed line represents historical observations of 
clinically affected moose by Samuel (1989) and cross represent recent reports of 
‘ghost moose’ (green cross) and reports of woodland caribou affected with winter 
ticks (pink cross) by Kutz (2009) in the NT. Red starts represent moose hides positive 
for winter ticks after analysis of hide digests and black starts represent negative moose 
collected from the Sahtu Settlement Area, NT. Black squares represent negative 
barrenground caribou hides. """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&)!

Figure 2.5. Percentage of each tick development stage observed on individual moose hides 
collected from September 2010 to May 2012 in the Sahtu Settlement Area, Northwest 
Territories, Canada. """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*,!

Figure 2.6. Percentage of winter ticks observed in the hide digests in each of the sections 
(Neck, Shoulders, and Base of the Tail) according to animal ID. """""""""""""""""""""""""""""""""""""""*%!
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Figure 3.1. Laboratory conditions under which the engorged female ticks were maintained 
to ovipost. (A): Engorged female winter tick attached to a Petri dish to ovipost and 
(B): Petri dishes with ticks inside a plastic container with moist paper towel. """""""""""""""'&!

Figure 3.2. Laboratory conditions under which winter tick eggs were kept for larvae to 
emerge. (A): Winter tick larvae in detail and (B): Conditions under which winter tick 
larvae were maintained until being used to infest the captive reindeer calves. """"""""""""""'&!
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Figure 3.3. Stockinet sleeves were attached with non-toxic glue along the midline of the 
back of the animal (two near shoulders and two at the rump area). Ticks were placed 
inside the sleeves and the top was securely fastened with black Velcro$

 strips. """""""""""""''!
Figure 3.4. Total number of tick observations recorded according to tick development 

instars in all infested reindeer throughout the experimental infestation."""""""""""""""""""""""""""')!
Figure 3.5. Total number of ticks recorded, according to tick development instars and 

reindeer, throughout the experimental infestation. """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""'$!
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Figure 4. 1 Procedure for tick saliva extraction. (A) Injection of 10µ l of dopamine solution 
(5mM dopamine hydrochloride (Sigma Life Science, SIGMA-ALDRICH, St. Louis, 
Missouri, USA) in 0.9% sodium chloride solution) underneath the scutum of the 
engorged female tick; (B) Placement of the tick onto the microscope slide after 
dopamine injection; (C) Placement of the capillary tube on their mouthparts, and (D) 
detailed picture showing the location the capillary tube is placed for saliva collection.
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+%!

Figure 4. 2. Experiment 1: Comparison of protein bands in wood tick and winter tick saliva 
stained with Simply Blue#  Safe Stain. (A): wood tick and winter ticks fed on cattle; 
(B): winter ticks fed on moose and reindeer. Both species of ticks had salivary proteins 
at 70 kDa, 90 kDa, 110 kDa, and 210 kDa, but only ticks fed on cattle had proteins at 
15 kDa (black arrow). Salivary protein at 25 kDa was only present in winter tick saliva 
(red arrow). """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+$!

Figure 4.3. Experiment 2: Western blot analysis of 2009 sera (archived bovine sera) to 
investigate antibody response to wood tick salivary proteins. Pre- represent pre-
exposure sera and P1, P2 and P3 represent post-exposure sera (P1= one month, P2= 
two months, and P3= three months after exposure to ticks). Pre- and post-exposure 
sera of all animals reacted to salivary proteins at 30 kDa, 35 kDa and 60 kDa, but 
reaction to protein 40 kDa was only observed in post-exposure sera in six of the 
animals tested (black arrow). """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")%!

Figure 4.4. Experiment 3: Western blot analysis of the 2011 sera from Group 1 to 
investigate antibody response to wood tick salivary proteins. Pre- represent pre-
exposure sera and P1, P2 and P3 represent post-exposure sera (P1= one month, P2= 
two months, and P3= three months after exposure to ticks). Presence of ghost bands at 
70 kDa, 90 kDa, 110 kDa. There was no distinct antibody reacting to tick proteins in 
post-exposure sera other than those observed in pre- and post-exposure sera at 30 kDa, 
35 kDa and 60 kDa.""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")&!
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Figure 4.5. Experiment 4: Western blot analysis of the 2011 sera from Group 2 to 
investigate antibody response to tick salivary proteins. Pre- represent pre-exposure 
sera and P1, P2 and P3 represent after exposure (P1= one month, P2= two months, and 
P3= three months after exposure). Pre- and post-exposure sera of all animals reacted to 
tick salivary proteins at 25 kDa and 60 kDa. Sera of animal 115 reacted also to the 
protein at 35 kDa. """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")&!

Figure 4.6. Experiment 5: Experiment using chemiluminescence detection method 
following the standardized protocol for colorimetric detection method in cattle. Dark 
and blotchy background obscured visualization of antibody reaction to tick salivary 
proteins.""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")'!

Figure 4.7. Experiment 6: Investigation of the antigen concentration for (A) winter tick and 
(B) wood tick saliva necessary to capture a signal. Dark and blotchy background 
hindered visualization of antibody reaction to tick salivary proteins, especially on 
figure (B). """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")(!

Figure 4.8. Experiment 7: Western blot analysis comparing the efficiency of two blocking 
solutions to reduce dark background and non-specific antigen-antibody bindings. (A) 
Dark background and faint signals observed when blocked with Gelatin 3%; (B) 
Background was still dark and blotchy, but antibody reaction to tick salivary proteins 
were better visualized when blocked with Super Block® Blocking Buffer (Thermo 
Scientific). """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")+!

Figure 4.9. Experiment 8: Western blot analysis of the sera from cattle experimentally 
infested with wood ticks (Group 1) to investigate antibody response to wood tick 
salivary proteins before (Pre-) and after exposure (P1= one month, P2= two months, 
and P3= three months after exposure) to wood ticks using chemiluminescence 
detection method. Dark background does not allow good visualization of the antibody 
reaction to tick salivary proteins hindering interpretation of the results. """"""""""""""""""""""""""))!

Figure 4.10. Experiment 9: Western blot analysis of the sera from cattle experimentally 
infested with winter ticks (Group 2) to investigate antibody reaction to tick salivary 
proteins before (Pre-) and after exposure (P1= one month, P2= two months, and P3= 
three months after exposure) to winter ticks using chemiluminescence detection 
method. Pre- and post-exposure sera of animal 115 reacted to tick salivary protein at 
35 kDa, which was consistent with the results from colorimetric detection method."""))!

Figure 4.11. Experiment 10: Optimization of secondary antibody concentration without 
primary antibody to investigate the optimal dilution necessary to reduce dark 
background, and to assess cross-reactivity between antigen and secondary antibody. 
Note that dark background is reduced dramatically when used secondary antibody at 
1: 40,000 dilution."""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")$!

Figure 4.12. Experiment 11: Optimization of primary antibody concentration to investigate 
the optimal dilution of primary antibody necessary to capture a clear signal. Note that 
the dark background is reduced as the dilution increases, but at 1:2,500 dilution it is 
still possible to see protein bands. """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""")$!
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Figure 4.13. Flowchart of the Western blot technique with the possible causes for failure to 
capture of a signal using chemiluminescence detection method. The colours indicate a 
summary of the challenges encountered (in red), the troubleshooting trials (in green) 
and the experiments related in an attempt to capture a strong clear signal. """""""""""""""""""""$,!
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 “It is not the critic who counts; 

not the man who points out how the strong a man stumbles, 
or where the doer of deed could have done them better. 

The credit belongs to the man who is actually in the arena, 
whose face is marred by dust, and sweat and blood; 

who strives valiantly; 
who errs, who comes short again and again, 

because there is no effort without error and shortcoming; 
but who does actually strive to do the deeds; 

who knows great enthusiasms, the great devotions; 
who spends himself in a worthy cause; 

who at the best, knows in the end, the triumph of high achievement, 
and who at the worst, if he fails, 

at least fails while daring greatly…” 
 

– Theodore Roosevelt –  
 

 



 

 

 

CHAPTER 1 

INTRODUCTION 
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The winter tick – life cycle, hosts and geographic distribution 

Dermacentor albipictus (Packard, 1869) (Acari: Ixodidae), the winter tick, is a one-

host tick, i.e., it completes its parasitic stage on a single host, both infesting wild and 

domestic ungulate species (Addison et al., 1979; Addison and McLaughlin, 1988). The 

winter tick life cycle takes a year to complete and follows a predictable pattern in many 

regions of its occurrence. Hosts become infested with winter tick larvae in the autumn and 

ticks remain on the host throughout the winter. Engorged females drop off from the host 

onto the ground in spring to lay eggs. In summer these eggs hatch and larvae emerge, which 

remain on the ground until late August to mid October. That is when larvae ascend the 

vegetation and form aggregations waiting for a potential host to pass and come in contact 

with these clumps (Addison and McLaughlin, 1988; Aalangdong and Samuel, 2001). Once 

the host is found, larvae start blood feeding and within a few weeks moult into nymphs, 

which undergo diapause for several months and start feeding in late January and then moult 

into adults in February and March. Adult ticks then feed between March and April, and 

engorged females drop from the host onto the ground to lay eggs in late spring.  

Among affected hosts, moose (Alces americanus sspp.) are the most commonly and 

the most severely affected. However, other ungulates species such as elk (Cervus 

canadensis (Erxleben, 1777)), mule deer (Odocoileus hemionus Rafinesque, 1817) and 

woodland caribou (Rangifer tarandus caribou (Gmelin, 1788)) can also be affected with 

winter ticks (Welch et al., 1990b; Welch et al., 1991). The effects of D. albipictus 

infestations on moose can be severe: reports of an individual moose parasitized with over 

100,000 ticks (Samuel and Welch, 1991) demonstrate how severely and intensely winter 

ticks can affect moose. The most common clinical signs observed in these animals are 
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damage of the guard hairs and extensive alopecia (hair loss) due to grooming behaviour in 

their attempt to remove ticks (McLaughlin and Addison, 1986; Mooring and Samuel, 1999). 

The animals that develop such signs are easily recognized in the field and popularly referred 

to as ‘ghost moose’ because of their pale colour. To date, no other ectoparasites other than 

winter ticks are known to cause such a clinical signs on moose (Samuel, 1989), thus several 

researchers have used these signs as an indication of winter tick occurrence in a region 

(Samuel, 1989; Kutz et al., 2009). Severely affected animals also develop other clinical 

signs such as poor body condition, anaemia, and eventually, mortality can also occur 

(McLaughlin and Addison, 1986; Musante et al., 2007; Samuel, 2007; Samuel, 2007). The 

impacts of winter tick infestations on moose health are so significant that it is believed that 

this parasite, together with other ecological factors, influences moose population dynamics. 

For example, the decline in moose numbers at Isle Royale National Park, Michigan, USA 

during the winters of 1987/88 to 1993/94 was associated with an epizootic of winter ticks 

(DeIgiudice et al., 1997). Similarly, from 1977 to 1982, several debilitated moose that were 

found annually in central Alberta were parasitized with numerous ticks and with extensive 

alopecia (Samuel and Barker 1979). During the winter of 1998/1999 at Elk Island National 

Park, Alberta, Canada, moose die-offs were also associated with heavy winter tick 

infestations (Pybus, 1999).  

Winter ticks are widely distributed across North America, from as far south as Baja 

California, Mexico (31° N) (Contreras et al., 2007) to as far north as Yukon, Canada (62° 

N) (Samuel, 1989). Within the genus Dermacentor, D. albipictus has the northernmost 

distribution (Wilkinson, 1967); however, the northern limit of its distribution is still not well 

defined. In 1967, Wilkinson (1967) suggested that the northern limit of this parasite was at 
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approximately 64° N, from northern British Columbia and southern Northwest Territories in 

western Canada. Wilkinson’s (1967) model was based on growing degree-days necessary to 

allow winter tick development during the free-living stages, but no winter tick specimens 

were ever found as far north to confirm his hypothesis. A few decades later, in the late 

1980s, moose clinically affected with winter ticks were reported in the southern Yukon; 

however, the reports did not exceed the northern limit suggested by Wilkinson (1967) as 

they were all south of 62° N (Samuel, 1989). More recently, in the mid-2000s, observations 

of ‘ghost moose’ were reported as far as the Sahtu Settlement Area (further referred as the 

Sahtu), in the central Northwest Territories (NT) (62° - 68° N) (Kutz et al., 2009). The 

observations in the Sahtu considerably exceeded the northern limit of the winter tick 

distribution suggested by Wilkinson (1967) and the reports of clinically affected moose in 

Samuel (1989) study, highlighting the possibility of winter tick range expansion in the 

Canadian North (Kutz et al., 2009). While the increase sightings of clinically affected 

moose by local residents could be due to enhanced awareness, focus group interviews with 

local subsistence hunters who had handled hundreds of moose hides since 1970, indicated 

that only recently there was an increase in observation of hides with broken hair or hair loss 

(Kutz et al., 2009). Although observations of clinically affected moose are strong 

indications of winter tick occurrence, there were no sampling efforts to recover tick 

specimens and confirm the presence of this parasite as far as the Sahtu.  

Considering the negative impacts of D. albipictus infestation on moose at the core 

of winter tick distribution range (Glines and Samuel, 1984; DeIgiudice et al., 1997; Mooring 

and Samuel, 1999; Musante et al., 2007), these increasing reports of affected moose in the 
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Sahtu raises a concern about the impacts on moose health and other ungulate species that 

are sympatric to moose in the region.  

To date, it is unknown if boreal woodland caribou (Rangifer tarandus caribou 

(Gmelin, 1788)) from the Sahtu are infested with winter ticks as there has been no 

systematic surveillance of this ungulate species for the tick. Reports of boreal woodland 

caribou affected with winter ticks in Alberta indicate that they are susceptible to this 

parasite (Welch et al., 1990b) and anecdotal reports of boreal woodland caribou affected 

with ticks in southern regions of the Northwest Territories (Kutz et al., 2009) also suggest 

that winter ticks can be a concern for this ungulate species in the Northwest Territories.   

The status of winter tick infestations on barrenground caribou (Rangifer tarandus 

groenlandicus (Borowski, 1780)) also remains unclear. Prior to the current study 

(Kashivakura et al. Chapter 2), no studies had been done to assess if barrenground caribou 

are infested with winter ticks. There are concerns that this parasite will invade 

barrenground caribou populations and cause severe consequences to their health (Kutz et 

al., 2009). Barrenground caribou populations are declining across their circumpolar range 

(Vors and Boyce, 2009). Although dramatic fluctuations in barrenground caribou numbers 

have been historically documented (Vors and Boyce, 2009), current climate change 

scenarios – together with increasing industrial development – may restrict recovery of these 

declining populations. A new parasite added to these existing stressors could aggravate the 

situation of an already declining population causing morbidity and mortality of the affected 

animals. Hence, determining the occurrence of this parasite in the Sahtu was the first step to 

better understanding the potential risks of winter ticks invading barrenground caribou 

populations.  
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Surveillance of winter ticks in the Sahtu  

This research grew out of an ongoing hunter-based Wildlife Health Monitoring 

Program, which was initiated in 2002 in response to concerns about wildlife health raised 

by elders and community leaders during a regional meeting (Brook et al., 2009). 

Information gathered in the Sahtu through focus group interviews in 2005 (Kutz et al., 

2009) provided essential context to understand the presence, or lack thereof, of winter ticks 

in the Sahtu. It is possible to gather valuable information by interviewing local people, 

however, there are disadvantages to such a method. The data rely on awareness of the 

interviewee and, unless the signs are remarkable, valuable information could pass 

unnoticed. Although clinical signs of moose infested with high numbers of winter ticks are 

easily recognized in the field, these signs are generally more evident in late spring when 

moose are infested with adult stages (Mooring and Samuel, 1999), thus ticks in the earlier 

developmental stages (larvae and nymphs), could be overlooked even by the most 

experienced hunter.  

There are several alternative methods to determine the occurrence of ticks. 

Currently, the most popular techniques for tick surveillance are classified into two major 

categories: (1) methods, such as flagging and carbon dioxide-baited traps, to detect ticks in 

the environment during free-living stages and (2) methods that involve collecting ticks 

from the host through manual removal or through chemical digestion of hides in potassium 

hydroxide (KOH) (Ginsberg and Ewing, 1989). The flagging technique consists of 

dragging a large white piece of cloth (usually flannel) over the habitat in search for ticks 

(Ginsberg and Ewing, 1989) and the carbon dioxide-baited traps involve placing dry ice 

into a sealable container with a small aperture to attract ticks (Ginsberg and Ewing, 1989). 
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Both techniques have been used either alone or in combination to study the ecology of 

several species of ticks such as Ixodes scapularis Say 1821 (Acari: Ixodidae) and 

Amblyomma americanum (Linnaeus, 1758) (Acari: Ixodidae) (Ginsberg and Ewing, 1989). 

However, for winter ticks these techniques are not practical for several reasons. In addition, 

these methods can be logistically demanding and impractical for tick surveillance in vast 

and remote areas such as the Sahtu. Manually removing tick specimens from the parasitized 

host for species identification gives accurate information about which tick species are 

occurring in the region, but this method has poor sensitivity, especially for detecting larval 

or nymph stages. It is also impractical for wild species as it is only possible when animals 

are under sedation or dead. Chemical digestion of hides in KOH has been used in many 

studies for winter tick detection (Addison et al., 1979; Drew and Samuel, 1985; Samuel, 

1989; Welch and Samuel, 1989) and has advantages over the manual removal of ticks 

because earlier stages of ticks are better detected with chemical digestion of hides. 

