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ABSTRACT 

Gastrointestinal nematodes (GIN) are a threat to the health and welfare of cattle 

worldwide and have substantial detrimental effects on cattle productivity. There is a lack 

of information regarding the GIN epidemiology in Canadian dairy heifers. Considering 

the potential for significant production impacts and the threat of anthelmintic resistance, 

the aims of this research were to determine the GIN prevalence, fecal egg count intensity 

and predominant species in breeding-age dairy heifers in Canada. In chapter 2, fecal 

samples were collected from breeding-age heifers on 306 dairy farms from all 10 

Canadian provinces. In chapter 3, fecal samples were collected from six dairy farms in 

Saskatchewan (SK), Canada, three times over a grazing season as a pilot study. A 

producer questionnaire on the use of anthelmintics was also conducted as part of the pilot 

study. Eggs per gram of feces (EPG) were determined using the Modified Wisconsin 

Sugar Flotation Technique. Predominant GIN species at the farm-level were identified by 

deep amplicon nemabiome sequencing of the ITS-2 DNA locus of nematode larvae. The 

Canadian heifer prevalence and population-averaged strongylid EPG, accounting for 

clustering on farms, were 20.9% (95% CI: 17.2 – 24.6%) and 1.1 EPG (95% CI: 0.6 – 1.6 

EPG), respectively (chapter 2). In SK, the population-averaged mean strongylid egg 

counts were 1.7 (95% CI: 0.3-3.1), 4.3 (95% CI: 1.9-6.8) and 9.3 (95% CI: 2.3-16.3) EPG 

for June, July and August, respectively, and many producers reported using avermectin 

anthelmintics for their heifers (chapter 3). The predominant species in both studies were 

Cooperia oncophora and Ostertagia ostertagi. The results found here are consistent with 

the literature for young cattle in temperate climates and provide much needed 

epidemiological data on GIN in Canadian dairy heifers. 
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CHAPTER 1: LITERATURE REVIEW 

1.1 Introduction 

 Gastrointestinal nematodes (GIN) of the family Trichostrongylidae are 

roundworms that commonly infect the gastrointestinal tract of cattle, which are a threat to 

the health and welfare of cattle worldwide (Areskog, Ljungström, & Höglund, 2013; 

Charlier, Höglund, von Samson-Himmelstjerna, Dorny, & Vercruysse, 2009; 

O’Shaughnessy et al., 2015). In 1997, gastrointestinal parasitism was estimated to cost 

the US cattle industry $2billion USD per year (Gasbarre, 1997), and was the second 

highest health-related cost on Dutch dairy farms after mastitis in 2009 (Coppieters et al., 

2009). These costs not only relate to the treatment of parasites, but also include the 

estimated loss of production due to subclinical infections. Most infections are subclinical 

and production loss is commonly measured as reduced milk production and impaired 

weight gain. More severe infections can escalate to clinical parasitic gastroenteritis (PGE), 

which may include diarrhea and an inflamed digestive tract (Elsener, Villeneuve, & 

DesCôteaux, 2001; Gross, Ryan, & Ploeger, 1999; Smith & Perreault, 1972). Generally, 

younger animals are at an increased risk of parasitic infections, particularly if grazing in 

close proximity to fecal material. This increased susceptibility is mainly due to a lack of 

previous exposure to parasites and a developing immune system (Fox, 1997; Yazwinski 

et al., 2013). In dairy research studies, milk quantity may be used as a parameter to 

measure the effect of parasitic infections and efficacy of treatments (Charlier et al., 2009; 

Gross et al., 1999).  

Since the introduction of broad-spectrum anthelmintic products to the cattle 

industry in the 1980s, there has been widespread use of anthelmintic “blanket treatments” 
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as a protective measure against the detrimental production impacts of GIN burdens. 

Frequent treatment and under-dosing with anthelmintics have been contributing factors to 

the growing issue of anthelmintic resistance (Gasbarre, 2014; Sutherland & Leathwick, 

2011). As GIN become increasingly resistant to anthelmintics, the cattle industry must 

evolve to establish more sustainable parasite control programs. 

1.2 Gastrointestinal nematode species in cattle 

Gastrointestinal nematodes are found in different organs of the bovine 

gastrointestinal (GI) tract; the common GIN species of the abomasum include Ostertagia 

ostertagi, Haemonchus placei, Haemonchus contortus and Trichostrongylus axei. Species 

commonly found in the intestines include Cooperia onchophora, Cooperia punctata, 

Nematodirus helvetianus, Trichostrongylus colubriformis, Oesophagostomum radiatum 

and Trichuris spp. (Balic, Bowles, Meeusen, & Bowles, 2000; Ciordia & Bizzell, 1963; 

Fréchette & Gibbs, 1971; Zajac & Conboy, 2012). Of these species, O. ostertagi is of 

primary importance because it is considered the most pathogenic for cattle in temperate 

climates (climate characterized by moderate temperatures; intermediate between tropical 

and polar), while C. oncophora is currently one of the most anthelmintic resistant species 

(De Graef et al., 2012; Geurden et al., 2015). 

1.3 Epidemiology 

1.3.1 Nematode life cycle 

Although each species has unique variations and adaptations, the general GIN life 

cycle has common stages. Gastrointestinal nematodes in cattle have a direct life cycle and 

are almost exclusively transmitted on pasture via fecal-oral transmission (Sutherland & 

Leathwick, 2010). Consequently, cattle on pasture are at a greater risk of parasitic 
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infection. Adult parasites live in the GI tract of their definitive host (cattle), where they 

undergo sexual maturation and reproduction (Sutherland & Leathwick, 2010). Female 

adults lay eggs, which are then passed in the manure into the environment. The eggs 

hatch into free-living first stage larvae (L1), which moult into second (L2) and then into 

the infective third stage (L3) larvae. This maturation process can occur in as little as 10 

days at an ideal environmental temperature of 25°C (Ciordia & Bizzell, 1963). The 

infective L3 migrate away from the fecal pat onto nearby vegetation where they are 

inadvertently ingested by grazing cattle (Sutherland & Leathwick, 2010). Once inside the 

host, the larvae undergo one more moult into fourth and fifth stage (L4, L5) larvae that 

finally develop to adult worms to complete the life cycle, which takes approximately 21 

days in the host (Ciordia & Bizzell, 1963; Gibbs, 1982). Many nematode species become 

dormant (a process known as hypobiosis) over the winter months in the northern 

hemisphere, and cattle will not shed eggs during this period (Gibbs, 1982; Sutherland & 

Leathwick, 2010). It is important to note that host-parasite interactions are highly 

dependent on external environmental conditions (mainly temperature and moisture), 

which can greatly affect the population dynamics of the parasites. Although optimal 

larval development temperatures vary among nematode species, Ciordia and Bizzell 

(1963) recorded 25°C as the ideal temperature for the development of O. ostertagi larvae 

in the laboratory, and observed no development below 5°C. In a field study in Argentina, 

O. ostertagia and C. oncophora L3 larvae survived on pasture for 12 months with a 

temperature low of 5°C (Fiel, Fernández, Rodríguez, Fusé, & Steffan, 2012). Sufficient 

moisture allows for the survival of free-living stages of parasitic larvae in the 

environment, particularly in the summer months with higher ambient temperatures. 
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Although no definitive optimal rainfall range has been reported, an Australian study 

suggested that 60 mm of rainfall was sufficient to allow for L3 Ostertagia survival and 

migration on pasture (Young, 1983).  

1.3.2 Pathogenesis and health implications 

Of the GIN most commonly infecting cattle in temperate climates, those living in 

the abomasum, such as O. ostertagi, are considered the most pathogenic (Gasbarre, 1997). 

Adult Ostertagia ostertagi lay their eggs in the gastric glands that rupture as the eggs are 

released, resulting in an increased abomasal pH, which decreases the abomasum’s 

digestive capacity (Fox, 1993). On the other hand, intestinal Cooperia spp. have 

generally been categorized as less pathogenic than other GIN, but are commonly present 

in grazing cattle (Gasbarre, 1997; Sutherland & Leathwick, 2011). In reality, cattle are 

rarely infected with only one GIN species, and co-infections with several species are the 

norm (Avramenko et al., 2015). Young cattle in their first grazing season are most 

commonly infected with higher burdens due to their naïve immune system, and any PGE 

predominantly occurs in this age group of cattle (Balic et al., 2000). It has also been 

suggested that while cattle are growing, there is an energy prioritization towards growth 

at the expense of developing an immune response against nematodes (Kyriazakis, 

Anderson, Oldham, Coop, & Jackson, 1996).  

General clinical symptoms of gastrointestinal parasitism include a rough, dull coat, 

rapid weight loss, stunted development, and in severe cases, profuse diarrhea (Fox, 1993; 

Smith & Perreault, 1972). Gastrointestinal parasites impair nutrient digestion and 

absorption by destroying parietal cells, and can cause marked inappetence accounting for 

weight loss and stunted growth (Fox, 1993). Not surprisingly, cachexia is common 
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among cattle with clinical GIN infections (Fox, 1993). Clinical infections may occur in 

severely infected cattle, but sub-clinical infections are much more common and are 

characterized by decreased weight gain and impaired production (i.e. milk; Nødtvedt et 

al., 2002a; Sanchez et al., 2002b; Sutherland and Leathwick, 2010). While a number of 

studies have demonstrated the effect of GIN on milk production in adult dairy cows, there 

is a dearth of studies in growing dairy heifers (Gross et al., 1999; Nødtvedt, Dohoo, 

Sanchez, Conboy, DesCôteaux, & Keefe, 2002a; Vanderstichel et al., 2013). One of the 

few studies looking at the impact of GIN in dairy heifers was conducted by Perri et al. 