However, chemical digestion of hides also has its limitations as it is costly, logistically 

challenging, and it is possible only in dead animals. Given that hunters in the Sahtu were 

already hunting for subsistence, the approach taken by this research was to collect moose 

and caribou hides by collaborating with hunters and chemically digesting these hides in 

KOH, to determine the occurrence of winter ticks in the Sahtu. In Chapter 2 of this thesis, I 

will describe the methods used and the results obtained, the insights about winter tick 

distribution, and discuss the advantages and disadvantages of using hunter-based collection 

for winter tick surveillance.  
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Alternative method for tick surveillance – Serology 

Despite its efficacy, the costs, labour, and the logistics involved in performing 

chemical digestion of hides are very high, which may make this technique unfeasible for 

many studies. I, therefore, tested the feasibility of developing an assay to detect tick 

exposure in sera, using cattle as a model species. Serum samples from woodland and 

barrenground caribou from the Sahtu and from southern regions of the Northwest 

Territories were available from the Department of Environment and Natural Resources, 

Government of Northwest Territories serum bank, and thus, if a serological assay was 

available, these samples would be ideal for evaluating historical and contemporary 

occurrence of D. albipictus across many locations in the Northwest Territories. The vast 

literature dedicated to study host-parasite immunity (Wikel, 1982; Brown, 1988a; Dipeolu 

et al., 1992; Wikel, 1996; Cruz et al., 2008; Lysyk et al., 2009) highlighted the possibility 

of developing a serodiagnostic tool to detect winter tick exposure in caribou sera. In this 

study, the process of developing a serological assay for tick surveillance involved rearing 

winter tick colonies to challenge captive reindeer (Rangifer tarandus tarandus) and 

domestic cattle (Bos taurus), collecting sera from these challenged animals, determining the 

tick antigen, identifying potential candidate antigens for a serological assay, and testing 

these sera through Western blot analysis. The detailed process of this experience including 

the challenges, the troubleshooting trials, the results, and the insights for future studies are 

described in Chapters 3 and 4 of this thesis.  
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Study objectives 

My research was developed under the umbrella of an ongoing Wildlife Health 

Monitoring Program initiated in 2004 after a regional workshop meeting co-hosted by the 

Government of Northwest Territories and Sahtu Renewable Resources Board in 2002. In 

this meeting, elders and community leaders from the Sahtu raised their concerns about 

wildlife health, food safety and future challenges for their communities under climate 

change scenarios (Brook et al., 2009). In addition, the increased reports of ‘ghost moose’ in 

the region (Kutz et al., 2009) led to the initiation of this study and to intensifying efforts for 

winter tick surveillance on both moose and caribou in the Sahtu.  

The first objective of this study was to confirm the occurrence of winter ticks in the 

Sahtu by using hunter-based sample collections and chemically digest these moose and 

caribou hides in KOH to search for ticks. In Chapter 2, I will describe in detail the findings 

of this study and the insights about winter tick distribution range across the Sahtu.  

The second objective of this study, which is described in Chapters 3 and 4, was to 

test the feasibility of developing a serodiagnostic tool for tick surveillance. In Chapter 3, I 

describe the use of reindeer as an experimental model for winter tick studies, and in Chapter 

4, I investigate the use of Western blot analysis as a substitute method to overcome the 

challenges encountered in chemical digestion of hides. 

Finally, in Chapter 5, I discuss the significance of my research in a broader context, 

evaluating the importance to continue monitoring the emergence of D. albipictus in the 

Sahtu, share the knowledge gained throughout this experience, and provide 

recommendations for future studies.  
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CHAPTER TWO 

HUNTER-BASED APPROACH TO DETERMINE THE OCCURRENCE OF DERMACENTOR 

ALBIPICTUS (PACKARD, 1869) (ACARI: IXODIDAE) IN THE SAHTU SETTLEMENT AREA, 

NORTHWEST TERRITORIES, CANADA  
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INTRODUCTION 

Dermacentor albipictus (Packard, 1869), the winter tick, is a one-host ixodid tick 

(i.e., requires a single host during its parasitic stage) of wild ungulates in North America 

(Samuel and Welch, 1991; Welch et al., 1991). This parasite has a seasonally synchronized 

life cycle. Hosts become infested with winter tick larvae during autumn. Larvae develop 

into nymphs, and then into adults, parasitizing the host until late spring when engorged 

females drop onto the ground to lay eggs (Addison and McLaughlin, 1988; Aalangdong 

and Samuel, 2001). 

Moose (Alces americanus sspp.) are the most commonly and the most severely 

affected ungulate host (Addison et al., 1979; Welch et al., 1991; Mooring and Samuel, 

1999), with reports of an individual moose being parasitized with over 100,000 ticks 

(Samuel and Welch, 1991). Such massive infestations cause deleterious effects on the 

fitness and health of the host (e.g. poor body condition and anaemia due to tick feeding), 

and can lead to mortality of heavily infested animals (McLaughlin and Addison, 1986; 

Musante et al., 2007; Samuel, 2007). The most common clinical signs in heavily infested 

moose include damage of the guard hair and extensive alopecia often starting from neck 

and shoulders area (Welch et al., 1990a; Musante et al., 2007). These signs are caused by 

self-grooming to remove ticks and affected moose are often called ‘ghost moose’ (Mooring 

and Samuel, 1999). 

In the late 1980s, winter ticks were known to occur only as far north as 62° N 

(Samuel, 1989); however, more recently, residents in the Sahtu Settlement Area (referred 

further as Sahtu), Northwest Territories (NT), reported sightings of ‘ghost moose’ in the 
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region (Kutz et al., 2009). These observations at 64 to 67o N exceed considerably the 

northern limit suggested by Wilkinson (Wilkinson, 1967) and the reports of ghost moose by 

Samuel (Samuel, 1989) at 62o N, highlighting the possibility of a relatively recent winter 

tick range expansion to northern latitudes. This apparent range expansion could have 

consequences both for the health of moose and woodland caribou (Rangifer tarandus 

caribou (Gmelin, 1788)), which are sympatric in the Sahtu, and may ultimately pose a risk 

for winter ticks to invade barrenground caribou (Rangifer tarandus groenlandicus 

(Borowski, 1780)) populations. Considering the negative consequences of D. albipictus 

infestation for moose (McLaughlin and Addison, 1986; Musante et al., 2007; Samuel, 

2007), and the apparent range expansion of winter ticks to northern latitudes, confirming 

the presence through actual isolation of the parasite in the region was of utmost importance.  

The objective of this research was to assess the occurrence of D. albipictus on 

moose and barrenground caribou from the Sahtu Settlement Area, NT by engaging 

subsistence hunters in sample submission.  

MATERIALS AND METHODS 

Hunter-based sample collections 

This study was carried out from September 2010 to May 2012 in the Sahtu 

Settlement Area, NT (Figure 2.1). In September 2010, consultation meetings were held 

with local hunters in the communities of Fort Good Hope (66° 15' 24" N, 128° 37' 59" W) 

and Colville Lake (67° 1' 59" N, 126° 7' 00" W) to introduce the research and to encourage 

hunter participation in the study. As a component of an ongoing community-based Wildlife 

Health Monitoring Program, hunters were asked to collect whole hides from harvested 
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animals for tick surveillance, and other biological samples for health assessment using 

sample kits provided by the study. The sample kit consisted of labelled Ziploc bags$ to 

place the collected samples, three sets of Nobuto filter papers (Toyo Roshi Kaisha, Ltd., 

Tokyo, Japan; distributor Advantec MFS Inc., Dublin, CA, USA) for blood collection 

(Curry, 2009), two Tyvek$ tags to record information (hunter’s name, hunt location, 

animal’s age class and sex), and a sheet with instructions on how to collect samples, all 

inside a large durable nylon bag. A complete sample kit would include the whole hide, 

entire left kidney with fat, piece of the liver, faecal samples, metatarsus bone, incisors, and 

blood on filter papers (Figure 2.2). For each complete sample kit, hunters would receive 

financial compensation ($400 for complete sample kit and hide of moose, and $200 for 

complete sample kit and hide of caribou) in recognition of their efforts. Hunters were asked 

to concentrate sampling efforts especially from September to May, period of which winter 

ticks were known to be parasitizing the animals.  
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Figure 2.1. Map demonstrating the location of the Sahtu Settlement Area, in Northwest 
Territories, Canada. Red line represents Sahtu boundaries.  

 

 
Figure 2.2. Complete biological samples requested from hunters while harvesting for 
subsistence included hides, blood on filter papers, incisors, faecal samples, piece of liver, 
left kidney with fat, and left metatarsus with a tag containing information about hunter’s 
name, collection date, and hunting location.  

!
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In September 2010, 40 sample kits were provided to the local Renewable Resources 

Council (RRC) office in Fort Good Hope, and five sample kits were given directly to a 

hunter in Déline (65° 11' 20" N, 123° 25' 14" W). In February 2011, a second consultation 

meeting was held in Fort Good Hope and Déline, 25 additional sample kits were provided 

to the RRC in Fort Good Hope, 22 were deposited in Déline, and 10 at the Environment 

and Natural Resources (ENR) office in the community of Tulia (64° 54' 06" N, 125° 34' 

40" W). Sample kits were also left at the ENR office in the town of Norman Wells (65° 16' 

54" N, 126° 49' 45" W) in case hunters from this community were interested in 

participating in the study. No sample kits were deposited at the community of Colville 

Lake, as the hunters from this community did not engage with the research. 

Once samples were collected in the field, hunters submitted the samples to their 

local RRC or ENR office and received the financial compensation. Samples were then 

directed to the ENR office in Norman Wells, shipped to the Spy Hill Campus, Faculty of 

Veterinary Medicine of the University of Calgary (UCVM) either by air cargo or ground 

transportation, and kept at -20°C in a walk-in freezer until they were analyzed.  

Hide sampling method  

Hides were thawed overnight, stretched to their normal shape, and measured in 

length and width to estimate the total area. The ratio of length: width was calculated and this 

ratio was used to estimate width for the hides missing measurement, and then used to 

calculate the area of the hide. Each hide was sampled at predilection sites for winter tick 

attachment (Addison et al., 1979), at Neck, Shoulders, and at the Base of the Tail (Figure 

2.3). Within each area, five sections of 400 cm2 (Section A and B (Neck area), Sections C 
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and D (Shoulders area), and E (Base of the Tail)) were sampled and sub-divided in four 

quadrants of 100 cm2, totalling 20 quadrants per hide. The total area (in cm2) sampled per 

hide was 2,000 cm2 (400 cm2 x 5 sections), corresponding to about 10 and 15% of the total 

hide area of the moose and caribou hides, respectively. After sampling was complete, each 

quadrant was placed individually in a Ziploc$ bag and kept frozen at -20°C until digestion in 

potassium hydroxide (KOH). 

 

 
Figure 2.3. Method used for sampling moose (Alces americanus andersoni) and 
barrenground caribou (Rangifer tarandus groenlandicus) hides collected from the Sahtu 
Settlement Area, NT. All sections (A, B, C, D and E) had a measurement of 10 x 40 cm 
(400 cm2) and each of these sections was sub-divided into four subsections containing 4 
quadrants of 100 cm2, resulting in a total of 20 quadrants per hide. Sections A and B 
corresponded to the Neck area, sections C and D to the Shoulders Area, and Section E to 
the Base of the Tail.  
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Chemical digestion of hides 

The hide quadrants of 100 cm2 were thawed overnight at 4°C and visually inspected 

for broken hair or hair loss, and presence of ticks. The excess muscle and connective tissue 

was manually removed from the hides using a scalpel blade to facilitate the digestion 

process and to reduce digestion time. Each quadrant was placed in 1,000 ml Erlenmeyer 

flask containing a preheated solution of KOH (19.85 g of KOH dissolved in 500 ml of 

distilled water), which was then placed into a water bath at 95°C until no tissues were 

grossly observed at the bottom of the flasks. The digestion time was recorded starting at the 

time when the flasks were placed into the water bath until no more tissues were observed. 

After the digestion was complete, the solution was sieved through a 150µm sieve and the 

material retained was gently washed with tap water into a Petri dish, and then examined for 

ticks under a dissecting scope at 10x magnification. 

When present, the ticks were counted, classified according to the developmental 

stage (larvae, nymphs, or adults), identified to species (Brinton et al., 1965), and preserved 

in vials containing 95% ethanol. A sub-sample of the ticks recovered from each infested 

host was deposited at the United States Department of Agriculture National Parasite 

Collection (USNPC No. 106181, 106182, 106183, 106184, and 106185). 

Other ectoparasites and unidentified free-living arthropods found in the hide digests 

were preserved in 95% ethanol but separated from the ticks for further identification 

(Appendix A). 



 35!

Data analysis  

The total number of ticks per hide, and the mean and median number of ticks 

observed per quadrant were calculated. The density of ticks for each quadrant was 

calculated by dividing the total number of ticks by its area (100 cm2). The Chi-square (!2) 

test was used to determine if the observed and the expected frequency of ticks was the same 

across sampled sites in an individual animal. For this analysis, rather than analyzing each of 

the five sections (A, B, C, D, and E) separately, the hide was divided in three main sampling 

areas (Neck, Shoulders and Base of Tail) and the frequency of ticks in these locations were 

then compared. Since there were unequal numbers of quadrants among sampling areas, the 

expected frequency established for the Chi-square analysis was 40% for Neck, 40% for 

Shoulders and 20% for Base of the Tail Section.  Chi-square analysis was also performed to 

compare occurrence of different tick developmental stages across sampling areas (Neck, 

Shoulders, and Base of Tail) within an individual animal.  

RESULTS 

Hunter-based sample collections 

From September 2010 to May 2012, samples from a total of 45 moose and 25 

barrenground caribou were collected through hunter-based collections in the Sahtu. The 

majority of moose samples including hides and sample kits collected were from the Fort 

Good Hope area (n=39). Moose hides were collected from Tulita and Norman Wells, but no 

other biological samples requested in the sample kits were collected from these 

communities. Specific to barrenground caribou, hunters from Déline were the main 
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contributors of caribou hides (n=25), but seven of these 25 samples were missing sample 

kits (Table 2.1). 

Table 2.1. Number of moose hides and sample kits collected by community according to 
the year of collection in the Sahtu Settlement Area, NT. No sample kits were collected from 
Tulita and Norman Wells, and no sample kits or hides were collected from Colville Lake. 
All 25 barrenground caribou samples were collected from Déline in 2011. 

Year Fort Good Hope Déline Tulita Norman Wells 

2010 11/16* 1/1 0 0 

2011 13/17 2/2 1/0 1/0 

2012 0/6 0 1/0 0 

Total 24/39 3/3 2/0 1/0 

* Number of hides/number of sample kits collected 

Complete sample kits included the hide and all biological samples of the harvested 

animal (as shown in Figure 2.2), and information about hunting location, hunter’s name, 

animal’s age class and sex, and overall health status, however, data and samples were 

missing from several submissions. Moose hides were missing for 15 of the 45 (33%) 

submitted kits, information about hunting location was missing in 20/45 (44%), and 

hunter’s name was missing in 20/45 (44%) of the moose kits collected. Thus, for these 

hides missing information, the hunting location was recorded as the community from which 

they were submitted. Sample kits were missing in seven of the 25 barrenground caribou 

hides submitted, but all caribou hides had information about hunting location. The 

community of Fort Good Hope had the largest number of participants (n=10), followed by 

Déline (n=3), Tulita (n=2), and Norman Wells (n=1).  
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Chemical digestion of hides 

The estimated mean area and the standard deviation of a moose hide was 2.30 m2 

(SD±0.67 m2), and for barrenground caribou was 1.34 m2 (SD±0.19 m2). On average, the 

sampled area corresponded to 10% (SD±2%) and 15% (SD±3%) of the total area of the 

moose and caribou hides, respectively. A total of 600 moose and 500 barrenground caribou 

hide sub-sections of 100 cm2 were digested, and on average, moose hides were fully 

digested in 264 (SD±41) minutes, and barrenground caribou in 170 (SD±62) minutes.  

Dermacentor albipictus were found in five of 30 (16.6%) moose hides examined: 

two were from Déline, two from Tulita and one from Fort Good Hope (Figure 2.4 and 

Table 2.2). All 25 barrenground caribou hides digested in this study were negative for ticks.  
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Figure 2.4. Map with northern limit of winter tick distribution suggested in Wilkinson’s 
model in 1967 based on degree-days. Dashed line represents historical observations of 
clinically affected moose by Samuel (1989) and cross represent recent reports of ‘ghost 
moose’ (green cross) and reports of woodland caribou affected with winter ticks (pink 
cross) by Kutz (2009) in the NT. Red starts represent moose hides positive for winter ticks 
after analysis of hide digests and black starts represent negative moose collected from the 
Sahtu Settlement Area, NT. Black squares represent negative barrenground caribou hides.  
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Table 2.2. Geographic coordinates and collection date of moose hides positive for winter 
ticks according to the community in the Sahtu Settlement Area, NT. 

Animal 
ID 

Collection 
date 

Community Location Latitude Longitude 

WT42 October 2nd 
2010 

Déline Great Bear 
River 

65° 01' 41"N 123° 51' 19"W 

WT1029 October 12th 
2011 

Déline Bennett Field 
(by Great 

Bear River) 

65° 01' 48"N 124° 39' 00"W 

WT1003 February 
2011 

Tulita Gaudet Island 64° 32' 59"N 125° 34' 47"W 

WT1012 Unknown 
2011 

Fort Good 
Hope 

Fort Good 
Hope 

66° 09' 09"N 128° 22' 47"W 

WT1037 March 20th 
2012 

Tulita 18 mile Island 
(south side) 

65° 06' 59"N 126° 20' 20"W 

 

Data analysis 

 The overall mean density of ticks of all positive animals was 0.94 (SD±1.09) 

ticks/cm2. The density per individual quadrant in these animals ranged from zero to 6.19 

ticks/cm2 (Table 2.3). The percentage of tick developmental stages varied considerably 

among animals (Figure 2.5), with the highest percentage of nymphs recovered from 

animals WT1029, WT1003, and WT1012. Animal WT42 was predominantly parasitized 

with larvae and animal WT1037 with adult ticks. Broken hair and alopecia was observed in 

animal WT1037, but was not observed in hides from animals infested with earlier tick 

stages. 
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Table 2.3. Total number of ticks found in samples of moose hide from the Sahtu Settlement 
Area, Northwest Territories, Canada. Each hide had 20 quadrants of 100 cm2 sampled, 
corresponding to a total of 2,000 cm2. 

Range / 
quadrant 

Animal ID Total number 
of ticks / hide 

sampled 

Mean (±SD)/ 
quadrant 

(n=20) 

Median / 
quadrant 

(n=20) Min Max 

Tick density 
(ticks/cm2) 

WT42 34 1.7  
(±2.2) 

1.0 0 7 0.017 

WT1029 1,211 60.5 
 (±46) 

51.5 8 151 0.605 

WT1003 3,406 170.3 
(±99.2) 

152.5 36 388 1.703 

WT1012 3,863 179.3 
(±157.1) 

146.0 17 619 1.793 

WT1037 1,170 58.5 
(±27.2) 

55.0 20 115 0.585 

Total 
   

  0.940 

 
 

 

 
Figure 2.5. Percentage of each tick development stage observed on individual moose hides 
collected from September 2010 to May 2012 in the Sahtu Settlement Area, Northwest 
Territories, Canada. 
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The observed frequency of ticks in each sampling area (Neck, Shoulders, and Base of Tail) 

differed (p<0.001) from expected frequency on each individual animal; however, there was 

no consistent pattern across animals (Table 2.4, Figure 2.6). That is, for animal WT1012, 

the frequency of ticks was higher in the Neck section, but that was not true for all animals. 

Two animals were parasitized with higher number of ticks in the Shoulders (WT1003 and 

WT1037), one animal had higher number of ticks at the Base of Tail (WT42) and another 

animal had higher than expected numbers in both Shoulders and Base of the Tail 

(WT1029). 

 The observed frequency of different tick development stages in each sampling area 

also differed (p<0.001) from expected within an individual animal; however, once more, 

there was no consistent pattern across animals (Table 2.5). For animals WT1029 and 

WT1003, nymphs were highly concentrated in the Shoulder area and for animal WT1012 

nymphs were more concentrated in Neck area.  
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Table 2.4. Chi-square ("2) analysis of the observed and expected frequency of winter ticks 
in each sampled section (Neck, Shoulders, and Based of Tail) according to the animal ID. 
Numbers in bold indicate the highest observed counts. 

Animal ID Sampling area Observed Expected Chi-square ("2)  
Neck 2 13.6 
Shoulders 9 13.6 

WT42 

Base of Tail 23 6.8 
Total  34  

"2 (2) = 50.044,  
p < 0.001 

Neck 143 484.4 
Shoulders 820 484.4 

WT1029 

Base of Tail 248 242.2 
Total  1211  

"2 (2) = 473.263,  
p < 0.001 

Neck 1348 1362.4 
Shoulders 1799 1362.4 

WT1003 

Base of Tail 259 681.2 
Total  3406  

"2 (2) = 401.741,  
p < 0.001 

Neck 2639 1434.8 
Shoulders 658 1434.8 

WT1012 

Base of Tail 290 717.4 
Total  3587  

"2 (2) =1685.850,  
p < 0.001  

Neck 441 468 
Shoulders 579 468 

WT1037 

Base of Tail 150 234 
Total  1170  

"2 (2) = 58.038,  
p < 0.001  

 
 

 
Figure 2.6. Percentage of winter ticks observed in the hide digests in each of the sections 
(Neck, Shoulders, and Base of the Tail) according to animal ID.  

!
!
!
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Table 2.5. Results of Chi-square ("2) analysis by animal ID, and observed and expected 
frequency of ticks in each section (Neck, Shoulders, and Based of Tail) according to tick 
development instars (Larval stage: larvae and engorged larvae; Nymphal stage: nymphs and 
engorged nymphs; and Adult stage: adult male and females). The results without enough 
cases will not be presented.  

Animal ID Instars Sampling area Observed Expected Chi-square ("2)  
Neck 2 13.6 
Shoulders 9 13.6 
Base of Tail 23 6.8 

WT42 Larval stage 

 34  

"2 (2) = 50.044,  
p < 0.001 

Neck 12 34.4 
Shoulders 38 34.4 
Base of Tail 36 17.2 

WT1029 Larval stage 

 86  

"2 (2) = 35.512,  
p < 0.001 

Neck 131 449.6 
Shoulders 782 449.6 
Base of Tail 211 224.8 

WT1029 Nymphal stage 

 1124  

"2 (2) = 472.368,  
p < 0.001 

Neck 1345 1355.2 
Shoulders 1785 1355.2 
Base of Tail 258 677.6 

WT1003 Nymphal stage 

 3388  

"2 (2) = 396.222,  
p < 0.001 

Neck 2626 1428.4 
Shoulders 655 1428.4 
Base of Tail 290 714.2 

WT1012 Nymphal stage 

 3571  

"2 (2) = 1674.800, 
p < 0.001 

Neck 437 460.4 
Shoulders 570 460.4 
Base of Tail 144 230.2 

WT1037 Adult stage 

 1151  

"2 (2) = 59.558,  
p < 0.001 

 

DISCUSSION 

This study provides the first definitive evidence, based on recovery and 

identification of ticks, that D. albipictus occurs in the Sahtu Settlement Area. These 

findings confirm previous anecdotal observations of ghost moose reported by Kutz (2009).  
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Unlike other areas of winter tick occurrence where nearly all moose examined were 

infested with D. albipictus (Samuel and Welch, 1991), in this study only five of the 30 

moose hides examined (16.6%) were positive for winter ticks. Although the density of ticks 

observed in this study was lower (0.94 ticks/cm2) than in other provinces of western 

Canada (1.43 ticks/cm2) (Samuel and Welch, 1991), it was not statistically significant (One 

sample t test, p-value= 0.231). Nonetheless, it is important to consider that the number of 

ticks/cm2 in this study may not represent the actual density of ticks on the animal because 

the hides in this study were sampled at predilection sites of winter tick attachment, and 

because only 10% of the whole hide was sampled to search for ticks. Despite the limited 

sample size, the low sample prevalence (number of positive cases divided by the total 

samples tested) observed in this study may suggest recent invasion of this parasite in 

northern latitudes. In other regions of winter tick occurrence (e.g. provinces of Alberta, 

British Columbia, and Manitoba) the sample prevalence also appears higher than that 

observed in this study (Samuel and Welch, 1991).  

The low sample prevalence observed in this study could be associated with the low 

density and diversity of hosts, and/or a restrictive climate limiting development of free-

living stages of winter ticks in northern latitudes. Parasite abundance is linked to host 

availability (Arneberg et al., 1998), and in locations where the host density is low and less 

diverse, the survival and transmission of parasites (basic reproductive rate - Ro) may be 

limited, which could possibly be the case of winter ticks in the Sahtu. Moose occur at much 

lower densities (maximum recorded 0.16 moose/ km2) in the Northwest Territories than, for 

instance, in central Alberta, where density of moose is 7.5 times higher (1.20 moose/ km2) 

(Stenhouse et al., 1995). Yet, despite the lower density it is likely that moose are the main 
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host sustaining winter tick populations in the region as few alternative ungulate hosts 

species are available for winter ticks in the Sahtu– white-tailed deer (Odocoileus 

virginianus Zimmermann, 1780) and mule deer (Odocoileus hemionus Rafinesque, 1817) 

are extremely rare, and elk (Cervus canadensis (Erxleben, 1777)) are absent from the 

region (Veitch, 2001; Kutz et al., 2012). Woodland caribou are also susceptible to the 

winter ticks, but the role of this ungulate species in maintaining the parasite in the Sahtu is 

not known. 

In addition to host density, climate can also affect survival, development, and 

transmission of free-living stages of winter ticks at northern latitudes. However, under 

current climate scenarios, i.e., milder winters with earlier snow melt and later freezing in 

the fall, survival and transmission of free-living stages of D. albipictus in the Sahtu may 

increase. More specifically, engorged female ticks may encounter better conditions in late 

spring, produce more eggs, and larvae may persist longer in the environment, and thereby 

increase the risk of transmission to new hosts. Interestingly, even with the very limited 

number of positive cases, the results of this study suggest that winter tick instars are 

emerging at the similar time of the year as in other regions of Canada where winter ticks 

commonly occur (Addison and McLaughlin, 1988; Drew and Samuel, 1989). 

Insights about hunter-based sampling in the Sahtu 

Large-scale sampling, especially collection of valuable biological samples is very 

challenging in northern wildlife research due to limited access to resources, high costs for 

sampling, and logistics. Hunter-based approaches for caribou body condition and health 

assessment have been described for more than a decade in northern Canada (Kofinas et al., 
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2003; Lyver, 2005; Brook et al., 2009), but have been challenged by a lack of active 

community engagement in the research process (Brook and McLachlan, 2008; Curry, 

2009). Although challenges were encountered in hunter-based collections for winter tick 

surveillance in the Sahtu, without the hunter’s involvement, it would have been extremely 

difficult to have access to moose and barrenground caribou hides. The fact that this 

research was created under the umbrella of an ongoing Wildlife Health Monitoring 

Program facilitated acceptance and increased participation of hunters in the winter tick 

study. 

The inconsistency in data collection, however, hindered obtaining accurate 

information of the moose hide from Fort Good Hope that was positive for ticks. Based on 

this experience, there is certainly room for improvement in hunter-based collections in the 

Sahtu. Perhaps, a few adjustments of the sample kit to make it a more intuitive collection 

package would facilitate proper collection of biological samples and improve 

documentation of valuable data (e.g., hunting location, animal age, sex). In addition, 

intensive training of the new participants in the research and ongoing reinforcement of their 

knowledge about proper sample collection would result in more consistent and standardized 

biological samples. Nonetheless, despite these challenges, hunter-based sample collection 

is still the best approach to continue monitoring D. albipictus in the Sahtu because it allows 

engagement of local hunters in the research process and exchange of traditional and 

scientific knowledge. In addition, collection of moose and barrenground caribou hides 

would have been impossible without the participation of hunter and collaborators, and 

therefore, this approach is strongly recommended for future studies. However, it is 

important to emphasize that any program such as this that involves hunter-based collection 
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should include intensive training and ongoing reinforcement of their sample collection 

knowledge. On the other hand, it is also important to take into consideration that hunter-

based sample collection is a relatively new approach implemented in the Sahtu. Few 

hunters have the background in science and in scientific collection methods, thus 

inconsistency in collection would be expected during the initial learning process. 

Evaluations of hide sampling and chemical digestion of hides in KOH  

Hide sampling 

The use of chemical digestion of hides in KOH was fundamental to detect earlier 

stages of winter ticks, which are normally overlooked by naked eye. This technique has 

been effectively used for decades for winter tick surveillance (Addison et al., 1979; 

Samuel, 1989; Welch and Samuel, 1989; Samuel and Welch, 1991).  

The main goal of this research was to determine presence of winter tick in the 

Sahtu. Although digestion of the entire hide would be the most sensitive method for 

detecting ticks, this was not logistically or financially feasible. Instead, hides were sampled 

at tick predilections sites, as described in Samuel (2004). With the exception of one animal 

(WT42), all analyzed quadrants of the positive animals (WT1029, WT1003, WT1012, 

WT1037) had ticks, suggesting consistency among sites, at least with respect to detection 

(not density). Although it is not possible to be certain that the sampling strategy was 100% 

sensitive (i.e., no false negatives), it is likely that it provided a reasonable index of 

occurrence of winter ticks in the Sahtu.     

The process of sending entire hides to the University of Calgary and then sampling 

them at the predilection sites increased considerably the costs in transportation and also 
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challenged the logistics. It would have been more practical and cost-effective if sampled 

sections were sent for analysis instead of the entire hide, thus for future studies, the 

recommendation is to request hunters to focus hide sampling only at the Neck and the Base 

of the tail. It is likely that based on the results of this study one piece of 10x40 cm from 

each area would provide a reasonable index for winter tick presence and dramatically 

reduce the costs in transportation and facilitate the logistics in future studies. In addition, 

given that many people from the Sahtu still use moose and caribou hides for tanning and 

for traditional clothing, asking hunters to collect small pieces of hides would cause less 

damage on hide for tanning, which would probably make it hunters more willing to 

collaborate with the research and facilitate collection and transportation of the samples. 

This sampling method does not provide an accurate estimate of the actual density of 

ticks on the hide because the sampling was biased towards the predilection sites, and also 

because this sampling protocol only encompassed 10% of the whole hide. To obtain 

accurate estimation of the tick density, random sampling of at least 15% of half of a moose 

hide is recommended to reduce bias and increase accuracy between actual tick density and 

estimated tick density (Welch and Samuel, 1989).  

Chemical digestion of hides 

Despite its efficacy, the procedure of chemical digestion of hides was labour-

intensive and time-consuming. For example, the total time required to chemically digest all 

1,100 sub-samples of moose (n=600) and barrenground caribou (n=500) hides with 

approximately 7- 12 sub-samples digested per day, was 210,617 (SD± 68) minutes 

(approximately 3,500 hours). If there were an alternative method that has the same 
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detection capacity as chemical digestion of hides, but less time-consuming, the analysis of 

the samples would have been more efficient.  

CONCLUSION 

The results of this study show the first evidence of D. albipictus occurrence in the 

Sahtu Settlement Area based on recovery of ticks, and these reports represent the 

northernmost reports of D. albipictus distribution in Canada.  

Hunter-based sample collection was fundamental to have access to moose and 

barrenground caribou hides from the Sahtu. Even though inconsistency in sample and data 

collection hindered obtaining accurate information of these moose and caribou hides, it is 

still the best approach for surveying ticks in remote and vast areas such as the Sahtu. 
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CHAPTER THREE 

EXPERIMENTAL INFESTATION OF CAPTIVE REINDEER (RANGIFER TARANDUS TARANDUS 

LINNAEUS, 1758) WITH WINTER TICKS (DERMACENTOR ALBIPICTUS (PACKARD, 1869))  
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INTRODUCTION 

Dermacentor albipictus (Packard, 1869), the winter tick, is a one-host ixodid tick 

first reported on moose from Nova Scotia (Packard, 1869) but known to parasitize domestic 

cattle, horses and other wild ungulates species (Drummond et al., 1969). Moose (Alces 

americanus) are the most susceptible and the most severely affected host by D. albipictus 

(Welch et al., 1991). Clinical signs and pathology commonly associated with winter tick 

infestations on moose include extensive alopecia, anaemia due to tick feeding, poor body 

condition, and mortality of severely affected animals (McLaughlin and Addison, 1986; 

Musante et al., 2007; Samuel, 2007).   

Winter ticks are widely distributed across Canada, have the northernmost 

distribution among the Dermacentor species (Wilkinson, 1967), and their range appears to 

be expanding. Recent anecdotal reports of clinically affected moose as far north as the 

Sahtu Settlement Area in the Northwest Territories, suggested that D. albipictus was 

present in this area (Kutz et al., 2009). My subsequent work (Chapter 2), confirmed the 

occurrence of winter ticks on moose from this region in the Northwest Territories through 

recovery and identification of ticks in hide digests. These findings considerably exceed the 

previously suggested northern limit of winter tick distribution (Wilkinson, 1967), and raise 

a concern about the potential for this parasite to invade and establish on other sympatric 

ungulate species, such as woodland (Rangifer tarandus caribou (Gmelin, 1788)) and 

barrenground caribou (Rangifer tarandus groenlandicus (Borowski, 1780)).  

The impacts of winter tick infestations on hair coat, blood parameters, and body 

condition of moose are well documented (Glines and Samuel, 1984; McLaughlin and 
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Addison, 1986; Glines and Samuel, 1989; Welch et al., 1990a; Mooring and Samuel, 1999). 

Similarly, winter tick growth and development on moose and other ungulate species such 

as elk (Cervus canadensis (Erxleben, 1777)), mule deer (Odocoileus hemionus (Rafinesque, 

1817)), and white-tailed deer (Odocoileus virginianus Zimmermann, 1780) has been widely 

studied through experimental infestations (Drummond et al., 1969; Addison and 

McLaughlin, 1988; Drew and Samuel, 1989; Welch et al., 1991; Welch et al., 1991). In 

contrast, although it is known that Rangifer species are susceptible to D. albipictus in 

captive and wild situations (Welch et al., 1990b), little is known about the development and 

effects of ticks on these ungulate species.  

The purpose of this research was to develop an experimental reindeer-winter tick 

model that could be used to (1) produce winter tick-challenged sera from captive reindeer 

for further immunodetection studies, and to (2) investigate the growth and development of 

the winter ticks on captive reindeer.   

MATERIALS AND METHODS 

Winter ticks – rearing free-living stages under laboratory conditions 

Engorged female winter ticks were collected from a road-killed moose near Elk 

Island National Park, AB (53°36%11& N, 112°53%19& W) and transported on 18 of May 2010 

to the Veterinary Parasitology lab at the University of Calgary. Using double-sided tape, 

ticks were attached to a Petri dish for oviposition and these dishes placed into a plastic 

container with moist paper towel at room temperature (~23°C) (Figure 3.1) (Prata et al., 

1999). When oviposition was complete, i.e., female ticks were dead, the egg mass was 

transferred into 15 ml plastic test tubes (BD Biosciences, Mississauga, Ontario) with a fine 
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fabric mesh on top and kept at room temperature until hatched into larvae. These were then 

individually counted using a vacuum apparatus and placed into new plastic tubes 

containing 750 larvae/tube. Each tube was covered with a fine fabric mesh (Figure 3.2) and 

maintained at room temperature (~23°C) at 95% humidity until used to infest the reindeer 

calves.  

(A)     (B)  
Figure 3.1. Laboratory conditions under which the engorged female ticks were maintained 
to ovipost. (A): Engorged female winter tick attached to a Petri dish to ovipost and (B): 
Petri dishes with ticks inside a plastic container with moist paper towel.  