(2013). In that study, weanling dairy heifers in Argentina treated monthly with a 

predetermined rotation of ivermectin, fenbendazole and levamisole reached puberty four 

weeks sooner than untreated control heifers. It was suggested that this finding may be 

related to improved body condition score and weight gains in treated heifers. An 

American study in prepubertal beef heifers reported similar results, where heifers treated 

with ivermectin, albendazole, or a combination of the two had increased follicular 

diameters prior to their first heat cycle compared to untreated control heifers (Whittier et 

al., 1999). Evidence that GIN affect daily weight gains exists primarily in the beef 

industry. In a Swedish study by Dimander et al. (2003), first season grazing cattle treated 

with an ivermectin intraruminal bolus gained on average of 65 kg more per head over a 

20 week grazing period in three consecutive years. In the US, Kunkle et al. (2013) 

reported that grazing beef cattle < 12 months old, treated with a long-acting anthelmintic 

over the course of 17 weeks on pasture, gained on average 20 kg more per head 

compared to untreated control calves. These studies not only highlight the detrimental 
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effects of GIN on the production potential of heifers, but also demonstrate the importance 

of effective anthelmintic drugs on reducing parasite load and improving production.  

1.4 Diagnosis of gastrointestinal nematodes 

1.4.1 Fecal egg counts 

Gastrointestinal nematode burdens in young grazing animals are often estimated 

using a fecal egg count (FEC) measured in eggs per gram of feces (EPG). The egg counts 

are used as a proxy for the adult nematode burden in an animal. Fecal flotation methods 

are commonly used to assess FECs, using either sugar or salt flotation media with a 

specific gravity higher than those of the targeted nematode eggs to allow flotation of the 

eggs that are less dense. Some advantages include: materials that are easy to obtain and 

prepare, cost effectiveness and non-invasiveness. The Modified Wisconsin Sugar 

Flotation technique followed by light microscopy is frequently used for conducting FECs 

for cattle as its analytical test sensitivity is < 10 EPG compared to the salt methods (i.e. 

McMaster Flotation technique) that require > 50 EPG (Zajac & Conboy, 2012). An 

evaluation of the Modified Wisconsin technique by Egwang and Slocombe (1982) found 

that the test was consistently able to detect < 10 EPG, with a 0% false negative rate when 

the true EPG was > 2.65 EPG, and a false negative rate of only 7% when the true EPG 

was < 1.44 EPG. Although the test is sensitive enough to detect low egg counts, a fecal 

flotation may underrepresent the true GIN burden due to some eggs being trapped in the 

fecal material during the straining process in the lab (Egwang & Slocombe, 1982). 

There are some limitations of fecal flotations. Adult female nematode fecundity, 

host immune status, season, and environmental conditions can all influence egg shedding 

(Zajac & Conboy, 2012). Fecundity varies among nematode species; for example, female 
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O. ostertagi adults may produce approximately 50 eggs per day, C. oncophora up to 

3,000 eggs per day, and Haemonchus spp. up to 15,000 eggs per day (Coyne, Smith, & 

Johnstone, 1991; Sutherland & Leathwick, 2010). Fecal egg counts also become less 

reliable as a predictor of adult nematode burdens as immunity develops against GIN, so 

the FEC is more consistent in younger cattle (first and second season grazers) compared 

to adult cattle (Balic et al., 2000; Forbes, Huckle, & Gibb, 2004; Gasbarre, 1997). In 

addition, traditional fecal flotation methods offer limited information as to the species of 

GIN in the sample. With the exception of Nematodirus spp. and Trichuris spp., many 

strongylids produce eggs that are indistinguishable from each other under the microscope. 

Therefore, while the FEC is a common way to estimate internal parasite burdens in cattle 

ante-mortem, it provides limited information about the predominant species (Zajac & 

Conboy, 2012).  Furthermore, nematode egg shedding fluctuates with the season and 

environmental conditions; therefore, the timing and season of fecal sampling is critical to 

the interpretation of FECs in cattle (Agneessens, Dorny, Hollanders, Claerebout, & 

Vercruysse, 1997).  

There are other diagnostic methods for GINs in cattle used in veterinary medicine, 

but they have a limited range of diagnostic capability. Serum gastrin and pepsinogen 

levels have been used as markers to determine GIN burden; however, these methods are 

specific to abomasal nematodes (i.e. Ostertagia), and there are many other physiological 

mechanisms that elicit a change in gastrin/pepsinogen levels (i.e. nutrition/diet, other GI 

infections), making these methods unreliable for whole-GIN population detection (Dorny, 

Shaw, & Vercruysse, 1999; Fox, 1997). Enzyme-linked immunosorbent assays (ELISA) 

have also been developed for cattle to test for the presence of antibodies against O. 
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ostertagi in milk and blood samples (Charlier et al., 2010; Fox, 1997; Sanchez et al., 

2002a; Vanderstichel et al., 2013). The ELISA provides some information on the O. 

ostertagi burden of an animal by measuring optical density ratios, but there is some 

cross-reactivity with other GIN species (Beck, Colwell, Goater, & Kienzle, 2015). No 

studies have focused on the use of ELISA tests in dairy heifers specifically, but some 

studies that used serum ELISA tests in beef calves suggested that serum antibody levels 

may be a better indicator of GIN exposure than FEC (Beck et al., 2015; Colwell, Beck, 

Goater, & Abbas, 2014). Because fecal flotations are inexpensive, less invasive, are 

relatively easy to perform and do not require specialized equipment, they are still the 

most widely used diagnostic technique for GINs in cattle.  

1.4.2 Nematode species identification 

Fecal egg counts are commonly used as a diagnostic test for parasite intensity in 

livestock animals, but are limited in describing the nematode species. Although some 

genera have distinct eggs (i.e. Nematodirus spp.), many strongylid eggs look very similar, 

particularly to the untrained eye (Zajac & Conboy, 2012). As such, nematode species 

have traditionally been determined using morphological identification of the larval stages 

(i.e. length of larvae, shape of tail, cuticle features; Dikmans & Andrews, 1933; Zajac & 

Conboy, 2012). Identifying nematode species using morphological features requires an 

experienced technician (as closely related species often have overlapping features), is 

low-throughput and time consuming (Roeber & Kahn, 2014). Molecular diagnostic 

techniques using PCR were developed for livestock nematodes in the 1990s using single 

nematode larva (Gasser, Chilton, Hoste, & Beveridge, 1993). Since then, several 

conventional PCR assays have been adapted to livestock nematodes (for a review, see 
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Roeber & Kahn, 2014). More recently, research has been directed toward a new 

molecular assay that is more sensitive and specific than FEC, and allows for the 

quantitative identification of nematode species from mixed-infection samples. The 

concept of developing a ‘nemabiome’ using internal transcribed spacer-2 (ITS-2) DNA 

sequencing similar to using 16S DNA to describe the microbiome has been proposed 

(Avramenko et al., 2015). The ITS-2 region is common to all nematode species, yet 

contains enough genetic variation among the species to allow for identification. After 

polymerase chain reaction (PCR) amplification of the ITS-2 region of all the nematode 

larvae in the sample, next generation sequencing is used to multiply different sequences 

in the sample simultaneously. Next generation methods sequence millions of reads 

simultaneously, and the number of species-specific reads divided by the total number of 

reads in the sample provides the proportions of nematode species and thereby the relative 

quantification of species in the sample can be determined. The model was validated using 

pure samples of bovine nematode species in artificially infected animals alongside 

traditional morphological identification (Avramenko et al., 2015).  

Using the deep-sequencing assays for nematode identification does not provide 

any information on the magnitude of nematode infection. It does, however, illustrate the 

relative proportions of the various nematode species within that sample. Combining the 

results of the deep-sequencing assay with the FEC provides qualitative and quantitative 

information about the GIN FEC intensity in an animal. This molecular-based method is 

currently only used for research purposes but has the potential to provide veterinarians 

and producers with nematode species information for cattle on a particular farm, which 

may contribute to strategic treatment and management decisions.  
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1.5 Anthelmintic treatment and resistance 

There are numerous strategies used to prevent and control gastrointestinal 

nematodes in cattle, and a farm’s parasite management program may consist of several 

different control methods. These plans generally include (but are not limited to) pasture 

management and rotation, and treatments with anthelmintic drugs. The use of 

anthelmintic products will be the main control strategy discussed for the purpose of this 

review. 

The use of anthelmintic drugs has successfully controlled gastrointestinal 

nematodes over the last 30 years, but there is increasing evidence of anthelmintic 

resistance from livestock industries all over the world. The three major types of 

anthelmintic drugs commonly used in cattle in North America are macrocyclic lactones 

such as ivermectin (avermectin) and moxidectin (milbemycin), imidazothiazoles 

(levamisole), and benzimidazoles (fenbendazole). The most commonly used products are 

the macrocyclic lactones (Edmonds, Johnson, & Edmonds, 2010). Although the optimal 

timing of anthelmintic treatment varies depending on season, geographic location and 

pasture rotation scheme, Elsener et al. (2001) suggested that the optimal timing of 

deworming heifers is three weeks after turnout on pasture for a seasonal grazing 

production system based on the three-week prepatent period of O. ostertagi.  

Globally, small ruminant gastrointestinal parasites in warm temperate regions 

have developed widespread anthelmintic resistance, largely due to the incorrect dosing 

and indiscriminate use of anthelmintic drugs in combination with poor management 

practices (Gasbarre, 2014; van Wyk, 2001). Resistance is defined when the application of 

anthelmintic drugs results in less than 95% reduction in parasite load and when the lower 
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end of the 95% confidence interval of the reduction in parasite load is less than 90% 

(Coles et al., 1992). Although detection of anthelmintic resistance in cattle has lagged 

behind resistance in small ruminants, there is evidence of anthelmintic resistance in cattle 

herds in the western US and across Europe (Areskog et al., 2013; Edmonds et al., 2010; 

Gasbarre, Smith, Lichtenfels, & Pilitt, 2009; Geurden et al., 2015). Parasites surviving 

exposure to low dosages have the potential to rapidly develop anthelmintic resistance, 

and cause long-term animal health issues (Van Zeveren et al., 2007). In the evaluation of 

the commonly used anthelmintics and various administration methods, it is important to 

take GIN species, geographical location, climate, and previous exposure to anthelmintics 

into account.  

Cooperia oncophora has repeatedly been reported as resistant to several 

anthelmintics, as it is a large nematode, and this resistance is likely due to persistent 

under-dosing (De Graef et al., 2012; Sutherland & Leathwick, 2011). Development of 

resistance in Ostertagia spp. has been slower than other nematodes, and could be 

partially attributed to its ability to remain dormant for long periods of time in the 

environment and in the host, although laboratory experiments have shown that significant 

ivermectin resistance can be selected for in as little as ten generations (Van Zeveren et al., 

2007). Therefore, treating cattle with anthelmintics may change the prevalence of parasite 

species within a herd, resulting in decreased burdens of susceptible species while 

increasing the relative frequency of more resistant species such as C. oncophora and 

Haemonchus spp. (Stromberg et al., 2012). This change in GIN population structure may 

allow for other species previously thought to be less pathogenic, such as C. punctata, to 
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establish themselves and cause more detrimental production impacts (Stromberg et al., 

2012).  

1.6 The Canadian situation 

According to the Canadian Dairy Information Centre, there were 11,280 dairy 

farms, 959,100 cows and 447,800 heifers in Canada in 2016, with the bulk of dairy 

production in Ontario and Quebec (CDIC, 2017). Total cash receipts for the Canadian 

dairy industry were in excess of $6 billion CAD, and nearly 82 million hectoliters of fluid 

milk were produced in 2015 (CDIC, 2017). Canadian dairy products are primarily sold 

for domestic consumption, but genetic exports of Canadian Holsteins (live animals, 

embryos, semen) are highly sought after internationally, and are valued at approximately 

$115 million CAD annually (Holstein Canada, 2015). The dairy sector is clearly 

economically important to the Canadian agricultural industry, yet there is impending 

opportunity for capturing additional production potential that is currently lost to GIN.  

There is very limited information on GIN burdens in dairy heifers in Canada and 

virtually no information on nematode species beyond the genus level. A review of studies 

conducted in dairy and beef heifers in Canada where FEC was measured is summarized 

in Table 1.1. Some studies from Europe and the US are included for comparison.   
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Table 1.1 Summary of studies in which gastrointestinal nematode fecal egg counts were 

measured for heifers or calves having access to pastures in Canada, Europe and the US. 

 Type Study 
Heifer 

Age 
Location 

Time of 

Sampling 

Number 

of herds 

Mean 

type 

Untreated, 

mean FEC 

Measure of 

Error 

(Fréchette & 

Gibbs, 1971) 
--- RCS 

12-24 

mo. 
Quebec July 1 Ari 220 EPG --- 

(Cox & 

Lemiski, 

1989) 

Dairy CS FSG Prairies July 34 Ari 16 EPG 

Range: 

0.7-78.1 

EPG 

(Elsener et al., 

2001) 
Dairy TT 

10-18 

mo. 
Quebec 73d PTO 1 Geo 28 EPG --- 

(Nødtvedt, et 

al., 2002b) 
Dairy RCS Heifers 

PEI, Quebec, 

ON, SK 

Year 

round 
38 Geo 2 EPG 

Range: 

0-84 EPG 

(Areskog et 

al., 2013) 

Dairy/ 

beef 
TT FSG Sweden 

28-42d 

PTO 
33 Ari 255 EPG 

Range: 

107-727 

EPG 

(Geurden et 

al., 2015) 
Dairy TT --- Germany --- 12 Ari 152 EPG 

Range: 

60-836 EPG 

(Geurden et 

al., 2015) 
Dairy TT --- UK --- 10 Ari 280 EPG 

Range: 

95-722 EPG 

(Geurden et 

al., 2015) 
Dairy TT --- France --- 8 Ari 116 EPG 

Range: 

40-216 EPG 

(Merlin et al., 

2016) 
Dairy RCS 

6-16 

mo. 

France 

 
84d PTO 7 Geo 2.55 EPG 

SD: 

0.4 EPG 

          

(Colwell, et 

al., 2014) 
Beef RCS 

Calves 

at foot 
Alberta 

Late 

summer 
1 Ari 0.17 EPG 

95%CI: 

0.2-4 EPG 

(Jelinski, et 

al., 2016) 
Beef RCS 

Calves 

at foot 
Saskatchewan 

Late 

summer 
13 Geo 8 EPG 

95%CI: 

5-12 EPG 

(Couvillion, et 

al., 1996) 
Beef RCS 

Calves 

at foot 
Mississippi 200d PTO 1 Ari 20 EPG --- 

(Agneessens 

et al., 1997) 
Beef RCS 

Calves 

at foot 
Belgium 98d PTO 1 Geo 

50 EPG 

 
--- 

(Yazwinski et 

al., 2013) 
Beef TT 5 mo. Arkansas September 1 Geo 180 EPG --- 

(Geurden et 

al., 2015) 
Beef TT --- Italy --- 10 Ari 56 EPG 

Range: 

35-131 EPG 

CS = cross-sectional study, RCS = repeated cross-sectional study, TT = treatment trial, FSG = first season grazers, PTO 

= post turnout, Geo = geometric mean, Ari = arithmetic mean 
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As described in Table 1.1, there is limited FEC data available for dairy heifers in 

Canada, and no studies in the last 15 years. In 1999, a Canadian-wide GIN prevalence 

study included some limited FEC data on Saskatchewan dairy farms, where heifers with 

restricted access to pasture were found to have a geometric mean FEC of 1.1 EPG with a 

range of 0 – 37.8 EPG (Nødtvedt, Dohoo, Sanchez, Conboy, DesCôteaux, Keefe, 2002b). 

More recently, the prevalence of GIN in Saskatchewan was assessed in cow-calf beef 

herds, where calves’ FEC increased significantly over the grazing period and was nearly 

8 EPG by the end of the grazing season (Jelinski et al., 2016). More recent studies have 

been conducted in Europe, with heifers in several countries having counts > 100 EPG 

(Table 1.1). Nonetheless, even low egg counts, as described above, have been reported to 

impede growth in young cattle (Kunkle et al., 2013). Although some studies in Canada 

have focused on the detrimental impacts of nematode infections in lactating dairy cattle, 

there is potential for substantial production loss due to subclinical infection in heifers 

(Sanchez et al., 2002b). Although there is limited information available as to the costs of 

raising replacement heifers in Canadian dairy systems, the Ontario Ministry of 

Agriculture, Food and Rural Affairs estimated the cost of raising a replacement heifer 

from birth to calving to be $2,252 CAD (Lang, 2012). It has been suggested that raising 

replacement heifers accounts for one of the largest expenses on a dairy farm in addition 

to feed, labour and quota payments (Campbell, 2009; Van Biert, 2015). Given the well-

documented impact of GIN burdens on cattle health and production, as well as the 

increasing threat of anthelmintic drug resistance, it is important to better understand the 

level of GIN burden in Canadian dairy herds, particularly in heifers. 
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Given that there is evidence of anthelmintic resistance in cattle in the northern US 

and northern Europe, it would be reasonable to suspect that resistance is present in 

Canada because of similar climatic conditions and production practices. A better 

understanding of the GIN prevalence, burden and species is needed before examining the 

state of anthelmintic resistance. Furthermore, shifting consumer perceptions in Europe 

have led to production systems with reduced drug usage across the board, which may 

cause a divergence in anthelmintic resistance patterns in Europe compared to Canada. 