(A)      (B)  
Figure 3.2. Laboratory conditions under which winter tick eggs were kept for larvae to 
emerge. (A): Winter tick larvae in detail and (B): Conditions under which winter tick larvae 
were maintained until being used to infest the captive reindeer calves. 

 

Reindeer infestation 

On 20 of September 2010, before the experimental trial, four captive born and 

reared reindeer calves (two males and two females) between 5 to 6 months old were treated 

with subcutaneous (sc) administration of doramectin (200µg/kg) (Pfizer Animal Health, 



 54!

Pfizer Canada Inc, Kirkland, QC) to clear any pre-existing parasite infection or infestation. 

On 18 of November 2010, calves were separated from the herd and moved from the 

Wildlife Research and Teaching Facility to the Veterinary Sciences Research Station 

(VSRS) at the University of Calgary for this experiment. At the VSRS facility, reindeer 

calves were housed in individual outdoor pens allowing visual contact to each other to 

minimize stress, and monitored daily for health conditions. A week before the infestation, 

“tick cages” were placed on the back of the animals to ensure that the animals were adapted 

to the cages before exposing them to the ticks. The “tick cages” consisted of a stockinet 

sleeve (QMD Medical, Montreal, Quebec, Canada) glued with non-toxic contact cement to 

a shaved area on the back of the animal (LePage$ Pres-Tite$ Green Contact Cement) (Lysyk 

and Majak, 2003).  

Each animal had four regions (each 10 cm diameter) on the dorsal mid-line (two 

near the shoulders and two at the rump) in which the hair was shaved to a length of 

approximately 3 cm, and to which the cages were glued (Figure 3.3). On 26 of November 

2010, each calf was infested with 3,000 winter tick larvae equally distributed in four tick 

cages (750 ticks/cage) and with the top securely fastened with black Velcro$
 strips to 

prevent ticks from escaping. The main purpose of these cages was to facilitate tick 

collection by confining ticks to a small area and to prevent contamination of the facility 

where the animals were housed. Successive steps of the infestation procedure are fully 

described in Appendix B.  

Tick attachment success and development stage were monitored weekly from 

infestation (Day 0) until Day 153 post-infestation. Ticks were examined by parting the hair 
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along one 10 cm cranio-caudal and one 10 cm latero-lateral transect; attached ticks were 

counted, classified according to developmental instars, and recorded in the data sheet. 

              

 
Figure 3.3. Stockinet sleeves were attached with non-toxic glue along the midline of the 
back of the animal (two near shoulders and two at the rump area). Ticks were placed inside 
the sleeves and the top was securely fastened with black Velcro$

 strips. 
 

Re-infestation 

At 153 days after the initial infestation (29 of April 2011), each reindeer calf was 

re-infested with adult ticks collected from two culled moose (an adult male and a female 

calf) from Peace River, AB (56°14%89& N, 117°17%17&W). Each reindeer was infested with 

210 adult winter ticks (200 flat females and 10 adult males) that were equally distributed in 

two tick cages (105 total per cage). The four adult ticks observed (2 males and 2 females) 

from the initial infestation were not removed from the infested animals for the re-

infestation procedure. Tick attachment was monitored every other day and, once engorged, 
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female ticks were manually removed, kept in plastic tubes and transported to the laboratory 

for saliva extraction (Chapter 4).  

The experiment was terminated on 27 of May 2011 (29 days following the re-

infestation and 182 days since the initial infestation). All ticks observed in the cages on the 

animals at that point were manually removed. Calves were then visually inspected for ticks 

on other parts of their bodies, treated with subcutaneous administration of doramectin 

(200µg/kg) (Pfizer Animal Health, Pfizer Canada Inc., Kirkland, QC), and kept in 

quarantine for 42 days, when they were moved back to the Wildlife Facility to join the 

main research herd. All procedures described were in accordance with the University of 

Calgary Animal Use Protocol Guidelines (Protocol number: BI10R-14).  

Blood sample collection 

Blood samples were collected from the reindeer under manual restraint and by 

jugular venipuncture, starting at the day of infestation (Day 0), and continuing monthly 

until a year after the first exposure to winter ticks. Blood samples were collected in three 

Vacutainer red top glass tubes (10 ml) and in one Vacutainer purple top plastic tube (4 ml) 

containing Ethylenediaminetetraacetic acid (EDTA). In the laboratory, sera were separated 

from the whole blood by centrifuging the red top tubes at 3,000 rpm for 10 minutes, 

distributed in cryotubes of 1.5 ml, and stored at -20°C for future use in immunodetection 

trials. The blood sample containing EDTA was sent to IDEXX Laboratories for Complete 

Blood Count (CBC) analysis to investigate if there were any alterations on the blood cell 

counts due to experimental infestation.  
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RESULTS 

Winter ticks – rearing free-living stages in laboratory 

The oviposition period of the engorged females ticks collected from Elk Island 

National Part was from 21 of May to approximately 24 of June 2010 (35 days). Pre-

oviposition period could not be calculated because there was no information about the date 

when ticks were collected from the road-killed moose. Larvae were first observed on 28 of 

June and hatching was complete by 8 of July (11 days). 

Reindeer infestation 

A week after the initial infestation large numbers of larvae were dead inside the top 

of the stockinet sleeve. The first engorged larva was observed at 14 days post-exposure, the 

first nymph at 21 days, and the first adult tick (male) at 125 days after the initial infestation 

(Table 3.1 and Figure 3.4). At 146 days post-infestation, only four adult ticks (two males 

and two females) were recorded on reindeer. More ticks were observed and counted on 

Reindeer 1 and 2 than on Reindeer 3; no ticks were ever recovered from Reindeer 4 (Figure 

3.5). 

Table 3.1. Date and days after initial infestation of the first and last observations of tick 
development instars on four experimentally infested reindeer.  
Tick instars First observation  Last observation  
Engorged larvae 11 of December 2010 (14)* 18 of December 2010 (21) 
Un-engorged nymph 18 of December 2010 (21) 11 of March 2011 (104) 
Engorged nymph 18 of March 2011 (111) 25 of March 2011 (118) 
Adult male 1 of April 2011 (125) 29 of April 2011 (153) ++ 
Adult female 4 of April 2011 (146) 29 of April 2011 (153) ++ 
* Date (days after infestation) 
++ Date adult tick were last observed before re-infestation of reindeer   
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Re-infestation 

The experiment was terminated after 29 days following re-infestation and 182 days 

since the initial infestation. The first engorged female was observed 8 days (Day 161) after 

the re-infestation. A total of 35/802 ((200 x 4 animals) + 2 female ticks from initial 

infestation) of engorged female ticks was collected at the end of the re-infestation 

experiment (Figure 3.4). This number corresponds to only 4% of the initial number of 

females applied on all four reindeer for the re-infestation experiment. No information was 

collected about the attachment success of male ticks.  

Figure 3.4. Total number of tick observations recorded according to tick development 
instars in all infested reindeer throughout the experimental infestation.  
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Figure 3.5. Total number of ticks recorded, according to tick development instars and 
reindeer, throughout the experimental infestation.  

 

Blood sample collection 

 No significant alterations were observed in blood parameters of reindeer infested 

with winter ticks (Appendix C) when compared to ‘normal’ reindeer blood values available 

in literature (Timisjärvi et al., 1981; Nieminen and Timisjärvi, 2010).  

DISCUSSION 

Tick cages have been used for many decades on cattle, sheep, and rabbits to rear 

ticks (Gregson, 1966), but no studies have been previously done using this technique on 
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captive reindeer. This was the first study to use such methodology on captive reindeer for 

tick rearing and despite the long period (182 days) that the animals had to remain with the 

tick cages in place, the animals did not seemed uncomfortable with the tick cages and they 

did not try to remove the cages by grooming. One of the concerns of keeping the tick cages 

for such a long time was the occurrence of dermatological reaction to the contact cement; 

however, no such reactions were observed at the tick placement sites throughout the 

infestation, likely because the tick cages were attached to the partially shaved hair and not 

directly to the skin. Because the cages were glued to hair, and because of the long 

infestation period, the tick cages did require constant maintenance to ensure they were 

properly attached on the back of the animals. Despite these challenges, the use of this 

technique is still strongly recommended for future studies with reindeer. Very few adult 

ticks (2 females and 2 male) were recovered after the initial infestation and, likely, the 

visualization of this small number was possible because the tick cages limited the 

movement of these ticks.  

Insights about experimental winter tick infestation on captive reindeer  

The causes of the high larval mortality after the initial infestation are not clear; 

however, this likely had a major impact on the total number of ticks recovered. Several 

factors such as the subcutaneous administration of doramectin (Pfizer Animal Health, 

Pfizer Canada Inc, Kirkland, QC) before infestation, viability of the tick larvae, the number 

of ticks used to infest the reindeer, and even the host susceptibility could have possibly 

influenced for these results.  
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Doramectin is an endectocide drug that belongs to the group of the avermectins with 

a wide spectrum activity (Lifschitz et al., 1999; Kanbur et al. 2008). Avermectins are 

products derived from the fermentation of the fungus Streptomyces avermitilis with great 

antihelminthic and insecticidal proprieties. Ivermectin and abamectin also belong to this 

group and are commercially available in several formulations for veterinary use. 

The persistence of the drug in the sera and its efficacy varies with the route of 

administration. For example, serum concentrations of a single subcutaneous administration 

of a long-acting formulation of ivermectin (630µg/kg) in cattle remained above the 

threshold necessary to control feeding ticks ('8 parts per billion) for 42.6 days (Davey et 

al., 2010). In another study, ivermectin was detected in cattle sera (> 5ng/ml) after 27.5 

days of intramuscular and subcutaneous administration (Lifschitz et al., 1999). More 

specifically, for the reindeer, serum concentration of ivermectin was still detectable, but 

close to zero, after 21 days of topical (500µg/kg), oral (200µg/kg) and subcutaneous 

(200µg/kg) administration (Oksanen et al., 1992). Even though it is likely that after 67 days 

the serum concentration of doramectin would be close to zero as observed by Oksanen et 

al. (1992), it is difficult to affirm with confidence if in this study the high larvae mortality 

was associated with the administration of doramectin before infestation, as sera 

concentration was not measured.  

A positive correlation between the response time of winter tick larvae to host 

stimuli and the progression of the transmission season has been previously reported 

(Samuel et al., 2000). That is, the later in the transmission season, the longer the response 

time (in seconds) of winter tick larvae to host stimuli (CO2 and thermal stimuli). This 

correlation appears to be associated with the depletion of energy reserves, and increase in 
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reaction time to stimuli, and decrease success in infesting a host as larvae become older 

(Samuel et al., 2000). This could be a possible explanation for the high larval mortality and 

low attachment rate in this study. The larvae used in this experiment were 4 months old and 

the infestation was done late in the season (26 of November 2010).  

Furthermore, Samuel et al. (2000) showed a negative association between cold 

temperatures and the response time of larvae to host stimuli, i.e., the lower the temperature 

the longer was the response time of larvae from inactive to active state (Samuel et al., 

2000). Hence, another reason for the high mortality observed in this study could be related 

to the exposure of tick larvae to cold temperatures after being placed on the reindeer. That 

is, before infestation, larvae were maintained in the laboratory at room temperature (~23°C) 

and then, approximately 30 minutes after the infestation procedure, which was also done at 

room temperature, reindeer were moved to outside pens. The mean ambient temperature at 

the date of the infestation (26 of November 2010) was 0.8°C, with the maximum and the 

minimum temperature 5.6°C and -4.0°C, respectively (National Climate Data and 

Information Archive, Environment Canada), thus larvae may have experienced subzero 

temperatures and died before reaching the host skin. The initial assumption was that the 

remaining hair inside the tick cages would protect the ticks from the extreme temperatures 

during winter, but it is hard to measure if the hair had any influence in protecting them or if 

it was more an obstacle for the ticks to reach the skin. 

The total number of winter tick larvae used in this experiment was lower than the 

numbers used in other experimental studies with cattle, moose, or other ungulate species 

(Drummond et al., 1969; Addison and McLaughlin, 1988; Drew and Samuel, 1989; Glines 

and Samuel, 1989; Welch et al., 1990a; Welch et al., 1991). It is thus not surprising to have 
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recovered a small number of ticks at the end of this experimental study. In a study by 

Welch (1991), after infesting a moose with 52,900 winter tick larvae, only 8% (4,217) were 

recovered as engorged females, and only a few males and partially engorged females were 

recovered from a white-tailed deer infested with more than 17,000 winter ticks. Perhaps, if 

a greater number of winter tick larvae were administered on each reindeer, the total adults 

ticks recovered at the end of this experiment would have been higher. However, it is 

important to highlight that Welch (1991) exposed the whole body surface of the animal to 

ticks and thus could use a larger number of ticks than if they were confined to only a few 

cages. Because this study was the first to experimentally infest captive reindeer with winter 

ticks, a more conservative approach was taken by using a lower number of ticks and by 

restricting these ticks in cages. This, together with high mortality of larvae, may have 

contributed to the outcome of this experiment.  

In regards to the re-infestation, a very small number of engorged female ticks were 

recovered at the end of the experiment. It is difficult to determine if the interruption in 

feeding of the adult ticks and the time these ticks spent in the laboratory under controlled 

conditions before being placed on the reindeer had any influence on their attachment 

success on the reindeer. However, studies have demonstrated that female Rhipicephalus 

appendiculatus Neumann, 1901 (Acari: Ixodidae) ticks that had feeding interrupted for four 

weeks were still able to successfully re-attach to the second host, to reach engorgement 

weight and lay large egg masses similar to female ticks that did not have interrupted 

feeding (Wang et al., 1999), thus other factors are likely to have contributed to the recovery 

of such a small number of engorged female ticks.  
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Feeding, maturation, and fecundity of tick species are influenced by host species 

(Gregson, 1966; Addison and McLaughlin, 1988; Welch et al., 1991) and this may have 

played a role in the recovery of engorged female winter ticks in this study. For instance, 

females of Hyalomma rufipes Koch, 1844 (Acari: Ixodidae) are able to feed and engorge on 

dogs and rabbits, but these ticks only produce viable larvae if they are fed on ruminants 

(Gregson, 1966). More specifically for D. albipictus, engorged females recovered from less 

suitable hosts, such as mule deer and elk, were smaller in size at the end of experimental 

infestation than engorged females collected from moose (Welch et al., 1991). It is known 

that Rangifer tarandus ssp. are highly susceptible to winter ticks in captive situations; 

however, the suitability of reindeer as host for winter ticks in comparison to other ungulate 

species such as moose, elk, or white-tailed-deer has not been yet determined.  

Winter tick development on reindeer 

The growth and development of winter ticks in reindeer was consistent with the 

pattern observed in moose: short parasitic larval stage, prolonged nymphal stage (due to 

diapause), and observation of adult ticks from January to March (Addison and McLaughlin, 

1988). According to Addison and McLaughlin (1988), winter tick larvae moulted into 

nymph stages between 10 - 22 days after infestation, nymphs had a prolonged stage (22 – 

160 days after infestation), and the first adults were observed at 104 days post-infestation. 

Despite the low number of ticks recovered in this study, tick development could be 

followed throughout the experimental infestation. On the experimentally infested reindeer, 

winter tick larvae were engorged by day 14 post-infestation, moulted into nymphs by day 

21, and the first adult observed was at day 125. Due to small number of ticks recovered in 

this study, the variability in the development of each tick instar could not be determined.  
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CONCLUSION 

This was the first study attempting to experimentally infest captive reindeer with D. 

albipictus and as with any first attempt, several lessons were learned throughout the 

process. Numerous aspects of the infestation procedure can be improved and some of these 

insights are shared in the following paragraph. 

First, withdrawing administration of doramectin before experimental infestation 

could prevent harm to ticks. Alternatively, if the doramectin administration is necessary to 

control other pre-existing arthropods or nematodes species, measuring the concentration of 

the drug in sera and making sure that it is below 8 ppb before infestation could minimize 

harm to ticks. Second, timing the experimental infestation earlier in the season with 

younger larvae may help reduce larval mortality at infestation, improve attachment rate, 

and consequently, increase number of recovered ticks. Also, housing the host in room 

temperature after infestation procedure until the tick larvae are acclimatized may possibly 

contribute to attachment success and establishment of tick larvae. 

Third, increasing the dosage of ticks administered on each reindeer may contribute 

to recovery of a higher number of adult ticks at the end of the experiment. Finally, 

administering ticks on the whole body of the animal instead of restricting them into tick 

cages would permit increasing the dosage of ticks and allow better distribution of the ticks 

on the animal.  
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CHAPTER FOUR 

WESTERN BLOT ANALYSIS TO INVESTIGATE THE ANTIBODY RESPONSE OF CATTLE (BOS 

TAURUS) EXPERIMENTALLY INFESTED WITH WOOD TICKS (DERMACENTOR ANDERSONI) 

AND WINTER TICKS (DERMACENTOR ALBIPICTUS) 
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INTRODUCTION  

Ticks are obligate bloodsucking parasites of mammals, birds, reptiles and 

amphibians (Anderson and Magnarelli, 2008) found worldwide, with great importance to 

veterinary and public health (Sonenshine et al. 2002). Ticks cause great health and 

economic impacts in wild species and domestic livestock (Brown, 1985; Frisch, 1999; 

Jongejan and Uilenberg, 2004) as vehicles of several bacterial, viral and protozoan 

diseases, and by causing severe dermatological reactions, increased grooming and altering 

foraging behaviour on animals due to tick feeding. Hence, methods for tick surveillance 

need to be sensitive and efficient to provide accurate information about tick occurrence in a 

cost-effective manner to allow better planning and management strategies for tick control. 

The currently available methods for tick surveillance can be classified into two 

major categories: (1) techniques that involve detecting free-living tick stages in the 

environment through flagging and carbon-dioxide-baited traps and (2) the methods that 

involve collecting ticks directly from the host either though manual removal or through 

chemical digestion of hides in potassium hydroxide (KOH) (Ginsberg and Ewing, 1989). 

These are classic methods and have been used efficiently by many researchers (Wilson et 

al., 1972; Ginsberg and Ewing, 1989; Jensen, 2000; Cançado et al., 2008; Kensinger and 

Allan, 2011); however, performing these techniques in vast and remote areas, such as 

northern Canada, can be logistically challenging, time consuming, and impractical in many 

situations. Alternative techniques could potentially reduce the costs related to logistics, 

particularly transportation, and thereby considerably increase the efficiency of the 

surveillance.  
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Serological diagnosis is a potential alternative method for tick surveillance. Hosts 

develop acquired immunity to ticks, and although there are many studies on the 

immunological responses to ticks (Kemp et al., 1986; Wikel, 1988; Pruett, 1999; Manzano-

Roman et al., 2006), there are few that apply this knowledge for tick surveillance (Canals et 

al., 1990). Canals et al. (1990) developed an enzyme-linked immunosorbent assay (ELISA) 

to detect specific antibodies in pigs infested with Ornithodoros erraticus (Lucas, 1849) 

(Acari: Argasidae). The technique was sensitive enough to detect infestations with as few 

as 10 ticks; however, it was low in specificity (Canals et al., 1990).  

Many factors related to the complexity of host immunity to ticks, such as the host 

species and host individual variability, duration of the immune response, variability in tick 

antigens among tick species and between feeding stages, may be hindering the development 

of a serodiagnostic tool and limiting the production of a protective and cost-effective 

vaccine to control ticks (Kemp et al., 1986; Ferreira et al., 1996; Cruz et al., 2008). 

Nonetheless, many researchers have detected host antibody response against tick extracts 

using common serological techniques such as immunodetection (known as Western blot) in 

laboratory experiments (Pruett et al., 2006; Cruz et al., 2008). This highlights the 

possibility of using this technique as an alternative method for tick surveillance. 

The objective of this study was to use Western blot to investigate antibody response 

of cattle after exposure to Dermacentor andersoni Stiles, 1908 (wood ticks) and 

Dermacentor albipictus (Packard, 1869) (winter ticks), and to determine which tick 

salivary proteins were consistently found to be immunogenic. I first compare and describe 

similarities and differences in salivary proteins of wood tick and winter tick. I then 

investigate cattle antibody response to tick salivary proteins in Western blot using a 
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colorimetric detection method, and then describe the troubleshooting trials and the 

optimizations attempted to find a protocol for chemiluminescence detection method.   

MATERIALS AND METHODS  

Production of tick-challenged sera  

Source of ticks 

Adult specimens of D. andersoni (wood tick) were obtained from a tick colony 

maintained at the Lethbridge Research Centre, Agriculture Agri-Food Canada (Lysyk and 

Majak, 2003). Tick larvae and nymphs were reared on domestic rabbits and held at 25oC 

and 95% relative humidity until they moulted to adults, which were then later used to infest 

bovine calves (Group 1). Adult specimens of D. albipictus (winter tick) were collected on 

10 of March of 2011 from two culled moose (an adult male and a female calf) from Peace 

River, Alberta (AB). Ticks were maintained at 10oC and 95% relative humidity for 

approximately two months and then used to infest bovine calves (Group 2) at the 

Lethbridge Research Centre.  

Cattle infestation 

Eight male Holstein calves (3-4 months old), naive to ticks, were housed 

individually in indoor pens at the Lethbridge Research Centre and separated into two 

groups of four animals to be experimentally infested with female wood ticks (Group 1) and 

female winter ticks (Group 2). Each calf had one tick cage attached on its back for the 

infestation procedure (detailed description of the tick cage placement on the back of the 

animal and infestation procedure is provided in Lysyk and Majak (2003) (Appendix B). On 
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11 of May 2011 (Day 0), the animals from Group 1 were exposed to 50 wood ticks each, 

and the Group 2 animals were exposed to 56, 56, 57, and 57 winter ticks (Table 4.1). The 

tick attachment success was monitored every other day and ticks were manually removed 

from cattle once they were engorged. On Day 14, the experiment was terminated and the 

ticks that were remaining on the animals manually removed.  

Blood samples were collected by jugular venipuncture on the day of infestation 

(Day 0) before exposure to ticks (Pre- = pre-exposure), and monthly, until three months 

post-exposure (P1= one month post-exposure, P2= two months, P3= three months post-

exposure to ticks). The serum samples were separated from the whole blood and stored at -

20oC until use. All protocols were in accordance with both the Canadian Council of Animal 

Care Guidelines and the Lethbridge Research Centre Animal Care Committee (Protocol 

number: LRC 1119).  

Table 4.1. Number of wood and winter ticks to which each cow was exposed in 2011.  
Tick species Number of ticks  Animal ID 

Dermacentor andersoni 50  Group 1: 117, 129, 136, 140 

Dermacentor albipictus 56, 56, 57, 57  Group 2: 115, 121, 124, 138 

 

Archived bovine sera 

Archived sera of 12 cattle exposed to wood tick were also available for use in this 

study. In 2009, 12 bovine calves, naive to ticks, were experimentally infested with adult 

wood ticks at the Lethbridge Research Centre for other research purposes. These animals 

were divided into four groups and infested with 25 (n=6), 50 (n=2), 100 (n=2), or 150 (n=2) 

adult wood ticks (Lysyk, personal communication) (Table 4.2) and in all cases ticks were 

left on the animals until 14 days post infestation. Blood samples from these animals were 
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collected before exposure to ticks (Pre-), and then monthly, until three months after 

exposure (P1, P2, and P3).  

Table 4.2. Number of wood ticks to which each cow was exposed in 2009. 
Tick species Number and Sex of ticks  Animal ID 

75 females and 75 males 915, 920 

50 females and 50 males 919, 931 
25 females and 25 males 926, 933 

 
Dermacentor andersoni 

25 females 923, 925, 929, 932, 941, 946 

 

Comparison of proteins present in wood tick and winter tick saliva using Sodium Dodecyl 

Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)  

Collection of tick saliva 

Saliva was extracted from partially engorged females immediately after ticks were 

removed from the experimentally infested animals. Each tick was weighed before saliva 

extraction and salivation was induced by injecting 10 µl per 100 mg of tick body weight of 

Dopamine solution (5mM dopamine hydrochloride (Sigma Life Science, SIGMA-

ALDRICH, St. Louis, Missouri, USA) in 0.9% sodium chloride solution) underneath the 

scutum of the tick (Kaufman, 1978). After injection, ticks were placed on their backs and 

attached onto a microscope slide using a double-sided tape. Under a dissecting microscope 

at 10x magnification, a capillary tube (10µl) was placed over the chelicerae and hypostome 

for saliva collection (Kaufman, 1978) (Figure 4.1).  
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(A)   (B)  

(C)   (D)  

Figure 4. 1 Procedure for tick saliva extraction. (A) Injection of 10µl of dopamine solution 
(5mM dopamine hydrochloride (Sigma Life Science, SIGMA-ALDRICH, St. Louis, 
Missouri, USA) in 0.9% sodium chloride solution) underneath the scutum of the engorged 
female tick; (B) Placement of the tick onto the microscope slide after dopamine injection; 
(C) Placement of the capillary tube on their mouthparts, and (D) detailed picture showing 
the location the capillary tube is placed for saliva collection.  
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Wood tick saliva was extracted from ticks collected from the experimentally 

infested cattle in 2011. Winter tick saliva was extracted from ticks collected from (a) two 

naturally infested moose (adult male and female calf) from Peace River, AB in 2011, and 

(b) ticks collected from the experimentally infested cattle and reindeer (Chapter 3) in 2011. 

The saliva collected from these ticks was categorized by tick species, D. andersoni or D. 

albipictus, and the host species to which they were attached, i.e., moose, reindeer or cattle. 

In each category, saliva from multiple ticks was pooled to standardize the protein 

concentration among samples, separated into aliquots of 100µl, and stored at -80oC until 

use. The protein concentration in tick saliva was measured using a commercially available 

protein assay kit (Bio-Rad DC Protein Assay kit, Bio-Rad, Hercules, California, USA) 

according to the manufacturer’s protocol.  

Tick saliva protein preparation 

In a 1.5 ml cryotube, one part of tick saliva (1 - 10µl) was diluted in a commercial 

sample loading buffer (Life Technologies - Invitrogen, Burlington, Ontario, Canada) as 

follows: 4 parts of Nu Page® LDS sample buffer, 10 parts of Nu Page® reducing agent, and 

1.5 part of molecular grade water. The top of the vial containing the samples was securely 

fastened with a Beaker Buddy boiling rack (USA Scientific, Ocala, Florida, USA) and 

placed into an 800 ml Beaker containing boiling water for 10 minutes. The vial was then 

removed from the beaker and the prepared sample was placed into a bucket containing ice 

until use.  
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Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)  

The prepared sample containing tick saliva protein was loaded (10µl/ well) in a 

gradient (4-12%) 10 wells SDS-PAGE gel (Nu Page® 4-12% Bis-Tris precast Mini-gels, 

Life Technologies - Invitrogen, Burlington, Ontario, Canada) and proteins in tick saliva 

were resolved for 35 minutes at 200V. To visualize the separated protein bands of the tick 

saliva, the gels were removed from the cassette and stained in Simply Blue# Safe Stain 

(Life Technologies - Invitrogen, Burlington, Ontario, Canada) for 15 minutes. Excess stain 

was removed by washing the gel with distilled water in gentle agitation until protein bands 

were clearly visualized. The gel was then digitalized using a scanner and saved as a picture 

format file (Experiment 1). The molecular weight of the protein bands observed in tick 

saliva was determined by visually comparing them to the molecular weight marker (Broad 

Range, Novex Sharp Pre-Stained Protein Standard, Bio-Rad).  

Optimization of Western blot to investigate antibody response of 2009 and 2011 sera after 

tick exposure  

The main purpose of Western blot analysis is to detect specific polyclonal 

antibodies reactive to proteins in a complex system. A Western blot procedure is composed 

of these subsequent steps:  

(1) Sample preparation – proteins in tick saliva 

(2) Separation of proteins in tick saliva using SDS-PAGE  

(3) Protein Transfer (from gel to a Nitrocellulose or PVDF membrane) 

(4) Blocking non-specific sites of antibody-binding with blocking solution 

(5) Wash away excess blocking solution  
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(6) Incubation with primary antibody (challenged sera – bovine sera exposed to ticks) 

(7) Wash away excess primary antibody 

(8) Incubation with secondary antibody (commercially available sera raised against 

challenged sera – goat antibody raised against bovine antibody and conjugated to 

Horseradish Peroxidase (HRP))  

(9) Wash away excess secondary antibody 

(10)  Incubation with substrate solution (that will react to enzyme (HRP) providing 

colour (colorimetric) or light (chemiluminescence) to the reaction 

(11)  Wash away excess substrate solution (only for colorimetric)  

(12)  Analysis of the results  

Detailed description of the procedure used in this study’s experiments is described below.  

Western blot of 2009 sera using colorimetric detection method  

Following SDS-PAGE (described above), the gel was equilibrated in Transfer 

Buffer (25mM Tris, 192 mM Glycine, 20% v/v Methanol) and the protein from the gel was 

transferred to a nitrocellulose membrane (0.45 mm pore aperture) using a wet-transfer 

system (Mini Trans-Blot$ Electrophoretic Transfer Cell, Bio-Rad, Hercules, California, 

USA) for one hour at 100V. After the protein transfer was complete, the membrane was 

placed into the blocking solution containing 3% Gelatin and gently agitated for one hour at 

room temperature and then washed three times for five minutes each in Tris-buffered saline 

(TBS) solution. The membrane containing tick saliva was then cut into several strips of 

approximately 0.5 cm wide, placed in a multi-channel tray and each, incubated with pre- or 

post-exposure sera (primary antibody) of the challenged animals (Animal ID 915, 919, 920, 

923, 925, 926, 929, 931, 933, 932, 941, and 946). Sera were diluted to 1:1,000 (1µl serum 
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and 1,000µl of Gelatin 1%) and incubated overnight at room temperature, and in gentle 

agitation (Experiment 2). Pre-exposure sera were considered as negative controls and 

compared to post-exposure sera to investigate for differences in protein bands. Different 

protein bands observed after exposure to ticks were assumed to be product of an antibody 

response to tick infestations.  

After incubation with cattle sera, the membrane strips were washed three times in 

TBS for five minutes each and incubated in secondary antibody solution – Goat anti-bovine 

IgG (Heavy and Light chains) conjugated to HRP (SouthernBiotech, Birmingham, 

Alabama) – at 1:10,000 dilution for one hour at room temperature (~23°C). Another 

vigorous wash (three times for five minutes each) with Tween 20 TBS (TTBS) followed 

the secondary antibody incubation. The membrane strips were then incubated for up to 30 

minutes with colorimetric substrate solution (Opti 4-CN#Substrate Kit, Bio-Rad, Hercules, 

California, USA) until signals (reaction of antibody with protein bands) could be 

visualized, washed with double distilled water for 15 minutes, and dried on filter paper. 

After the membrane was completely dry, it was digitalized, and stored in a plastic wrap. 

Western blot of 2011 sera using colorimetric and chemiluminescence detection method  

Colorimetric detection method 

The same procedure described for 2009 sera was performed for the 2011 sera, 

except that the serum samples of the animals tested were from Group 1 (Animal ID: 117, 

129, 136, and 140) and Group 2 (Animal ID: 115, 121, 124, and 138) (Experiment 3 and 4). 

In addition, wood tick saliva was resolved in SDS-PAGE to test the animals from Group 1 

(cattle exposed to wood ticks), while winter tick saliva was resolved in SDS-PAGE to test 
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Group 2 (cattle exposed to winter ticks). The concentrations of the primary antibody, 

blocking solution, secondary antibody incubation and washing times were similar to those 

described for 2009 sera.  

Chemiluminescence detection method 

For the chemiluminescence detection method, the protocol was similar to the 

colorimetric detection method; however, because it was more sensitive, several 

optimizations in blocking solution and changes in concentrations of primary antibody and 

secondary antibody were necessary.  

An initial experiment (Experiment 5) was performed with the colorimetric protocol 

using the same blocking solution and the same concentration of primary and secondary 

antibody, but instead using the chemiluminescence substrate solution (ECL Plus Western 

Blotting Detection Reagent, GE Healthcare, Mississauga, Ontario). The membrane strips 

were incubated in substrate solution for 5 minutes, covered with a plastic wrap, inserted in 

a film cassette and developed in a negative film in the dark room. Based on the results of 

that experiment, other trials were subsequently conducted to overcome the challenges 

encountered. Such experiments aimed at investigating the optimal antigen concentration 

(Experiment 6) by testing different concentrations of wood and winter tick saliva in SDS-

PAGE. In Experiment 7, the efficiency of two blocking solution Gelatin 3% and Super 

Block® Blocking Buffer (Thermo Fisher Scientific, Burlington, Ontario) were tested to 

reduce dark background and, based on results from previous experiments, complete trials 

with pre-and post-exposure sera from Group 1 and Group 2 were also conducted using 

chemiluminescence (Experiment 8 and 9). Even after these experiments, more 
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optimizations were still needed, which were testing different concentrations of secondary 

(Experiment 10) and primary (Experiment 11) antibody. Experiment 10 was conducted to 

investigate which dilution would be optimal to reduce dark background and to assess cross-

reactivity of antigen with secondary antibody, and Experiment 11 was performed to 

investigate the optimal dilution of primary antibody necessary to capture a clear signal 

(visualization of antibody reaction to protein bands). 

RESULTS 

Production of tick-challenged sera  

Cattle infestation 

At 14 days post-infestation, a total of 186 engorged female wood ticks, and 45 

engorged female winter ticks were recovered from the infested cattle.  

Comparison of proteins present in wood tick and winter tick saliva using Sodium Dodecyl 

Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)  

Collection of tick saliva  

A total of 186 partially engorged female wood ticks were collected from the cattle 

infestation and provided approximately 2.25 ml of saliva. A total of 342 engorged female 

winter ticks collected from two culled moose (n=297) from Peace River, AB, and from 

experimentally infested cattle (n=45) provided approximately 1.7 ml of tick saliva. The 

protein concentration tested using the protein assay kit (Bio-Rad DC Protein Assay kit, 

Bio-Rad, Hercules, California, USA) was approximately 2 mg/ml for winter tick saliva and 

4 mg/ml for wood tick saliva.  
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Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)  

Wood and winter ticks fed on cattle, moose and reindeer all had proteins with 

molecular weight of 70 kDa, 90 kDa, 110 kDa, and 210 kDa in their saliva extracts. 

Proteins with a molecular weight of 25 kDa were present in saliva from winter ticks, but 

not in saliva from wood ticks. Interestingly, proteins with the molecular weight of 15 kDa 

were observed in the saliva extracted from both wood and winter tick fed on cattle but not 

in the saliva extracts of ticks that fed on moose or reindeer (Figure 4.2 and Table 4.3).  

(A)        (B)  
Figure 4. 2. Experiment 1: Comparison of protein bands in wood tick and winter tick saliva 
stained with Simply Blue# Safe Stain. (A): wood tick and winter ticks fed on cattle; (B): 
winter ticks fed on moose and reindeer. Both species of ticks had salivary proteins at 70 
kDa, 90 kDa, 110 kDa, and 210 kDa, but only ticks fed on cattle had proteins at 15 kDa 
(black arrow). Salivary protein at 25 kDa was only present in winter tick saliva (red arrow).  
Specifications: Ladder: Broad Range (Novex Sharp Pre-Stained Protein Standard, Bio-
Rad), Antigen: Wood tick (8 µg saliva/well), winter tick (5.7 µg saliva/well); Pre-cast 4-
12% SDS –Page Gel stained with Simply Blue# Safe Stain. 
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Table 4.3. Experiment 1: Comparison of protein bands observed in wood tick and winter 
tick saliva in both SDS-Page Gel and Nitrocellulose membrane stained with Simply Blue# 
Safe Stain. 