There is currently no anthelmintic resistance data available for the Canadian cattle 

industry, but a recent study in the Ontario sheep industry reported that 97% of farms 

sampled demonstrated ivermectin resistance (Falzon et al., 2013). Management and 

husbandry practices, such as indoor housing and limited pasture access; along with a 

colder climate and relatively low egg counts in previous GIN studies (Table 1.1) may 

have reduced the perceived importance of anthelmintic resistance studies in Canadian 

dairy cattle. Nonetheless, the Canadian cattle industry should not ignore the increasing 

evidence of anthelmintic resistance globally, and more sustainable GIN control practices 

to slow the spread of resistance are warranted.  

Given the lack of knowledge about GIN burden and species in Canadian dairy 

heifers, and in light of reports of the changing predominant GIN populations in cattle 

from other parts of the world (Stromberg et al., 2012; Yazwinski et al., 2013), it is 

important to assess the GIN situation in Canadian dairy heifers. This knowledge is 

necessary in order to make evidence-based recommendations for future GIN prevention 

and control and to contribute to the sustainability of the dairy industry in Canada. 
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1.7 Hypothesis and objectives 

This research focuses on the epidemiology of GIN in breeding-age dairy heifers in 

Canada. Compared to calves and cows, heifers are at the greatest risk of acquiring GIN 

since their immunity against GIN is still developing and they are more likely to be 

housed on pasture, which increases their exposure to nematode larvae. The aims and 

scope of this thesis, therefore, were:  

 Objective 1: To describe the prevalence, fecal egg counts and species of GIN 

in fecal samples from breeding-age dairy heifers from all 10 Canadian 

provinces (chapter 2). This objective was met by performing fecal egg counts 

and a nemabiome-sequencing assay on fecal samples collected from breeding-

age heifers on Canadian dairy farms. 

 Objective 2: To describe the gastrointestinal nematode management strategies 

in dairy heifers on Saskatchewan farms (chapter 3). This objective was met 

through a questionnaire administered to dairy farmers registered with the 

provincial producer marketing board, SaskMilk.  

 Objective 3: To determine the prevalence, fecal egg counts and species of 

GIN in fecal samples from breeding-age dairy heifers throughout a summer 

grazing season on six Saskatchewan dairy farms (chapter 3). This objective 

was met by performing fecal egg counts and a nemabiome sequencing assay 

on fecal samples collected from grazing heifers on six farms, three times at 

monthly intervals.  

This research will help close the knowledge gap that exists for GIN in Canadian 

dairy heifers and will provide baseline data for future studies. Knowing the FEC 
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intensities and species of GIN in Canada will help producers and veterinarians develop 

more sustainable anthelmintic treatment programs, slow the spread of anthelmintic 

resistance, and improve animal health, welfare and production. 
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CHAPTER 2: PREVALENCE, FECAL EGG COUNT INTENSITY AND 

SPECIES IDENTIFICATION OF GASTROINTESTINAL NEMATODES 

IN BREEDING-AGE HEIFERS IN CANADA 

 

This chapter presents the prevalence and fecal egg counts of gastrointestinal nematodes 

in breeding-age dairy heifers from across Canada. There is no current information on the 

intensity of gastrointestinal nematodes in this group of cattle, and this epidemiological study was 

the first step in closing this information gap. 

Chapter 2 is in preparation for submission for publication. The copyright of this chapter 

will belong to the journal in which it is published.  

This manuscript was originally drafted by Haley Scott with comments suggested from Drs. 

Fabienne Uehlinger, Murray Jelinski, Chris Luby and John Gilleard. Sample collection was 

performed by summer students from the Atlantic Veterinary College, l’Université de Montréal, 

Ontario Veterinary College, Western College of Veterinary Medicine and the University of 

Calgary Faculty of Veterinary Medicine. Fecal sample laboratory processing was performed by 

Brent Wagner, Sam Ekanayake, Taylor Gibson, Rochelle Braun and Kathleen Holweger. 

Molecular diagnostics were performed by Haley Scott under the guidance of Drs. John Gilleard, 

Elizabeth Redman and Russell Avramenko, and bioinformatic analysis of raw sequence data was 

performed by Dr. Elizabeth Redman at the University of Calgary, Alberta, Canada. Data 

analysis was performed by Haley Scott under the guidance of Drs. Fabienne Uehlinger and 

Cheryl Waldner. 
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2.1 Abstract 

Gastrointestinal nematodes (GIN) are a threat to the health and welfare of cattle 

worldwide and have substantial detrimental effects on cattle productivity. Furthermore, evidence 

of anthelmintic drug resistance is increasing worldwide. There is a scarcity of information 

regarding the GIN burden in Canadian dairy heifers. Additionally, there is no information on the 

predominant nematode species present in these heifers on which to make evidence-based 

recommendations for sustainable control. Therefore, fecal samples (n=2,369) were collected 

from breeding-age heifers on 306 dairy farms from all 10 Canadian provinces. Eggs per gram of 

feces (EPG) were determined using a Modified Wisconsin Double-Centrifugation Sugar 

Flotation Technique. Predominant GIN species at the farm-level were identified by deep 

amplicon nemabiome sequencing of the ITS-2 DNA locus of nematode L3 larvae. Predicted 

heifer prevalence and mean strongylid EPG, accounting for clustering on farms, were 20.9% 

(95% CI: 17.2 – 24.6%) and 1.1 EPG (95% CI: 0.6 – 1.6 EPG), respectively. Individual heifer 

egg counts ranged from 0 – 141 EPG (median: 0 EPG; interquartile range: 0 – 71 EPG). The 

predominant species were Cooperia oncophora and Ostertagia ostertagi. The results of this 

study are consistent with the literature for young cattle in temperate climates and they provide 

much needed epidemiological data on GIN in Canadian dairy heifers. This is particularly 

important considering emerging anthelmintic resistance and changing climate conditions. The 

use of the high-throughput deep-sequencing assay to determine nematode species, in 

combination with traditional egg count methods, provides improved opportunity to better 

investigate epidemiology and treatment efficacy in the future and to apply evidence-based, 

sustainable control strategies. 
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2.2 Introduction 

The first National Dairy Study (NDS) in Canada (Bauman, Barkema, Dubuc, Keefe, & 

Kelton, 2017) provided an opportunity to obtain valuable benchmarking information and 

scientific data from an important sector of the Canadian agricultural industry, similar to the 

National Animal Health Monitoring System (NAHMS) in the US. Although primarily invested 

in domestic consumption and trade, the Canadian dairy industry still contributed over $200 

million in dairy product exports in 2015 (CDIC, 2017). One area of focus of the NDS was on the 

prevalence and fecal egg count (FEC) intensities of gastrointestinal nematodes (GIN) in 

replacement heifers on Canadian dairy farms.  

Gastrointestinal nematodes are a threat to the health and welfare of cattle worldwide and 

their substantial detrimental effects on productivity in lactating dairy cattle are well documented 

(Areskog et al., 2013; Charlier et al., 2009; O’Shaughnessy et al., 2015). The value of lost 

production potential due to GIN was estimated to be $2 billion (USD) annually in the American 

cattle industry in 1997, and the costs of treatment and loss of production due to GIN were the 

second highest health-related cost on Dutch dairy farms in 2009 after mastitis (Coppieters et al., 

2009; Gasbarre, 1997). There has also been increasing evidence of anthelmintic resistance as a 

consequence of the routine blanket treatment of GIN with anthelmintic drugs, which has been the 

main stay of parasite control in livestock industries since the 1980s (Areskog et al., 2013; 

Sutherland & Leathwick, 2011).  

A review of the literature reveals a limited number of Canadian studies that have 

evaluated the GIN burden in dairy cattle. In 1989, Cox and Leminski reported that grazing dairy 

heifers in western Canada had a fecal egg count (FEC) of 16 eggs per gram of feces (EPG), and 

in 2002, Nødtvedt et al. reported a FEC of 1.1 EPG. More recent prevalence studies in northern 
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Europe found dairy heifers to have a FEC anywhere between 2 and 280 EPG (Areskog et al., 

2013; Geurden et al., 2015; Merlin et al., 2016). These European studies also report Cooperia 

oncophora and Ostertagia ostertagi as the predominant species in dairy cattle (Areskog et al., 

2013; Geurden et al., 2015). No current information exists on the GIN burden or predominant 

species present in breeding-age heifers in Canada. Identifying the predominant GIN species in 

Canadian dairy heifers will contribute to the development of more strategic and sustainable 

deworming protocols in the dairy industry.  

The average herd replacement rate between 2010 and 2015 was 38% in Canadian dairy 

herds (CDIC, 2017). Improving management of GIN in replacement heifers has the potential to 

improve heifer production through increased nutrient absorbance, increased dry matter intake 

and future milk production, and possibly improved reproductive performance (Fox, 1997; 

Gasbarre, 1997; Gibbs, 1982). Given the well-documented impact of internal parasite burdens on 

cattle health and production as well as increasing anthelmintic drug resistance, the main aim of 

this study was to address the lack of information regarding GIN in Canadian dairy heifers. The 

specific objectives of this study were to: 1) determine the GIN prevalence and FEC intensity, and 

2) to identify and quantify the predominant GIN species in breeding-age heifers on Canadian 

dairy farms.  