Tick species  
(host) 

Wood tick saliva 
(Fed on cattle) 

Winter tick saliva 
(Fed on cattle) 

Winter tick saliva 
(Fed on moose and reindeer) 

210 210 210 
110 110 110 
90 90 90 
70 70 70 
- 25 25 

Molecular weight of 
proteins observed in 

SDS-Page 

15 15 - 

 

Optimization of Western blot to investigate antibody response of 2009 and 2011 sera after 

tick exposure  

Western blot of 2009 sera using Colorimetric detection method  

Sera from all animals (n=12) from 2009 sera reacted to tick salivary proteins at 30 

kDa, 35 kDa and 60 kDa in pre- and post-exposure sera. However, post-exposure sera of 

six animals (Animal ID 915, 919, 920, 925, 929 and 931) reacted also with tick salivary 

proteins at 40 kDa. The post-exposure sera of one animal (Animal ID 929) in particular, 

reacted to numerous tick proteins at three months (P3) after exposure to ticks (Figure 4.3, 

Experiment 2). 

Western blot of 2011 sera using Colorimetric and Chemiluminescence detection method  

Colorimetric detection method 

There was no difference among pre- and post-exposure sera in any of the cattle 

exposed to wood ticks and tested against wood tick saliva (Group 1), but similar to sera 
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from 2009, antibody reactions to tick salivary proteins at 30 kDa, 35 kDa and 60 kDa were 

observed in both pre- and post-exposure sera (Figure 4.4, Experiment 3). For Group 2, no 

difference was observed between pre- and post-exposure sera of the cattle exposed to 

winter ticks and tested against winter tick saliva; sera of experimental animals reacted to 

tick proteins at 25 kDa and 60 kDa in both pre- and post-exposure sera. The only distinct 

observation was the sera of one animal (Animal ID 115) that showed reaction to the protein 

at 35 kDa before and after exposure to ticks, which gradually decreased through the P1, P2, 

and P3 time periods (Figure 4.5, Experiment 4).  



 82!

    

 

 
Figure 4.3. Experiment 2: Western blot analysis of 2009 sera (archived bovine sera) to 
investigate antibody response to wood tick salivary proteins. Pre- represent pre-exposure 
sera and P1, P2 and P3 represent post-exposure sera (P1= one month, P2= two months, and 
P3= three months after exposure to ticks). Pre- and post-exposure sera of all animals 
reacted to salivary proteins at 30 kDa, 35 kDa and 60 kDa, but reaction to protein 40 kDa 
was only observed in post-exposure sera in six of the animals tested (black arrow).  
Specifications: Antigen: Wood tick (11µg saliva/well); Ladder: Broad Range (Novex Sharp 
Pre-Stained Protein Standard, Bio-Rad); Pre-cast 4-12% SDS –Page Gel; Nitrocellulose 
membrane; Blocking solution: Gelatin 3%; Primary antibody: cattle exposed to wood tick 
(1:1,000); Secondary antibody: Goat anti-bovine HRP (1:10,000); Colorimetric detection 
method: Opti 4-CN (Bio-Rad).  
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Figure 4.4. Experiment 3: Western blot analysis of the 2011 sera from Group 1 to 
investigate antibody response to wood tick salivary proteins. Pre- represent pre-exposure 
sera and P1, P2 and P3 represent post-exposure sera (P1= one month, P2= two months, and 
P3= three months after exposure to ticks). Presence of ghost bands at 70 kDa, 90 kDa, 110 
kDa. There was no distinct antibody reacting to tick proteins in post-exposure sera other 
than those observed in pre- and post-exposure sera at 30 kDa, 35 kDa and 60 kDa.  
Specifications: Antigen: Wood tick saliva (11 µg saliva/well); Ladder: Broad Range 
(Novex Sharp Pre-Stained Protein Standard, Bio-Rad); Pre-cast 4-12% SDS –Page Gel, 
Nitrocellulose membrane; Blocking solution: Gelatin 3%; Primary antibody: cattle exposed 
to wood ticks (1:1,000); Secondary antibody: Goat anti-bovine HRP (1:10,000); 
Colorimetric detection method: Opti 4-CN (Bio-Rad). 

 
Figure 4.5. Experiment 4: Western blot analysis of the 2011 sera from Group 2 to 
investigate antibody response to tick salivary proteins. Pre- represent pre-exposure sera and 
P1, P2 and P3 represent after exposure (P1= one month, P2= two months, and P3= three 
months after exposure). Pre- and post-exposure sera of all animals reacted to tick salivary 
proteins at 25 kDa and 60 kDa. Sera of animal 115 reacted also to the protein at 35 kDa.   
Specifications: Antigen: Winter tick saliva (8 µg saliva/well); Ladder: Broad Range (Novex 
Sharp Pre-Stained Protein Standard, Bio-Rad); Pre-cast 4-12% SDS –Page Gel; 
Nitrocellulose membrane; Blocking solution: Gelatin 3%; Primary antibody: cattle exposed 
to winter ticks (1:1,000); Secondary antibody: Goat anti-bovine HRP (1:10,000); 
Colorimetric detection method: Opti 4-CN (Bio-Rad).  
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Chemiluminescence detection method 

In Experiment 5, the Western blot developed in a film showed ghost bands and dark 

and blotchy background, and therefore, antibody reaction to tick salivary proteins were not 

visible (Figure 4.6). In Experiment 6, different concentrations of tick saliva (13, 15, and 

18µg/ well for winter ticks and 15, 18, and 26µg/ well for wood ticks) were tested, but dark 

and blotchy background obscured visualization of the antibody reaction to tick proteins, 

especially in the wood tick experiment (Figure 4.7, Table 4.4). To overcome this dark and 

blotchy background issue, Experiment 7 was done to test the efficiency of two blocking 

solutions. There was considerable reduction in background and better visualization of the 

antibody reaction using Super Block® Blocking Buffer (Thermo Scientific, Burlington, 

Ontario) compared to Gelatin 3%; however, a few blotchy areas were still present after film 

development (Figure 4.8, Table 4.5). Based on these results, complete trials with 2011 sera 

of Group 1 were conducted using the Super Block® Blocking Buffer (Thermo Scientific, 

Burlington, Ontario)  (Experiment 8, Figure 4.9). Pre- and post-exposure sera of all animals 

reacted to tick salivary protein at 100 kDa but reactions to the protein at 250 kDa were 

observed only in animals 140 and 117 in both pre- and post-exposure sera. Although 

antibody reactions could be better visualized in Experiment 8, the dark background was 

still an issue (Figure 4.9), indicating that other aspects in the system needed optimization. 

Considering this, Experiment 9 was conducted with secondary antibody dilution at 

1:80,000 – as described in Lysyk et al. (2009) using the sera of the Group 2. However, 

unlike Lysyk’s (2009) protocol, the membrane was blocked with Super Block® Blocking 

Buffer (Thermo Fisher Scientific, Burlington, Ontario) and incubated overnight in primary 

antibody at 1:2,000 dilution. Blotchy areas were still present in the blot, but the dark 
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background was dramatically reduced in comparison to previous experiments facilitating 

visualization of antibody reaction to tick salivary proteins (Figure 4.10). There was no 

difference in antibody reaction to tick salivary proteins between pre- and post-exposure sera 

of the animals tested; however, similar to the results from colorimetric method, sera of 

animal 115 reacted to the protein at approximately 35 kDa fading gradually as post-

exposure months progressed. 

With regard to the optimization of secondary and primary antibodies, the results of 

Experiment 10 showed that dilutions at or above 1:40,000 were better for reducing dark 

background and the absence of protein bands indicated no cross-reactivity between the 

antigen and the secondary antibody (Figure 4.11). With the secondary antibody 

concentration set to 1:40,000, the results of the Experiment 11 showed that for the primary 

antibody, the dilutions up to 1:2,500 still allowed visualization of the protein bands (Figure 

4.12). Optimizations of other aspects attempted in the Western blot system are described in 

the Figure 4.13. 

 
Figure 4.6. Experiment 5: Experiment using chemiluminescence detection method 
following the standardized protocol for colorimetric detection method in cattle. Dark and 
blotchy background obscured visualization of antibody reaction to tick salivary proteins.  
Specifications: Antigen: Wood tick (3µg saliva/well); Ladder (not visible): Broad Range 
(Novex Sharp Pre-Stained Protein Standard, Bio-Rad); Pre-cast 4-12% SDS-Page Gel; 
Nitrocellulose membrane; Blocking solution: Gelatin 3%; Primary antibody: cattle exposed 
to wood ticks (1:1,000); Secondary antibody: Goat anti-bovine HRP (1:10,000); 
Chemiluminescence detection method: ECL Plus (GE).  
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Table 4.4. Experiment 6: Western blot analysis to investigate the optimal antigen 
concentration for winter tick and wood tick saliva necessary to capture a signal.  
Specifications: Ladder: Pre-stained protein standard (Precision Plus Protein™ 
Kaleidoscope™ Standard, Bio-Rad); 10% SDS–Page Gel; Nitrocellulose membrane; 
Blocking solution: Gelatin 3%; Secondary antibody: Goat anti-bovine HRP.  

SDS- 
Page 

Antigen 
(tick saliva) 

Concentration 
(µg of 

saliva/well) 

Primary 
antibody 

Secondary 
antibody 

Substrate 

13 
15 

10% Winter tick 

18 

Cow exposed to 
winter ticks 

(Animal ID 138) 
(1:1,500) 

1:10,000 ECL Plus 

15 
21 

10% Wood tick 

26 

Cow exposed to 
wood ticks 

(Animal ID 929) 
(1:1,500) 

1:10,000 ECL Plus 

 

(A)         (B)  
Figure 4.7. Experiment 6: Investigation of the antigen concentration for (A) winter tick and 
(B) wood tick saliva necessary to capture a signal. Dark and blotchy background hindered 
visualization of antibody reaction to tick salivary proteins, especially on figure (B). 
Specifications: Antigen: (A): winter tick saliva (13µg saliva/well, 15µg saliva/well, and 
18µg saliva/well); (B): wood tick saliva (15µg saliva/well, 21µg saliva/well, and 26µg 
saliva/well); Ladder: Pre-stained protein standard (Precision Plus Protein™ 
Kaleidoscope™ Standard, Bio-Rad); 10% SDS–Page Gel; Nitrocellulose membrane; 
Blocking solution: Gelatin 3%; Primary antibody: cattle exposed to (A): winter ticks 
(Animal ID 138) and to (B): wood ticks (Animal ID 929) (1:1,500); Secondary antibody: 
Goat anti-bovine HRP (1:10,000); Chemiluminescence detection method: ECL Plus (GE).  
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Table 4.5. Experiment 7: Western blot analysis comparing the efficiency of two blocking 
solutions to reduce dark background and non-specific antigen-antibody bindings. 
Specifications: Ladder: Pre-stained protein standard (Precision Plus Protein™ 
Kaleidoscope™ Standard, Bio-Rad); Pre-cast 4-12% SDS–Page Gel; PVDF membrane; 
Secondary antibody: Goat anti-bovine HRP.  

SDS- 
Page 

Antigen 
(tick 

saliva) 

µg of 
saliva/well 

Blocking 
solution 

Primary 
antibody 

Secondary 
antibody 

Enzyme 
Substrate 

13 
15 

10% Winter 
tick 

18 

Gelatin 
3% 

Cow exposed to 
winter ticks 

(Animal ID 138) 
(1:1,500) 

1:10,000 ECL 
Plus 

13 
15 

10% Winter 
tick 

18 

Super 
Block® 

Cow exposed to 
winter ticks 

(Animal ID 138) 
(1:1,500) 

1:10,000 ECL 
Plus 

 

 (A)   (B)  
Figure 4.8. Experiment 7: Western blot analysis comparing the efficiency of two blocking 
solutions to reduce dark background and non-specific antigen-antibody bindings. (A) Dark 
background and faint signals observed when blocked with Gelatin 3%; (B) Background 
was still dark and blotchy, but antibody reaction to tick salivary proteins were better 
visualized when blocked with Super Block® Blocking Buffer (Thermo Scientific). 
Specifications: Antigen: With winter tick saliva (13µg saliva/well, 15µg saliva/well, and 
18µg saliva/well); Ladder: Pre-stained protein standard (Precision Plus Protein™ 
Kaleidoscope™ Standard, Bio-Rad); Pre-cast 4-12% SDS–Page Gel; PVDF membrane; 
Blocking solution: (A): Gelatin 3% and (B): Super Block® Blocking Buffer (Thermo 
Scientific); Primary antibody: cattle exposed to winter ticks (Animal ID 138) (1:1,500); 
Secondary antibody: Goat anti-bovine HRP (1:10,000); Chemiluminescence detection 
method: ECL Plus (GE).  
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Figure 4.9. Experiment 8: Western blot analysis of the sera from cattle experimentally 
infested with wood ticks (Group 1) to investigate antibody response to wood tick salivary 
proteins before (Pre-) and after exposure (P1= one month, P2= two months, and P3= three 
months after exposure) to wood ticks using chemiluminescence detection method. Dark 
background does not allow good visualization of the antibody reaction to tick salivary 
proteins hindering interpretation of the results. 
Specifications: Antigen: Wood tick (6 µg saliva/well); Ladder: Pre-stained protein standard 
(Precision Plus Protein™ Kaleidoscope™ Standard, Bio-Rad); Pre-cast 4-12% SDS–Page 
Gel; PVDF membrane; Blocking solution: Super Block® Blocking Buffer (Thermo 
Scientific); Primary antibody: cattle exposed to wood ticks (Animal IDs 136, 129, 140, 
117) (1:1,500); Secondary antibody: Goat anti-bovine HRP (1:10,000); 
Chemiluminescence detection method: ECL Plus (GE).  
 

 
Figure 4.10. Experiment 9: Western blot analysis of the sera from cattle experimentally 
infested with winter ticks (Group 2) to investigate antibody reaction to tick salivary 
proteins before (Pre-) and after exposure (P1= one month, P2= two months, and P3= three 
months after exposure) to winter ticks using chemiluminescence detection method. Pre- and 
post-exposure sera of animal 115 reacted to tick salivary protein at 35 kDa, which was 
consistent with the results from colorimetric detection method. 
Specifications: Antigen: Winter tick (6µg saliva/well); Ladder: Pre-stained protein standard 
(Precision Plus Protein™ Kaleidoscope™ Standard, Bio-Rad); Pre-cast 4-12% SDS–Page 
Gel; PVDF membrane; Blocking solution: Super Block® Blocking Buffer (Thermo 
Scientific); Primary antibody: cattle exposed to winter ticks (Animal IDs 138, 121, 124, 
115) (1:2,000); Secondary antibody: Goat anti-bovine HRP (1:80,000); 
Chemiluminescence detection method: ECL Plus (GE).  



 89!

Figure 4.11. Experiment 10: Optimization of secondary 
antibody concentration without primary antibody to investigate 
the optimal dilution necessary to reduce dark background, and 
to assess cross-reactivity between antigen and secondary 
antibody. Note that dark background is reduced dramatically 
when used secondary antibody at 1: 40,000 dilution. 
Specifications: Antigen: Wood tick (6 µg saliva/well); Ladder: 
Pre-stained protein standard (Precision Plus Protein™ 
Kaleidoscope™ Standard, Bio-Rad) (not visible); Pre-cast 4-
12% SDS–Page Gel; Blocking solution: Super Block® 
Blocking Buffer (Thermo Scientific); PVDF membrane; 
Primary antibody: non applicable; Secondary antibody: Goat 
anti-bovine HRP (1:20,000, 1:40,000, 1:60,000 and 1:80,000); 
Chemiluminescence detection method: ECL Plus (GE).  

 
 
 

 
Figure 4.12. Experiment 11: Optimization of primary antibody 
concentration to investigate the optimal dilution of primary 
antibody necessary to capture a clear signal. Note that the dark 
background is reduced as the dilution increases, but at 1:2,500 
dilution it is still possible to see protein bands.  
Specifications: Antigen: Wood tick (6 µg saliva/well); 
Ladder: Pre-stained protein standard (Precision Plus Protein™ 
Kaleidoscope™ Standard, Bio-Rad) (not visible); Pre-cast 4-
12% SDS –Page Gel; PVDF membrane; Blocking solution: 
Super Block® Blocking Buffer (Thermo Scientific); Primary 
antibody: Cattle exposed to wood tick (Animal ID 929 -
1:1,500, 1:2,000, 1:2,500, 1:3,000, and 1:4,000); Secondary 
antibody: Goat anti-bovine HRP (1:40,000); 
Chemiluminescence detection method: ECL Plus (GE).  
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Figure 4.13. Flowchart of the Western blot technique with the possible causes for failure to 
capture of a signal using chemiluminescence detection method. The colours indicate a 
summary of the challenges encountered (in red), the troubleshooting trials (in green) and 
the experiments related in an attempt to capture a strong clear signal.  
 

DISCUSSION 

This study was the first to compare proteins in D. albipictus saliva to salivary 

proteins of D. andersoni, and to demonstrate differences in protein profile between these 

two species of ticks. Despite the similarities in salivary proteins from both tick species, one 

protein in particular, at 25 kDa, was present only in winter tick saliva, suggesting that there 

are salivary proteins differentiating the two tick species. While this was the first research to 

identify salivary proteins in winter tick saliva, there are previous studies reporting salivary 

proteins of wood ticks (Gordon and Allen, 1987; Bergman et al., 1995; Bergman et al., 
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2000; Lysyk et al., 2009). Because of the relatively low concentration of proteins obtained 

from tick saliva, many researchers prefer to work with other antigens of tick origin such as 

salivary glands extracts in Western blot analysis (Almeida et al., 1994; Oleaga et al., 2007). 

However, not all antigens present in salivary glands are naturally injected into the host 

during blood feeding, thus the antibodies against these proteins are unlikely to be present in 

naturally infested hosts.  

Proteins of host origin such as albumin, hemoglobin, and even host IgG may be 

found in saliva of many ixodid ticks species (Valenzuela et al., 2002; Madden et al., 2004). 

Similarly, in this study the protein 15 kDa was observed in saliva from both wood and 

winter ticks fed on cattle but it was not observed in saliva from winter tick fed on moose 

and reindeer, suggesting that this protein could be potentially of host origin; more 

specifically, from cattle. However, a more in depth analysis with molecular characterization 

of the salivary proteins of both tick species fed on the same host species is necessary to 

confirm these findings. In the past, the presence of these proteins in tick saliva was 

attributed to contamination with the host blood caused by tick regurgitation during saliva 

collection, but since these same proteins were found in tick hemolymph and salivary glands 

prior to saliva collection (Madden et al., 2004; Brossard and Wikel, 2005), it is now 

believed that the ingestion of these proteins of host origin may have some unknown 

physiological function, or may be one of the several mechanisms evolved by the tick to 

evade host immune response (Brossard and Wikel, 2005).  
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Western blot analysis of 2009 sera using colorimetric detection method 

Access to archived sera was essential to gain technical expertise and to test the 

feasibility of using Western blot to investigate the presence of antibody response after 

exposure to ticks. Although the antibody reaction to the tick salivary protein at 40 kDa was 

only observed in sera of animals after exposure to ticks, there was no consistency in the 

results among animals i.e., this protein was present in 50% of the animals tested. In 

addition, there were no apparent pattern in animals producing more antibodies to tick 

salivary proteins based on the number of ticks cattle were exposed, nor were there 

differences whether animals were exposed to both male and female ticks as opposed to 

female ticks only. For example, the post-exposure sera of animal 929, that was exposed 

only to 25 female ticks reacted to numerous proteins in tick saliva, while the post-exposure 

sera of animal 920, exposed to 150 ticks, only reacted to the protein at 40 kDa at one and 

two months after tick exposure. No antibody reaction was observed after three months of 

exposure in the majority of animals tested, with the exception of animal 929. While this 

absence in response could be attributed to technical problems, the experiment was repeated 

once more and the same results were obtained. Cruz et al. (2008) also observed 

considerable variation in protein recognition between cattle experimentally infested with 

Rhipicephalus microplus, and the response not only varied among animals, but also 

between repeated exposure and between tick antigens (salivary gland, gut and larval 

extract) (Cruz et al., 2008). Given this variability, a larger sample size is needed to 

recognize patterns and to overcome these individual variations in immune response. 
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Western blot analysis of 2011 sera using colorimetric and chemiluminescence detection 

methods 

No distinct antibody response was observed in bovine sera from Group 1 and Group 

2 after exposure to ticks using either the colorimetric or the chemiluminescence detection 

methods. With regards to chemiluminescense, dark background was a problem in the 

majority of the experiments, obscuring completely, or at least, partially, the visualization of 

the antibody reaction to tick salivary proteins; however, despite these challenges, when the 

results from colorimetric and chemiluminescence methods were compared, both provided 

similar results. In both methods, there was not distinct antibody response after exposure to 

ticks, but the only common observation was that recognition of the protein at 35 kDa by 

animal 115 in both pre-and post-exposure sera. These results suggest that both techniques 

were working properly, but no bands were visualized because these animals had little or no 

immunological response to tick exposure. Nonetheless, technical problems are not 

completely out of the equation thus it is important to consider other factors that may have 

contributed to not detecting the antibody response in these animals. The quality and the 

quantity of the antigen are fundamental for the success in capturing a clear signal. That is, 

the viability and the antigenicity of the proteins in tick saliva are of utmost importance to 

obtain successful results in Western blot analysis. 

Western blot is a powerful diagnostic tool, very sensitive, and commonly used in 

veterinary and human research. Chemiluminescence is more sensitive than the colorimetric 

detection method, requiring a small amount of antigen to capture a clear signal and is thus 

desirable when antigen availability is limited; however, it is technically more challenging 

and requires more expertise to perform and to troubleshoot than the colorimetric method. 
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The very limited amount of tick saliva, in particular from winter ticks, was the main reason 

why chemiluminescence was the method of choice in this study; however, the lack of a pre-

existing validated protocol for this technique to investigate the antibody production of 

cattle after tick exposure lead to several optimization and troubleshooting trials.  

Beyond Western blot - Insights about this experience and recommendations for future 

studies 

Developing a diagnostic tool for tick surveillance goes beyond testing tick-

challenged sera and identifying which protein bands occurs after tick exposure. Certainly 

this study was only the first step of a long and laborious process that will require a better 

understanding about origin, function, and antigenicity of the proteins in tick saliva, as well 

as a comprehension of host immunity against these antigens. I hope this study enhanced the 

curiosity of other researchers to study D. albipictus and D. andersoni salivary proteins, and 

to expand their interest in understanding the origin and the role of these proteins in 

stimulating and in modulating host immunity. Several studies have documented the 

challenges and limitations of using proteomic approaches to identify tick salivary secretions 

responsible to stimulate and modulate host immunity (Madden et al., 2004; Oleaga et al., 

2007); however, examples of studies discovering potential markers specific to exposure to 

other arthropods such as to Lutzomyia longipalpis (Lutz & Neiva, 1912) (Diptera: 

Psychodidae) (Souza et al., 2010) highlight the potential use of similar techniques for ticks. 

Yet, it is important to keep in mind that there are substantial biological differences in 

feeding mechanisms and the time spent on host between these two arthropods, thus finding 

this marker to tick exposure could be a daunting task for several reasons. For example, 

proteins in tick saliva vary between tick species and developmental stages, and even 
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different weights of engorged females can influence protein composition in saliva (Gordon 

and Allen, 1987; Brown, 1988b; Oleaga et al., 2007).  

Western blot is still the method of choice to identify the antigenic proteins 

responsible for inducing host immune response after exposure to ticks; however, for future 

studies, the recommendation is to use this technique, combined with ELISA, to obtain 

quantitative and qualitative results of antibody production after exposure to ticks. Many 

studies have used ELISA (and many variations of this technique) to first quantify antibody 

response after tick exposure and then used Western blot for further identification of 

proteins inducting such antibody response (Wozniak et al., 1996; Ogden et al., 2002; Pruett 

et al., 2006; Cruz et al., 2008). In this study, ELISA would have been beneficial to quantify 

the levels of antibody response of the experimentally infested cattle (2011 sera) to 

understand whether these animals produced an antibody response or not after exposure to 

ticks, and to compare these results with those obtained in Western blot to investigate if they 

are compatible. 

CONCLUSION 

This was the first study to compare protein bands in D. andersoni and D. albipictus saliva 

and to investigate cattle antibody response after exposure to winter ticks. The recognition 

of the tick salivary protein at 40 kDa by archived sera (2009 sera) after exposure to ticks 

suggests that this protein could be responsible for inducing antibody response to wood 

ticks, but these results were not consistent among all animals. Sera from animals 

experiment infested in 2011 did not react to this 40 kDa. While the lack of protein 

recognition in sera of experimentally infested animal (2011 sera) could be partially 
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attributed to technical challenges with chemiluminescence detection, the consistency in the 

results from both colorimetric and chemiluminescense suggests that these animals did not 

respond immunologically as expected to the tick exposure, or produced a very limited 

response that was not detectable. The combined use of Western blot with ELISA may be 

beneficial to quantify this immune response and then, with Western blot, identify which of 

these proteins are responsible to induce such response.  

 Cattle have been used as model for host-tick immunity research for many decades 

but several aspects of this host-tick interaction are still not completely understood (Kemp et 

al., 1986; Dipeolu et al., 1992; de la Fuente et al., 1998; Bishop et al., 2002; Kashino et al., 

2005). It is important to acknowledge the challenges involved in developing a diagnostic 

tool for tick surveillance, especially in considering the complexity of this host-tick system. 

However, it is also important to reiterate the relevance of having a diagnostic tool to detect 

tick exposure, in particular for wildlife research. The currently available methods for tick 

surveillance are time consuming, costly and logistically challenging, thus such tools would 

improve tick surveillance by providing rapid results and allowing considerable cost 

reduction in logistics and transportation.  
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CHAPTER FIVE 

WINTER TICKS IN THE SAHTU 

ONGOING MONITORING FOR WILDLIFE HEALTH ASSESSMENT AND FOOD SECURITY IN 

NORTHERN COMMUNITIES 
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Northern residents from the Sahtu Settlement Area (the Sahtu), Northwest 

Territories, rely heavily on moose and caribou for subsistence. In recent years, increased 

numbers of observations of moose clinically affected with winter ticks have been reported 

by local residents from the Sahtu (Kutz et al., 2009). The aim of this research was to 

investigate these reports and to determine where winter ticks were occurring in the Sahtu 

by collecting hides and digesting them to search for ticks. This research also aimed to test 

the feasibility of using a serodiagnostic tool as an alternative method for tick surveillance 

by investigating antibody response to tick exposure, using cattle as model species. With this 

study, I provide a glimpse of the current distribution of winter ticks in the Sahtu, address 

the apparent range expansion of this parasite in the region, and highlight the importance of 

ongoing monitoring of D. albipictus for wildlife health assessment and food security in 

these communities under current climate change scenarios.  

This study provides the first definitive evidence, based on recovery and 

identification of winter ticks that the range of D. albipictus reaches as far as 66° N. This 

confirms anecdotal observations from the Sahtu, NT (Kutz et al., 2009). The occurrence of 

D. albipictus at 66° N significantly exceeds the northern limit of winter tick distribution 

suggested by Wilkinson (1967) which lies approximately at 64° N (Chapter 2, Figure 2.3), 

and the findings of clinically affected moose by Samuel (1967), which were south of 62° N. 

Kutz et al. (2009) suggested that this range expansion of winter tick could be a result of 

climate change.  

The effects of climate change can be noticed worldwide, especially in Arctic and 

Sub-Arctic regions (Stenseth et al., 2002; Parmesan and Yohe, 2003; Hinzman et al., 2005). 
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The Sahtu, in particular, has already experienced the effects of this climate change with an 

increase of over 1.5°C in mean annual temperature since 1950 (Woo et al., 2007). There is 

strong evidence that climate change is altering biological and ecological processes in the 

Arctic at all trophic levels (Hinzman et al., 2005; Post et al., 2009). Under current and 

predicted climate change scenarios, alterations in host-parasite dynamics, such as an 

increase in survival and development rate of parasites and longer transmission periods, are 

anticipated to occur (Bradley et al., 2005; Hoberg et al., 2008; Kutz et al., 2009; Hoberg et 

al., 2012; Kutz et al., 2012). For example, the recent range expansion of deer keds 

(Lipoptena cervi Linnaeus, 1758) (Diptera: Hippoboscidae) in Fennoscandia appear to be 

caused by changes in climate and by increase host density in the region (Valimaki et al., 

2010). Deer keds are blood-sucking flies that have moose as the main host (Madslien et al., 

2011), and similar to D. albipictus, deer keds can cause severe alopecia and deleterious 

consequences to moose health. Mild winters observed in the recent years appear to be 

facilitating development and survival of deer keds in their pupal stage, thereby increasing 

the transmission risk to hosts (Valimaki et al., 2010; Madslien et al., 2011).  

While not all parasites seem to benefit from warming temperatures caused by 

climate change (Hoar and Kutz, 2011; Molnar et al., 2013), ticks in particular, appear to be 

positively affected. Survival and development of numerous species of ixodid ticks are 

positively affected by warmer temperatures (Ogden et al., 2006; Danielová et al., 2008; 

Eisen, 2008; Estrada-Pena et al., 2008; Gage et al., 2008; Materna et al., 2008; Ogden et al., 

2008; Knap et al., 2009). Climate change is considered one of the main driving forces for 

range expansion of Ixodes ricinus (Linnaeus, 1758) in several European countries (Medlock 

et al., 2013) and the predictions are that, by 2100, habitat in Africa and in the rest of the 
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world will become more suitable for several African tick species even under the most 

conservative climate change scenarios (Cummins and Van Vuuren, 2006). Similarly in 

North America, the geographic range of the tick Ixodes scapularis Say, 1821 is projected to 

increase considerably by 2080 as the habitat in northern regions of Canada becomes more 

suitable for ticks (Ogden et al., 2006).  

More specifically for D. albipictus, there are various reasons why climate change 

may be influencing winter tick ecology in the Sahtu and influencing the range expansion of 

this parasite. Environment conditions such as temperature and snow cover have significant 

impact on survival and oviposition of engorged females and viability of larvae (Drew and 

Samuel, 1986a; Drew and Samuel, 1986b).  Engorged female ticks exposed to cold stress 

under laboratory conditions produced less viable eggs than engorged females maintained at 

constant temperature (25°C) (Drew and Samuel, 1986b). Similarly, in field conditions, 

fluctuating temperatures affected negatively the survival of engorged females, oviposition 

and egg incubation period (the time from when eggs were laid until hatching), as well as the 

ability of larvae to successfully infest a host (Drew and Samuel, 1986a; Samuel and Welch, 

1991; Aalangdong and Samuel, 2001). Under projected climate scenarios for the Sahtu, 

engorged female ticks may encounter better conditions in late spring, produce more eggs, 

and larvae may persist longer in the environment, which may increase considerably the risk 

of transmission to new hosts.  

In the Sahtu, few alternative ungulate hosts species are available for winter ticks, 

i.e., white-tailed deer and mule deer are extremely rare and elk are absent from the region 

(Veitch, 2001; Kutz et al., 2012). Currently, moose appear to be the main host maintaining 

winter tick populations in the region. This ungulate species occurs at much lower densities 
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(0.16 moose/ km2) in the Northwest Territories than, for instance, in central Alberta, where 

moose density is 7.5 times higher (1.20 moose/ km2) (Stenhouse et al., 1995). Thus, it is 

likely that this low moose density and climate conditions may have previously limited 

survival and establishment of winter ticks in northern latitudes. Under current climate 

change scenarios, moose habitat is projected to expand 19-64% due to an increase in 

frequency of forest fire regimes (Joly et al., 2012). As habitat becomes more suitable for 

moose, an increase in moose density is expected, and as a result, increase in winter tick 

transmission to new hosts.  

Winter ticks in the Sahtu and the potential risks of transmission among hosts  

To date, it is unknown if boreal woodland caribou (Rangifer tarandus caribou 

(Gmelin, 1788)) from the Sahtu, which are sympatric with moose year round, are infested 

with winter ticks because this species has not been examined. Rangifer subspecies are 

highly susceptible to winter tick infestations in captive situations (Welch et al., 1990b) and 

reports of woodland caribou infested with winter ticks in southern regions of the Northwest 

Territories also indicate that these ungulate species are susceptible to this parasite in the 

wild (Welch et al., 1990b; Kutz et al., 2009). However, the role of woodland caribou in 

maintaining winter tick populations in the Sahtu is unknown. Boreal woodland caribou 

populations in the region are currently listed as Threatened species by the Federal Species 

at Risk Act (SARA) and across most locations of Canada their populations are declining 

due to habitat loss and human disturbance, thus it is essential to increase efforts for winter 

tick surveillance in this species.  
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While moose and barrenground caribou (Rangifer tarandus groenlandicus 

(Borowski, 1780)) are seasonally sympatric in the Sahtu during winter, the lack in temporal 

and spatial synchronicity between caribou migration and winter tick transmission period 

(fall) may have prevented the invasion of barrenground caribou populations by winter ticks. 

That is, for the barrenground caribou to be infested with D. albipictus, they need to be 

exposed to tick questing larvae during the fall. A disruption of this synchronicity such as 

earlier migration of caribou during the fall in areas of winter tick occurrence, or even 

persistence of the host-seeking winter tick larvae due to favourable climate for a longer 

period on the may facilitate transmission of winter ticks to barrenground caribou 

populations. With the exception of this research, no other studies have been conducted to 

assess presence of winter ticks in barrenground caribou populations. All barrenground 

caribou hides analyzed in this study were negative for ticks; however, due to the small 

sample size from a single area of the Sahtu, it is difficult to affirm if this reflects the 

situation of the herd, and therefore, more research is needed in this regard.   

Insights about winter tick surveillance methods 

Hunter-based sample collection in the Sahtu and chemical digestion of hides 

Surveying winter ticks in a vast and remote area such as the Sahtu was possible in 

this study because of the collaboration with local hunters, with local Renewable Resource 

Councils and with the interest and effort of Wildlife Resource Officers and Wildlife 

Managers. The collaboration with the biologists from the Government of the Northwest 

Territories was essential to facilitate the logistics for this study; without their assistance the 

challenge of transporting these hides would have been much bigger. Many challenges were 
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encountered in hunter-based collections for winter tick surveillance in the Sahtu, but 

without the hunters’ involvement, the access to moose and barrenground caribou hides 

would have been considerably more difficult, if not impossible. Inconsistency in data and 

sample collection was the major limitation experienced with hunter-based collections in the 

Sahtu. However, this inconsistency was probably caused by the hunters’ lack of 

understanding of how to properly collect the samples and how to record the information 

due to inadequate training and clarification of the sample collection techniques. Thus, there 

is a considerable room for improvement in hunter-based collection, which can be achieved 

either by ensuring enhanced training of the participants and by adjusting the sample kit so it 

is more intuitive and easy to use, especially considering that many of the hunters have no 

scientific background. Notwithstanding some of the challenges, hunter-based sample 

collection remains the best approach to continue monitoring the expansion of D. albipictus 

in the Sahtu because it provided easier accessibility to biological samples of the harvested 

animals in a vast and remote area, and therefore, it is strongly recommended for future 

studies. 