2.3 Materials and Methods 

2.3.1. Selection of farms 

The data for this chapter was collected as part of the large multi-institutional NDS 

(Belage, Dufour, Bauman, Jones-Bitton, & Kelton, 2017). That study consisted of two phases 

and fecal samples for this chapter were collected during phase II. Figure 2.1 shows how the 

farms for this chapter were selected through the NDS.  
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Figure 2.1 Sampling scheme for collecting fecal samples from breeding-age dairy heifers in 

Canada as part of the National Dairy Study (Belage et al., 2017) and corresponding data tables 

and figures.  

1CDIC, 2017. 
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In brief, participating farms were selected as follows: as part of the NDS, all ~12,000 

registered Canadian dairy producers were invited to participate in a phase I survey in the spring 

of 2015 (Belage et al., 2017). The survey asked comprehensive questions about their dairy cattle 

husbandry, management and welfare practices. In total, 1,373 Canadian dairy farmers 

participated in that phase I survey, representing approximately 11% of all Canadian dairy herds 

(Belage et al., 2017). Of the producers participating in phase I, 1,193 producers agreed to 

participate in a phase II survey, which included a site visit for collection of benchmarking data 

on dairy cattle health and management in the summer of 2015, including the fecal samples 

collected for this chapter (Belage et al., 2017). From the pool of 1,193 producers that volunteered 

to participate in phase II, dairy farms were randomly selected in each province. Resources 

through the NDS were available to sample approximately 360 farms in total across Canada 

(Figure 2.1). To try and ensure regional representation of the Canadian dairy farm population the 

number of farms to be selected in each province was based on the percentage of dairy farms in 

that province relative to the total number of dairy farms in Canada. Therefore, the aim was to 

have approximately the following regional distribution of selected farms: 43% from Québec, 

35% from Ontario, 13% from western Canada (British Columbia, Alberta, Saskatchewan, 

Manitoba) and 8% from Atlantic Canada (Newfoundland, Prince Edward Island, Nova Scotia, 

New Brunswick).  

2.3.2 Fecal sample collection  

Fresh environmental fecal samples were collected from individual breeding-age heifers 

immediately after defecation between May and September 2015. The definition of breeding-age 

heifers for the purpose of this study was a bred heifer or replacement heifer present on the farm 

and which, at the time of sampling, was under observation for heat with intent to be bred. All 
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breeding-age heifers on each farm were sampled up to a maximum of 10 heifers per farm, as 

outlined in the World Association for the Advancement of Veterinary Parasitology (WAAVP) 

guidelines for sampling cattle herds (Coles et al., 1992). Each farm was only sampled once 

during the study. Information about the age range of the sampled heifers and whether they had 

access to pasture was collected where possible. Fecal samples were collected into leak-proof 

containers and shipped in coolers with ice (not in direct contact with ice) by courier to the 

laboratory at the Western College of Veterinary Medicine in Saskatoon, SK, Canada. This study 

was approved by the University of Saskatchewan Committee on Animal Care and Supply and the 

Animal Research Ethics Board; approval number: 20150037.   

2.3.3 Fecal floatation  

Fecal egg counts (FEC) were performed on each individual sample using the Modified 

Wisconsin Double-Centrifugation Sugar Floatation Technique. Briefly, 5g of feces were mixed 

with 12mL of water and strained through cheesecloth into a 15mL test tube. The pellet was 

mixed with Sheather’s solution (specific gravity: 1.27) and centrifuged twice, a coverslip was 

placed on top of the test tube, which was allowed to rest for at least 20 minutes on the benchtop 

to maximize egg flotation. This technique has a reported diagnostic sensitivity of < 10 EPG 

based on 5g of feces (Zajac & Conboy, 2012). Samples were examined using light microscopy at 

40x magnification (4x objective magnification and 10x eyepiece magnification) and the number 

of strongylids, Nematodirus spp., and Trichuris spp. eggs were recorded. Strongylids were 

indistinguishable from one another, and likely included Ostertagia spp., Haemonchus spp., 

Cooperia spp., Oesophagostomum spp., Trichostrongylus spp., and Bunostomum spp. Eggs per 

gram of feces (EPG) was calculated by dividing the egg counts by the original weight of the 

sample. 
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2.3.4 Larval coproculture 

For each farm (regardless of individual heifers’ FEC results), equal amounts of fecal 

material from all heifers sampled on that farm were combined (to a maximum of 80g) and mixed 

with vermiculite in a culture glass and tap water was added until the mixture reached a paste-like 

consistency. The coproculture was incubated for 10-12 d at 27°C to allow hatching of third-stage 

larvae (L3); coprocultures were checked daily and sprayed with water when needed to ensure a 

slightly moist environment. After 10-12 d, the culture glasses were filled with water, inverted 

into a petri dish and allowed to stand overnight without light; the L3 were then collected from 

the supernatant in the petri dish, semi-quantified using a grading scheme (+: 1 to 20 larvae, ++: 

21 to 50 larvae, +++: > 50 larvae) and stored in 2mL cryotubes in 70% ethanol at 4°C. Prior to 

DNA analysis, the number of L3 in each sample was estimated by removing the ethanol in the 

cryotube down to 300μL, counting the number of larvae in a 10μL aliquot, and multiplying by 30. 

2.3.5 Larval species identification 

 The proportions of gastrointestinal nematode species present in fecal samples was 

determined using a deep sequencing nemabiome assay targeting the internal transcribed spacer 

(ITS-2) rDNA genomic locus. DNA was extracted from farm-level pooled L3 larvae populations 

and the ITS-2 rDNA locus was PCR amplified and sequenced using the methods described by 

Avramenko et al. (2015). Briefly, larvae were digested by freezing and thawing before adding 

proteinase K, and subjected to mechanical agitation to prepare DNA lysates. Initial PCR 

amplification was performed using the following cycling conditions: 95°C for 3 minutes, 

followed by 98°C for 20 seconds, 62°C for 15 seconds, 72°C for 15 minute for 35 cycles and a 

final extension of 72°C for 2 minutes. The PCR products were purified using magnetic bead 

purification (MicroElute Cycle-Pure Kit, OMEGA Bio-Tek), and an agarose gel electrophoresis 
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was performed to confirm successful amplification. Unique combinations of Illumina index tags 

were added to each amplicon using a second limited-cycle PCR amplification performed with the 

following thermocycling conditions: 98°C for 45 seconds, followed by 98°C for 20 seconds, 

63°C for 30 seconds, 72°C for 2 minutes for 7 cycles and a final extension held at 10°C. Next 

generation sequencing was performed using Illumina MiSeq Desktop Sequencer, which 

simultaneously sequences up to 25 million amplicon molecules in the pooled samples.  

2.3.6 Statistical analysis 

Data were entered into a commercial spreadsheet program (Excel 2013; Microsoft Corp., 

Redmond, Washington, USA) and imported into a statistical software package (Stata SE version 

14, Stata, College Station, Texas, USA). Where known, for each farm the ages of the heifers 

available at the time of sampling were divided into three categories based on the interquartile 

(IQR) of the age distribution: 6-12 months, 13-15 months, or 16+ months. Access to pasture was 

recorded as a binary variable where that information was available; when heifers had no access 

to pasture at the time of sampling or had no access to pasture throughout the entirety of the 

grazing season was not distinguished, and was grouped as ‘no access to pasture’. The number of 

farms and the number of samples collected per farm were reported by province. Descriptive 

summary statistics for the raw gastrointestinal nematode prevalence (and exact 95% confidence 

interval (CI)) and geometric mean EPG (± standard deviation (SD), range, median and IQR) in 

all heifers were calculated separately for all strongylids, Nematodirus spp. and Trichuris spp.   

Generalized estimating equations (GEE) were used to estimate predicted parasite 

prevalence and mean EPG in all heifers to allow for clustering within herds. The initial null or 

intercept-only GEE model for the overall predicted prevalence used a binomial distribution and 

logit link function with an exchangeable within-group correlation structure and robust standard 
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error (to account for overdispersion within the data). The overall mean strongylid, Nematodirus 

spp. and Trichuris spp. EPG was also determined using a null GEE model with a negative 

binomial family and log link function with an exchangeable within-group correlation structure 

and robust standard error. 

Due to the overall low raw prevalence of Nematodirus spp. and Trichuris spp., 

subsequent analyses were restricted to strongylids only. The effects of province, age and pasture 

access on the strongylid prevalence and mean EPG were also assessed with fixed effects 

introduced in the above GEE models. The provinces of Newfoundland, Prince Edward Island, 

New Brunswick and Nova Scotia were combined to represent ‘Atlantic Canada’ due to negative 

FEC on all farms sampled in Newfoundland. Combining the Atlantic Provinces ensured that all 

provinces sampled in the study were represented in the respective GEE models. Due to 

incomplete data on housing and age, three separate GEE models were computed: 1) province 

only with the full data set; 2) a subset of the data using province and mean age category 

information; and 3) a subset of the data using province, mean age category and pasture access 

information. Each independent variable (province, age, pasture access) was forced into a model 

and plausible interaction terms (province and age, pasture access and age) were evaluated. The 

final GEE model for each outcome was produced by manual stepwise backwards elimination. 

The interaction term was retained in the GEE if found to be statistically significant based on a 

Wald’s test at a p-value ≤ 0.05. The effects of retained predictor variables on the predicted 

prevalence and mean EPG of strongylids were assessed using post-hoc pairwise comparison with 

a level of significance set at a p-value of ≤ 0.05.  