Chemical digestion of moose and caribou hides in KOH was very effective to detect 

the occurrence of winter ticks in the Sahtu. The sampling efforts of this study were 

concentrated in seasons when winter ticks are commonly found parasitizing the host, i.e., 

from fall through spring, which coincided with the main moose and caribou hunting 

seasons in the Sahtu. Digestion of hides provided accurate information of D. albipictus 

occurrence in the Sahtu because it allowed recovery and identification of the tick 

specimens; however, this methodology was time-consuming, labour-intensive and above 

all, finding storage space for all moose and barrenground caribou hides was logistically 
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challenging. The partnership with biologists of the Government of the Northwest 

Territories was fundamental to facilitate storage and transportation of such large number of 

moose and barrenground caribou hides until laboratorial analysis; however, such support 

may not be the available at all times for many studies. Thus, if there were an alternative 

method for winter tick surveillance that would allow rapid assessment with biological 

samples that could be easily stored and transported, it would be more helpful.  

Alternative methods for winter tick surveillance 

Cattle sera were analyzed using Western blot to test the feasibility of developing a 

serodiagnostic tool for winter tick surveillance. This study was the first to attempt to 

investigate antibody production in cattle after experimental infestation with winter ticks, 

and to compare different proteins in D. albipictus and D. andersoni saliva. The challenges 

encountered in this study could be partially attributed to limited technical expertise, but 

also to biological difficulties. It is known that hosts acquire immunity to ticks (Brown, 

1985; Brown, 1988a; Wikel, 1996) and despite the vast literature available, many aspects of 

this complex host-tick immune interaction are not well understood. Several variables such 

as the degree of host susceptibility, tick species, and recurrent host exposure to tick 

infestations are factors that could influence in the immune response (Ogden et al., 2002; 

Cruz et al., 2008). Future studies should aim to gain a better understanding of the host-tick 

interactions in order to develop a diagnostic tool for tick surveillance. It is important to 

acknowledge that there are challenges and limitations involved in developing such a tool 

and that this research was just the beginning of this long process; however, it is also 

necessary to emphasize the importance of having such a diagnostic tool that can be used to 

detect exposure to ticks, especially in wildlife research. Despite the differences in 
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susceptibility and immunity between domestic and wild host species, studies such as this 

with cattle are valuable to understand the challenges and limitations in developing a 

diagnostic tool for tick surveillance and transferring this knowledge to wild species. 

A diagnostic tool that would allow detecting exposure to ticks through sera could 

greatly reduce the costs involved in transportation and logistics when surveying winter 

ticks in remote northern latitudes. Such a methodology could also facilitate sample 

collections for hunters interested in collaborating with the research and even ease the 

transportation for them while harvesting for subsistence, which consequently, would 

probably contribute for a better and a more standardized sample collection, and possibly 

use archived sera to investigate historical distribution.  

CONCLUSION 

Through this study I have contributed with new geographical records of D. 

albipictus distribution in northwestern Canada. Yet, there remain many gaps in knowledge 

about winter tick ecology and host-tick dynamics under a changing climate. I hope to have 

contributed with this study to enhance the curiosity of other researchers to further 

investigate D. albipictus in the Sahtu and elsewhere across the Northwest Territories to 

monitor changes in sample prevalence and in intensity of tick infestations over the years. I 

also hope to have contributed to encourage other researchers to keep pursuing the 

development of a serodiagnostic tool for tick surveillance that would be rapid, less time 

consuming, and that could be performed with samples that are easily transportable.  

I recommend that future studies continue to use hunter-based collections, 

encouraging participation of hunters, building local capacity, and bringing the results of the 
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research back to the community. Hunters were very receptive and interested in participating 

in the research because moose and caribou are important subsistence species and they 

understand that monitoring parasites and diseases in wildlife is essential to ensure food 

safety and food security for future generations. More studies encompassing caribou, moose, 

and winter tick ecology are necessary to increase the understanding of host-parasite 

interactions in the Sahtu and the response to the rapidly changing climatic conditions. 

Understanding how parasites adapt and survive in the environment, and how these parasites 

interact with their hosts is the core of a solid model to predict the potential impacts of 

climate change in biological systems.  
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APPENDIX A. Louse species found on barrenground caribou hide digests from the Sahtu 

Settlement Area, Northwest Territories. 

Table A.1. Numbers of nymphs, adult male and adult females of Bovicola tarandi 
(Mjöberg, 1910) (Phthiraptera: Trichodectidae) and Solenopotes tarandi (Mjöberg, 1915) 
(Phthiraptera: Linognathidae) observed on barrenground caribou hides according to sample 
ID and hunting locations. Thanks to Dr. Lance Durden from the Department of Biological 
Sciences at the Georgia Southern University for identifying the species.  

Location  
Coordinates 

Sample 
ID 

Louse species Nymphs Adult 
male 

Adult 
females 

WHM203 Bovicola tarandi 0 0 3 

Bovicola tarandi 0 0 2 WHM204 

Solenopotes tarandi 1 0 0 

WHM206 Bovicola tarandi 17 0 6 

WHM210 Bovicola tarandi 0 0 5 

WHM211 Bovicola tarandi 2 0 0 

Hottah Lake 
65° 2' 24" N 
118° 17' 59" W 

WHM212 Bovicola tarandi 1 0 1 

Bovicola tarandi 0 0 2 WT1030 

Solenopotes tarandi 0 1 0 

WT1031 Solenopotes tarandi 0 0 1 

WT1032 Bovicola tarandi 15 0 9 

WT1033 Bovicola tarandi 17 0 14 

Fish Lake 
66° 1' 00" N  
118° 1' 59" W 

WT1037 Bovicola tarandi 0 0 1 

Winter Road 
66° 52' 08" N 
126° 53' 24" W 

WRoad Bovicola tarandi 14 0 8 

  Total   67 1 52 
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APPENDIX B. Protocol of tick infestation for cattle (Lysyk & Majak 2003) and reindeer 

PRE-INFESTATION  

1- Treatment of the animals with subcutaneous injection of 200µg/kg Doramectin 

(Pfizer Animal Health, Pfizer Canada Inc, Kirkland, QC) in the mid-cervical area, 

three (3) weeks before transferring animals from the Wildlife Facility 

2- Confinement of the animal two (2) weeks before infestation to allow acclimatization 

of animals and house them in individual pens (or in pairs) allowing visual contact to 

each other to minimize stress. 

Blood collection 

Materials:  

- Latex gloves 
- Alcohol 70%  
- Vacutainer needle 21G 1 "” 
- Vacutainer adapter 
- Cotton balls 
- 10 ml tubes for blood collection (serum)  
- 5 ml tubes for with Heparin for blood collection (CBC) 

Procedure:  

1- Prepare material for blood collection: Vacutainer adapter and needle, cotton balls 

and alcohol 70% 

2- Restrain the animal manually and shave the hair in the blood collection area using 

an automatic shaver 

3- Collect blood samples by jugular venipuncture before exposure to ticks (Pre-

exposure sera) in three (3) Vacutainer red top glass tubes (10 ml) for sera, and in 

one (1) Vacutainer purple top plastic tube (4 ml) containing 
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Ethylenediaminetetraacetic acid (EDTA) for Complete Blood Counts (CBC) 

analysis 

4- For the purple top plastic tube (CBC), homogenize gently the purple top plastic tube 

for about a minute to avoid blood from clotting, and place the red top glass tubes on 

a rack after collection and let it rest until blood is coagulated. 

Tick cage placement 

Materials: 

- Clippers 
- Flat paintbrush (1 x 25 mm) 
- Contact cement (Helmetin, Toronto, Ontario, Canada) 
- Stockinet sleeve 20 cm long (QMD Medical, Montreal, Quebec, Canada) 
- Permanent marker  
- A piece of PVC pipe (10 cm diameter with 5 cm wide) 

Procedure: 

Note: Place tick cages a week before the infestation to allow animals to become used to the 

cages. 

1- Choose the areas on the back of the animal where the ticks cages will be placed 

2- Shave the hair of the animal using an automatic shaver 20 cm length (cranio-caudal) 

and 20 cm wide (latero-lateral) at the location where tick cage will be placed 

(Figure B1.A) 

3- Place the piece of the PVC pipe in the shaved area and then use the markers to 

delineate the area ticks will be placed  

4- Use the flat paintbrush to spread the contact cement externally around that marked 

area (Figure B1.B) 
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5- Surround the PVC pipe with the stockinet sleeve and glue the stockinet outside the 

marked area (Figure B1.C and Figure B1.D) 

6- Wait for about three (3) minutes with the stockinet and the PVC pipe in place to 

allow the glue to dry (Figure B1.E) and verify if the stockinet was properly glued on 

the animal with no loose spaces.  

(A)     (B)  

(C)     (D)  

         (E)  
Figure B1. Demonstration of the procedure for tick cage placement on the back of 
the animal. (A) Shaving the hair of the animal at the location ticks cages will be 
placed; (B) and (C) Application of the contact cement around the marked circle; 
(D) Attachment of the stockinet sleeve on the back of the animal; (E) Stockinet 
sleeve glued on the back of the animal.  
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INFESTATION (Day 0) 

Materials: 

- Ticks  
- Soft covered wires  
- Fibreglass window screen (30 cm diameter) 

Procedure: 

1- Place the ticks inside the aperture of the stockinet sleeve, twist it securely and close 

the aperture soft covered wires (Figure B2.A and Figure B2.B) 

2- Place the fibreglass window screen over the stockinet sleeve to protect the ticks 

from animal’s grooming (optional) (Figure B2.C and figure B2.D) 

(A)   (B)  

(C)   (D)  
Figure B2. Demonstration of the infestation procedure. (A) Ticks are placed inside the 
stockinet sleeve; (B) Sleeves are twisted  and tied with soft covered wires; (C) and (D) 
Attachment of the fibreglass window cover to protect the ticks from animal’s grooming.  
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POST-INFESTATION PROCEDURE 

1- Monitor weekly tick attachment success and developmental stage; count attached 

ticks, classify according to development instars, and record information on data 

sheet. 

2- Blood collection of the experimental animals after exposure to ticks at 7th, 14th, 21st 

days post-infestation and then monthly until the end of the experiment. 

3- At the end of the experiment, visually inspect animals for any remaining ticks and 

treat them with subcutaneous injection of 200µg/kg Doramectin (Pfizer Animal 

Health, Pfizer Canada Inc, Kirkland, QC) in the mid-cervical area 

4- Keep animals in quarantine and then, transfer experimental animals together with 

other animals. 



APPENDIX C. Results of the Complete Blood Count (CBC) analysis of the captive reindeer experimentally infested with 

Dermacentor albipictus. 

Table C1. Hematological values of the captive reindeer experimentally infested with Dermacentor albipictus according to Animal ID 
and days post-infestation. 

Date Days post-
infestation 

Animal ID RBC Hemoglobin Hematocrit Mean Corp 
Vol. 

Mean Corp 
HGB 

MCHC RDW Platelets 

Reindeer 1 11 167 0.47 42.7 15.2 357 18.4 485 
Reindeer 2 10.4 164 0.46 44 15.7 356 17.8 550 
Reindeer 3 11.9 182 0.52 43.4 15.3 352 19.2 595 

 
24-Dec-10 

 
27 

Reindeer 4 13.4 179 0.51 37.7 13.3 354 24.8 INV 
Reindeer 1 11.2 172 0.46 40.8 15.4 377 18.8 605 
Reindeer 2 10.6 172 0.45 42.1 16.2 385 18.5 656 
Reindeer 3 11.6 183 0.48 41 15.8 384 20.4 703 

 
21-Jan-11 

 
55 

Reindeer 4 12.8 180 0.48 37.2 14 377 24.8 773 
Reindeer 1 10.8 166 0.44 40.6 15.3 378 18.6 580 
Reindeer 2 9.9 157 0.42 42.2 15.8 376 17.7 578 
Reindeer 3 11.4 176 0.47 40.8 15.4 378 20.8 539 

 
18-Feb-11 

 
83 

Reindeer 4 12.7 176 0.47 36.7 13.8 377 22.2 781 
Reindeer 1 10.4 163 0.43 40.8 15.6 383 18.1 560 
Reindeer 2 9.8 155 0.41 41.7 15.8 380 17.2 593 
Reindeer 3 10.9 171 0.45 40.7 15.7 385 20.8 552 

 
18-Mar-11 

 
111 

Reindeer 4 12.2 171 0.45 36.8 14 381 20.7 702 
Reindeer 1 4.5 73 0.2 44.7 16.3 365 16.5 INV 
Reindeer 2 10.1 160 0.43 42.6 15.9 372 16 341 
Reindeer 3 11.3 177 0.49 43.4 15.7 361 19.8 552 

 
15-Apr-11 

 
139 

Reindeer 4 11.4 162 0.47 24.3 14.3 347 20 916 
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Table C1. cont. 

Date Days post-
infestation 

Animal ID RBC Hemoglobin Hematocrit Mean Corp 
Vol. 

Mean Corp 
HGB 

MCHC RDW Platelets 

Reindeer 1 9.4 147 0.39 41.4 15.7 379 17.6 586 
Reindeer 2 8.5 134 0.35 41.6 15.8 380 15.7 493 
Reindeer 3 11.2 176 0.47 41.9 15.7 374 23.1 554 

13-May-11 
 
 

 
168 

Reindeer 4 10.2 149 0.39 37.7 14.6 387 18 541 
Reindeer 1 8.9 137 0.37 41.4 15.4 372 15.9 449 
Reindeer 2 9.4 147 0.4 42.5 15.7 369 18.3 510 
Reindeer 3 10.7 166 0.45 42 15.5 370 21.1 350 

9-Jun-11 
 
 

 
195 
 

Reindeer 4 10.1 149 0.39 38.5 14.6 380 19.5 427 
Reindeer 1 11.8 173 0.47 39.5 14.7 372 22.6 525 
Reindeer 2 10.7 162 0.46 43.3 15.2 351 20.3 551 
Reindeer 3 11.9 183 0.5 41.7 15.4 368 22.8 417 

4-Jul-11 
 
 

 
220 

Reindeer 4 11.1 153 0.42 38.1 13.8 362 22.8 484 
Reindeer 1 10.2 158 0.43 41.9 15.5 370 23.1 674 
Reindeer 2 9.6 150 0.43 45.1 15.7 348 20.8 589 
Reindeer 3 10.6 165 0.47 44 15.6 355 22.6 581 

5-Aug-11 
 
 

 
252 

Reindeer 4 10 141 0.4 39.7 14.1 354 24.4 560 
Reindeer 1 10.7 167 0.45 42.1 15.6 369 22.9 638 
Reindeer 2 10.2 162 0.46 45.2 15.6 352 22.2 462 
Reindeer 3 11 174 0.48 43.6 15.9 364 23.2 391 

1-Sep-11 
 
 

 
279 

Reindeer 4 10.9 154 0.43 39 14.1 362 24 580 



 

 

 

Figure C1. Hematological values of captive reindeer experimentally infested with 
Dermacentor albipictus according to Animal ID and days post-infestation.



Table C2. White blood cells and leucocytes counts of the captive reindeer experimentally infested with Dermacentor albipictus 
according to Animal ID and days post-infestation. 

Date Days post-
infestation 

Animal ID White Cell Neutrophils % Lymphocytes 
% 

Monocytes  
% 

Eosinophils  
% 

Basophils  
 % 

Reindeer 1 7.8 46 40 11 3 0 
Reindeer 2 6.1 58 36 5 1 0 
Reindeer 3 7.6 52 37 8 3 0 

 
24-Dec-10 

 
27 

Reindeer 4 6.9 42 48 9 1 0 
Reindeer 1 5.3 42 49 6 3 0 
Reindeer 2 7.3 44 45 9 2 0 
Reindeer 3 6.9 49 47 4 0 0 

 
21-Jan-11 

 
55 

Reindeer 4 6.3 46 43 7 4 0 
Reindeer 1 3.8 53 41 4 2 0 
Reindeer 2 5.7 47 49 1 3 0 
Reindeer 3 4.9 45 46 4 5 0 

 
18-Feb-11 

 
83 

Reindeer 4 5.3 44 50 2 3 1 
Reindeer 1 4.6 45 40 6 8 1 
Reindeer 2 7.3 45 47 3 5 0 
Reindeer 3 6.9 43 50 6 1 0 

 
18-Mar-11 

 
111 

Reindeer 4 5.8 50 45 4 1 0 
Reindeer 1 1.7 62 31 2 5 0 
Reindeer 2 6.5 41 49 0 10 0 
Reindeer 3 5.9 35 59 2 4 0 

 
15-Apr-11 

 
139 

Reindeer 4 6.3 45 43 6 6 0 
Reindeer 1 6.3 45 39 2 13 1 
Reindeer 2 6.7 38 48 1 11 2 
Reindeer 3 5.5 44 43 2 11 0 

13-May-11 
 
 

 
168 

Reindeer 4 6.8 49 40 1 10 0 
Reindeer 1 10 41 35 6 15 3 
Reindeer 2 9.2 33 54 6 7 0 
Reindeer 3 7.4 31 61 5 2 1 

9-Jun-11 
 
 

 
195 

Reindeer 4 10 43 49 4 3 1 



 127!

 

 

Table C2. cont. 

Date Days post-
infestation 

Animal ID White Cell Neutrophils % Lymphocytes 
% 

Monocytes  
% 

Eosinophils  
% 

Basophils  
 % 

Reindeer 1 8.5 38 50 1 10 1 
Reindeer 2 12.8 40 52 5 3 0 
Reindeer 3 8.8 28 60 2 10 0 

4-Jul-11 
 
 

 
220 

Reindeer 4 10.4 46 47 4 2 1 
Reindeer 1 9.4 37 49 5 8 1 
Reindeer 2 12.2 21 58 4 16 1 
Reindeer 3 10.9 27 54 7 12 0 

5-Aug-11 
 
 

 
252 

Reindeer 4 9.5 39 46 2 12 1 
Reindeer 1 10.7 43 49 6 2 0 
Reindeer 2 16.8 32 59 6 3 0 
Reindeer 3 10 32 50 6 3 0 

1-Sep-11 
 
 

 
279 

Reindeer 4 13.2 35 56 4 5 0 
 



 

 

 

Figure C2. White blood cells and leucocytes counts of the captive reindeer experimentally 
infested with Dermacentor albipictus according to Animal ID and days post-infestation. 

 

 