 Bioinformatic analysis was performed on the ITS-2 rDNA Illumina raw sequence data to 

assign nematode species identity to individual Illumina sequence reads. The number of species-



 28 

specific sequence reads divided by the total number of reads per sample, and multiplied by the 

appropriate correction factor, provided the relative nematode species proportions. The nematode 

species proportions were reported with the corresponding geometric strongylid FEC and 

estimated starting number of L3 larvae for those farms. A detailed summary of the analysis 

methods can be found at https://ucvm.github.io/nemabiome/index.html. 

2.4 Results 

2.4.1 Descriptive summary of samples and sampled population 

A total of 357 dairy farms were sampled across Canada: 132 (37%) from Ontario, 118 

(33%) from Québec, 56 (16%) from western Canada (19 from Alberta, 18 from British Columbia, 

10 from Saskatchewan and 9 from Manitoba) and 51 (14%) from Atlantic Canada (18 from 

Prince Edward Island, 16 from Nova Scotia, 14 from New Brunswick, 3 from Newfoundland). 

However, fecal samples from only 306 of these farms could be included in the analyses for this 

chapter due to sampling errors (such as sampling the same animal multiple times and including 

non-fresh fecal samples from environmental fecal pads). The 306 farms were distributed across 

all 10 Canadian provinces and included: 122 (40%) farms from Ontario, 84 (27%) farms from 

Québec, 55 (18%) farms from western Canada (18 each from Alberta and British Columbia, 10 

from Saskatchewan, 9 from Manitoba) and 45 (15%) farms from Atlantic Canada (17 from 

Prince Edwards Island, 13 from Nova Scotia, 12 from New Brunswick, 3 from Newfoundland). 

A total of 2,369 breeding-age heifers were sampled from these 306 farms. The median number of 

heifers per farm at the time of sampling was 16 heifers (range: 1-80 heifers) and the median 

number of heifers sampled per farm was 10 heifers (range: 1-11 heifers). Age information was 

available for 1,881 heifers (1,881/2,369 = 79.4%); the mean age was 14 months (SD = 2) with an 

overall range of 6 to 26 months. The mean number of days between sample collection and fecal 
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egg counting was 11.4 days. 

2.4.2 Overall prevalence, mean and range of fecal egg counts 

 The raw prevalence and mean FEC of all heifers for strongylid, Nematodirus spp. and 

Trichuris spp. eggs are depicted in Appendix A (Tables A2.1 to A2.3). The medians and ranges 

reflect the non-normal distribution of the egg counts for all nematodes. Strongylids were more 

frequent at 20% of all samples compared to Nematodirus spp. and Trichuris spp., at 4% and 10%, 

respectively. The mean strongylid FEC was 1.4 EPG compared to that of the Nematodirus spp. 

or the Trichuris spp. counts, which were 0.6 and 0.4 EPG, respectively. 

The overall predicted (null model GEE-derived) strongylid, Nematodirus spp. and 

Trichuris spp. prevalence and mean FEC, accounting for clustering on farms, are summarized in 

Table 2.1. Strongylids were the most prevalent at 20.9% (95% CI: 17.2-24.6%) and accounted 

for the majority of the FEC at 1.1 EPG (0.6-1.6 EPG) compared to Nematodirus spp. (4.1% and 

0.1 EPG) or Trichuris spp. (10.2% and 0.1 EPG; Table 2.1).  
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Table 2.1 Predicted prevalence (95% confidence interval) and mean fecal egg counts (95% 

confidence interval) measured in eggs per gram feces (EPG) derived from the null GEE models, 

accounting for clustering on farms, for strongylids, Nematodirus spp., Trichuris spp. in 2,369 

breeding-age dairy heifers from 306 farms in 10 Canadian provinces.   

 Prevalence % (95% CI#)   Mean EPG (95% CI) 

Strongylids 20.9 (17.2-24.6)  1.1 (0.6-1.6) 

Nematodirus spp. 4.1 (2.9-5.3)  0.1 (0.0-0.2) 

Trichuris spp. 10.2 (8.3-12.0)  0.1 (0.0-0.2) 
# Confidence interval 

 

2.4.3 Effect of province on the predicted prevalence and geometric mean EPG of 

strongylids  

The GEE models for the predicted strongylid prevalence and mean EPG by province are 

reported in Appendix A (Tables A2.4 and A2.5, respectively). This model included all 2,369 

heifers from all 10 provinces. Table 2.2 shows the predicted strongylid prevalence by province.  



 

3
1
 

Table 2.2 Predicted prevalence (95% confidence interval) of strongylid eggs derived from a generalized estimating equation model, 

accounting for clustering by herds, in 2,369 breeding-age dairy heifers on 306 farms in 2015, by province.  

  

Province (# of farms) 

ON  

(n=122) 

QC  

(n=84) 

Atl. 

Canada* 

(n=45) 

MB  

(n=9) 

SK 

(n=10) 

AB  

(n=18) 

BC 

(n=18) 

Overall$ 

(n=306) 

# of heifers 900 602 360 85 91 159 172 2,369 

Prevalence  

(95% CI#) 

26.0 

(20.0-32.2) 

18.5 

(11.8-25.2) 

16.8 

(8.1-25.5) 

24.1 

(2.3-45.8) 

16.4 

(0-34.3) 

16.6 

(3.2-30.0) 

12.8 

(0.8-24.9) 

20.9 

(17.2-24.6) 

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

$Overall predicted prevalence derived from the null (intercept-only) model 

#Confidence interval
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Heifers from ON had the highest strongylid prevalence at 26% (95% CI: 20.0-32.2%), 

while heifers from BC had the lowest prevalence at 12.8% (95% CI: 0.8-24.9%); however, there 

was no statistically significant difference in the prevalence among the provinces (lowest p = 

0.12). The mean predicted FEC for each province, measured in EPG, is depicted in Figure 2.2. 

SK had the highest EPG of 2.6 EPG (95% CI: 0-7.47 EPG) while AB had the lowest mean FEC 

at 0.2 EPG (95% CI: 0-0.41 EPG). Ontario had a significantly higher FEC than QC, MB, AB or 

BC (p < 0.05; Figure 2.2).  
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Figure 2.2 Predicted mean (error bars indicate 95% confidence interval) number of strongylid 

eggs per gram of feces (EPG) based on negative binomial model, accounting for clustering on 

farms. Data represent 2,369 breeding-age heifers from 306 farms in 10 Canadian provinces. 

Statistical significance (p < 0.05) between superscript pairs (a and b), (c and d) and (e and f). 

 

2.4.4 Effect of province and mean age on the predicted prevalence and geometric mean 

EPG of strongylids 

When mean age of sampled heifers was included in the GEE models for predicted 

prevalence and mean EPG by province, the number of available observations was reduced to 

1,881 heifers from 244 farms; all 10 provinces remained represented. The final model for the 

predicted prevalence is depicted in Appendix A (Table A2.6) and included province (p = 0.65) 

and mean age (p = 0.002). There was no interaction between province and mean age (p = 0.09). 

The final model for the predicted mean EPG is depicted in Appendix A (Table A2.7) and 

included province (p < 0.001) and mean age (p = 0.008). Model convergence could not be 
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achieved when including an interaction term between mean age and province likely because 

certain mean age groups were not available from a number of different provinces. Heifers 13-15 

months old had the lowest predicted prevalence at 16.3% (95% CI: 11.5-21.0%) while heifers 

≥16 months old had the highest prevalence at 35.6 % (95% CI: 24.3-46.8%; Table 2.3). The 

predicted prevalence in heifers ≥16 months old was significantly higher compared to that of 

heifers aged 13-15 months (p = 0.001). Similarly, heifers 13-15 months old also had the lowest 

mean FEC (0.8 EPG; 95% CI 0.3-1.3 EPG), which differed significantly from that of younger 

(2.7 EPG; 95% CI: 0.2-5.2 EPG; p = 0.02) and older heifers (2.8 EPG; 85% CI: 1.1-4.5 EPG; p = 

0.004; Table 2.3). 

Although the predicted prevalence in each province remained relatively unchanged and 

there were also no significant differences among the provinces (lowest p = 0.19), the predicted 

FEC for SK increased substantially when the mean age of heifers was included as a fixed effect 

(Table 2.3). The predicted FEC for SK was significantly higher (p ≤ 0.01) than that of QC, MB 

and AB. The mean FEC also differed significantly between other provinces (Table 2.3; 

statistically significant differences not depicted).  
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Table 2.3 Predicted prevalence (95% confidence interval) and geometric mean fecal egg count (95% confidence interval) measured in 

eggs per gram of feces (EPG) of strongylid eggs derived from a generalized estimating equation model, accounting for clustering by 

herds, in 1,881 breeding-age dairy heifers on 244 farms in 2015, by province and mean age of sampled heifers.  

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

#Confidence interval 

Statistical significance (p < 0.05) between superscript pairs (a and b) and (c and d) 

 
Province  

(# of farms) 

ON 

(n=105) 

QC 

(n=72) 

Atl. Canada* 

(n=37) 

MB 

(n=3) 

SK 

(n=5) 

AB 

(n=7) 

BC 

(n=15) 

Overall 

(n=244) 

Overall prevalence (95% CI#)        

 
25.8  

(19.1-32.5) 

19.1  

(11.7-26.5) 

19.0  

(8.8-29.2) 

20.7  

(0-55.6) 

19.9  

(0-47.7) 

11.6  

(0-26.6) 

12.8  

(0-28.9) 

21.4  

(17.2-25.5) 

Prevalence by age (95% CI)      

6-12 mo 
30.4  

(16.7-44.1) 

22.6  

(8.8-36.5) 

22.5  

(7.2-37.8) 

24.5  

(0-65.3) 

23.5  

(0-58.1) 

13.8  

(0-31.7) 

15.1  

(0-34.5) 

25.1  

(13.9-36.2) 

13-15 mo 
20.1  

(13.4-26.9) 

14.4  

(7.8-21.0) 

14.3  

(5.0-23.6) 

15.8  

(0-45.2) 

15.1  

(0-38.4) 

8.4  

(0-20.2) 

9.3  

(0-22.3) 

16.3  

(11.5-21.0)a 

≥16 mo 
42.1  

(27.5-56.6) 

32.7  

(18.9-46.5) 

32.5  

(16.1-50.0) 

35.1  

(0-86.7) 

33.8  

(0-74.7) 

21.0  

(0-47.6) 

22.9  

(0-50.4) 

35.6  

(24.3-46.8)b 

Overall mean EPG (95% CI)        

 1.5 (0.6-2.3) 0.8 (0.2-1.4) 2.2 (0-5.0) 0.1 (0-0.4) 9.5 (0-26.4)  0.1 (0-0.1) 0.5 (0-1.3) 1.5 (0.8-2.2) 

Mean EPG by age (95% CI)      

6-12 mo 2.6 (0-5.4) 1.5 (0-3.0) 4.0 (0-9.6) 0.2 (0-0.7) 17.3 (0-52.1) 0.1 (0-0.2) 0.9 (0-2.3) 2.7 (0.2-5.2)c 

13-15 mo 0.8 (0.3-1.2) 0.4 (0.1-0.7) 1.2 (0-3.1) 0.07 (0-0.2) 5.1 (0-14.2) 0.03 (0-0.07) 0.3 (0-0.7) 0.8 (0.3-1.3)d 

≥16 mo 2.7 (0.7-4.8) 1.5 (0.1-2.9) 4.2 (0-9.2) 0.2 (0-0.7) 17.9 (0-51.0) 0.1 (0-0.3) 0.9 (0-2.5) 2.8 (1.1-4.5)c 
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2.4.5 Effect of province, mean age and pasture access on the predicted prevalence and 

geometric mean EPG of strongylids 

When pasture access (yes/no) was forced into the GEE models with province and mean 

age of sampled heifers as fixed effects, the number of available observations was further reduced 

to 1,059 heifers from 138 farms. There was no information on pasture access in sampled heifers 

from SK and MB and, therefore, the total number of provinces was reduced to eight in these 

models.  

After manual stepwise backward elimination, the final model for the predicted prevalence 

included province (p < 0.001), mean age (p = 0.06), pasture access (p < 0.001) and a significant 

interaction term between pasture access and mean age (p = 0.048; Appendix A Table A2.8).  

The final model for the predicted mean EPG including province, mean age and pasture 

access as fixed effects is depicted in Appendix A (Table A2.9). It included province (p < 0.001), 

mean age (p = 0.81) and pasture access (p < 0.001). There was no significant interaction between 

pasture access and mean age (p = 0.24).  

The predicted strongylid prevalence was significantly lower in AB compared to the other 

provinces (all p < 0.001), although the number of heifers included from AB in this model was 

reduced to just 36 heifers from four farms (Table 2.4). The prevalence in the different age 

categories depended on whether heifers had access to pasture or not; in all age categories, the 

prevalence was significantly higher in heifers that had access to pasture compared to those that 

did not (p < 0.001). The predicted mean FEC differed significantly between various provinces 

(Table 2.5; statistically significant differences not depicted). For example, AB had a significantly 

lower mean FEC compared to all other provinces (all p < 0.001). Figure 2.3 depicts the mean 

fecal egg counts for each province derived from the three different models.  
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Table 2.4 Predicted prevalence (95% confidence interval) of strongylid eggs derived from a generalized estimating equation model, 

accounting for clustering by herds, in 1,059 breeding-age dairy heifers on 138 farms in 2015, by province, mean age and pasture 

access (yes/no) of sampled heifers. 

 

 
Province (# of farms) 

 ON 

(n=56) 

QC 

(n=46) 

Atl. Canada* 

(n=20) 

AB 

(n=4) 

BC 

(n=12) 

Overall 

(n=138) 

Overall prevalence  (95% CI#)     

 23.9 (17.6-30.1)a 18.6 (12.7-24.5)a 24.2 (13.9-34.5)a 1.9 (0-7.5)b 23.4 (9.3-37.5)a 21.2 (17.3-25.0) 

Prevalence by age (95% CI)     

6-12 mo 24.7 (17.2-32.3) 22.2 (15.2-29.3) 24.9 (16.3-33.5) 4.5 (0-16.5) 24.5 (15.1-33.9) 23.2 (16.3-30.0) 

13-15 mo 24.5 (16.9-32.2) 18.7 (11.5-25.9) 24.9 (13.4-36.3) 1.3 (0-6.1) 24.0 (8.5-39.5) 21.8 (16.8-26.9) 

≥16 mo 20.1 (8.7-31.4) 14.5 (5.6-23.3) 20.4 (5.2-35.6) 0.8 (0-3.7) 19.5 (1.3-37.8) 17.5 (8.3-26.8) 

Pasture access (95% CI)     

No 9.7 (4.3-15.2) 6.1 (1.6-10.6) 9.9 (1.4-18.5) 0.2 (0-1.1) 9.3 (0-20.1) 8.3 (4.5-12.1)a 

Yes 71.1 (56.1-86.2) 60.4 (44.3-76.4) 71.7 (51.7-91.6) 6.5 (0-27.0) 70.3 (42.3-98.2) 65.5 (52.2-78.8)b 

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

#Confidence interval 

a,bStatistical significance between differing superscripts (p ≤ 0.05).
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Table 2.5 Predicted geometric mean fecal egg count (95% confidence interval) measured in eggs per gram of feces (EPG) of 

strongylid eggs derived from a generalized estimating equation model, accounting for clustering by herds, in 1,059 breeding-age dairy 

heifers on 138 farms in 2015, by province, mean age and pasture access (yes/no) of sampled heifers. 

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

#Confidence interval 

a,bStatistical significance between differing superscripts (p < 0.001).

 

 
Province (# of farms) 

 ON 

(n=56) 

QC 

(n=46) 

Atl. Canada* 

(n=20) 

AB 

(n=4) 

BC 

(n=12) 

Overall 

(n=138) 

Overall mean EPG (95% CI#)      

 2.9 (2.2-3.5) 0.7 (0.5-0.8) 2.1 (1.4-2.8) 0.02 (0-0.05)  0.6 (0.3-0.9) 1.7 (1.4-2.0) 

Mean EPG by age (95% CI)       

6-12 mo 2.1 (1.4-2.9) 0.5 (0.3-0.7) 1.6 (0.9-2.2) 0.01 (0-0.04) 0.4 (0.2-0.7) 1.3 (0.9-1.7) 

13-15 mo 3.1 (2.3-4.0) 0.7 (0.5-0.9) 2.2 (1.5-3.0) 0.02 (0-0.06) 0.6 (0.3-0.9) 1.8 (1.4-2.3) 

≥16 mo 3.0 (2.1-4.0) 0.7 (0.5-0.9) 2.2 (1.3-3.1) 0.02 (0-0.06) 0.6 (0.3-1.0) 1.8 (1.3-2.3) 

Pasture access  (95% CI)      

No 0.4 (0.3-0.5) 0.1 (0.07-0.1) 0.3 (0.2-0.4) 0.003 (0-0.008) 0.08 (0.04-0.1) 0.3 (0.2-0.3)a 

Yes 11.3 (8.4-14.3) 2.6 (1.9-3.3) 8.3 (5.5-11.1) 0.07 (0-0.02) 2.3 (1.0-3.5) 6.9 (5.4-8.5)b 
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Figure 2.3 Predicted mean (error bars indicate 95% confidence interval) number of strongylid 

eggs per gram of feces (EPG) based on negative binomial model, accounting for clustering on 

farms. Data represent 2,369 heifers from 306 farms (dark gray bars), 1,881 heifers from 244 

farms (dotted bars; SK 95% CI: 0-26.4 EPG), and 1,059 heifers from 138 farms (light gray bars; 

* no housing information was available for MB and SK).
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In all heifers with access to pasture, the predicted mean FEC was significantly higher 

compared to the same age group without access to pasture (all p < 0.001). Although there was no 

significant interaction between pasture access and mean age in the final model, the predicted 

mean FEC of heifers within the same age-category depended on whether the heifers had access 

to pasture or not (Figure 2.4). 

 

Figure 2.4 Predicted mean (error bars indicate 95% confidence interval) strongylid fecal egg 

count (EPG) based on mean heifer age and housing interaction (n=1,059), accounting for 

clustering on farm. Statistical significance between differing superscripts (p < 0.001).
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2.4.6 Larval species identification using nemabiome assay 

Of the 306 larval cultures (one pooled culture per farm), L3 were only present in 58 

farms; all other samples either contained no larvae, or contained free-living stage nematode 

larvae only. The 58 L3-positive samples were submitted for genomic sequencing. DNA from the 

ITS-2 of larvae was successfully amplified for 47 of the 58 farms; all provinces were represented 

in the genomic analysis except NL (Figure 2.5). All farms had a mean FEC of < 10 EPG except 

ON24 (21.2 EPG), PE1 (48.4 EPG) and QC11 (20.1 EPG; Figure 2.5A).  

The nematode species found were Ostertagia ostertagi (detected in 100% of the samples), 

Cooperia oncophora (100%), Trichostrongylus axei (100%), Oesophagostomum radiatum 

(80.4%), Haemonchus placei (45.1%), Cooperia punctata (33.3%), Oesophagostomum 

venulosum (15.7%), and Trichostrongylus vitrinus (7.8%). The predominant species that 

accounted for over 50% of the L3 larvae in over 90% of the samples were Ostertagia ostertagi 

and Cooperia oncophora (Figure 2.5B). Oesophagostomum radiatum was detected on 80% of 

the farms, but it was the dominant species (> 50%) on three farms (Figure 2.5B). Nematodirus 

spp. and Trichuris spp. were also recorded during the egg count procedure, but were not detected 

in the nemabiome-sequencing assay. The estimated number of L3 larvae in each sample was 

recorded; the samples containing the lowest number of larvae were estimated to have between 1-

30 larvae (Figure 2.5C). All farms contained < 1000 larvae, except one farm from PE1, which 

contained 3,360 L3 larvae (Figure 2.5C).  
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Figure 2.5 (A) Geometric mean fecal egg counts (EPG; raw data). (B) Nematode species from 

deep-sequencing nemabiome assay of the ITS-2 DNA region of L3 larvae. Bars represent 100% 

of the larvae in the sample. (C) Estimated starting number of L3 larvae for each farm; asterisks 

indicate samples with < 30 larvae. All samples (n=47) denoted by province and farm number.  

 

 

 

A 

B 

C 
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2.5 Discussion 

This is the first study that aimed to determine the prevalence and FEC of GIN in 

breeding-age dairy heifers in Canada. The overall prevalence and fecal egg counts of strongylids, 

Nematodirus spp. and Trichuris spp. were low, and strongylids were the most prevalent and 

abundant. The egg counts found in this study were comparable to previous studies in Canada that 

found dairy heifers to have mean FEC of 1.1, 16 and 28 EPG (Cox & Lemiski, 1989; Elsener et 

al., 2001; Nødtvedt et al., 2002b). A recent study in Sweden found dairy heifers to have an 

arithmetic mean FEC of 255 EGP, while another study reported arithmetic mean FEC ranging 

between 116 and 280 EPG in Germany, France and the UK (Areskog et al., 2013; Geurden et al., 

2015). The egg counts observed in the current study were lower than those in European countries, 

likely due to more temperate climates, as well as different husbandry practices; for example, 

dairy heifers are commonly grazed in Europe and livestock laws restrict the use of anthelmintic 

products in some countries (Dimander et al., 2003). In the current study, many farms indicated 

that heifers had no access to pasture, and the deworming history of the heifers was not available. 

There was no difference in strongylid prevalence among the provinces, but several provinces 

differed in their predicted FEC (where province was the only factor). These differences may be 

due to regional climate differences, or farm-level management systems (i.e. tie-stalls, free-stall, 

grazed) or deworming protocols. Additionally, there was often more than a week between 

sample collecting and fecal float processing, and if there was a lack of anaerobic conditions 

within the sampling bag, a portion of the eggs may have hatched between collection and 

processing. This would have resulted in a lower FEC. For example, Saskatchewan had a 

markedly higher FEC than several other provinces, and this could be because laboratory 

processing was performed in SK and there was simply less transit time between sample 
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collection and processing, and therefore less time for the eggs to hatch compared to the other 

provinces.  

The WAAVP has accepted the FEC method as a cost-effective and non-invasive way to 

estimate the adult worm burden in cattle (Coles et al., 1992). In the current study, a maximum of 

10 heifers were sampled per farm. But according to Gasbarre et al. (1996), in order to accurately 

estimate the FEC of a herd, 15-20 animals should be sampled to ensure that at least one high 

egg-shedding animal is included in the sample, mirroring the average FEC composition of the 

herd. It is possible, therefore, that the current study underestimated the herd-level FEC of some 

farms.  Although fecal egg counts are a relatively simple way of estimating GIN burdens, as the 

materials are easy to obtain/prepare and the procedure is straightforward, they are at best a proxy 

method of assessing the GIN burden of cattle. Adult nematode fecundity, season, environmental 

conditions and host immune status can all affect how many eggs are shed. For example, a female 

O. ostertagi produces approximately 50 eggs per day, C. oncophora up to 3,000 eggs per day, 

and Haemonchus spp. up to 15,000 eggs per day (Coyne et al., 1991; Sutherland & Leathwick, 

2010). At the same time, some nematode species undergo hypobiosis during the winter months, 

and during this period they may not be shedding any eggs at all. Because of these limitations, 

care should be taken when interpreting egg count data (Gibbs, 1982; Sutherland & Leathwick, 

2010). Despite these drawbacks, egg counts are suitable to estimate the adult nematode burden in 

young grazing cattle (first and second season grazers), but they are more unreliable in older cattle, 

particularly O. ostertagi (Balic et al., 2000). As immunity builds against GIN, the accuracy of 

egg counts to predict adult nematode burden declines (Balic et al., 2000; Forbes et al., 2004; 

Gasbarre, 1997). The average age of heifers in this study was 14 months, and so egg counts were 

deemed appropriate to estimate GIN burden in these heifers.  
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 Generalized estimating equation models were used to adjust the strongylid egg counts in 

this study, using a negative binomial distribution and log-link function. This type of model was 

selected to evaluate the egg counts because it takes into account the correlation of the 

observations, or the clustering, among the samples from the same farm. Due to the nature of the 

GIN life cycle, heifers shedding high numbers of nematode eggs increase the exposure of their 

pasture mates; thus the heifers from the same herd are at a higher risk of GIN infection. In other 

words, heifers within a herd are more likely to have similar egg counts than heifers from another 

herd. A negative binomial distribution was selected to account for the overdispersion of zero egg 

counts in the data, making this type of distribution more representative of the true mean FEC. 

Robust standard error estimates were included in the model to account for the lack of 

independence among the observations. Accounting for these effects in the GEE model, 1 in 5 

heifers was found to harbor strongylids, and the predicted FEC was generally low across all 10 

provinces. In the second model, accounting for province and age information, the predicted 

strongylid FEC increased dramatically in SK, although the counts for other provinces remained 

relatively unchanged. While the mean SK FEC increased, the 95% CI was very large, and may 

be due the reduced sample size. The majority of the samples in the SK population were derived 

from the 13 to 15-month-old heifers and had a markedly higher FEC than the heifers from other 

provinces in that age category. As previously mentioned, the time between sample collection and 

laboratory processing may have been less for SK than other provinces because processing was 

performed in SK. In the third model, accounting for province, age and housing information, MB 

and SK were eliminated from the analyses as no housing information was recorded for the 

heifers sampled in these provinces. In all three models, the prevalence and FEC over the entire 

heifer population were maintained at just over 20% and under 2 EPG, respectively. 
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When heifer age and access to pasture were incorporated into a model, these parameters 

were shown to have an impact on the observed counts. Although this restricted subset of the data 

only accounts for 44.7% of the available number of observations (1,059/2,369), the results 

highlight the critical role that grazing has on the transmission of GIN. Heifers that had access to 

pasture had a significantly higher FEC than heifers in the same age category that did not have 

any pasture access. These results support the information that access to pasture increases 

exposure to GIN, and grazing on pasture is one of the greatest risk factors for acquiring GIN 

infections (Stromberg & Averbeck, 1999; Sutherland & Leathwick, 2010; Williams, Knox, & 

Loyacano, 1993). Subsequently, heifers with no access to pasture were at a lower risk of 

acquiring GIN infections and FEC remained low across all age groups. Still, exposure to GIN in 

the first grazing season is necessary to build host immunity (Dorny et al., 1999; Eysker, 

Boersema, Kooyman, & Ploeger, 2000). For grazing heifers, the exposure in the first season 

would ideally be low enough as to not cause disease or significantly reduced growth, yet high 

enough to build a sufficient immune response against GIN (Eysker et al., 2000). In regards to 

heifer age, there was no significant difference in FEC among the age groups that either had 

access to pasture or those heifers that had no access to pasture. Although it may be expected that 

younger heifers would have higher FEC than older heifers, since nearly all the heifers in this 

study were under two years of age and 50% of the heifers were between 13 and 15 months old, 

this may not be a wide enough age range to observe any real differences in FEC. 

 The GIN species in this study were determined using a next generation sequencing 

method of the ITS-2 DNA region of nematode larvae. Of the 306 farms, L3 were successfully 

harvested from only 58 farms, which may have been because several farms had a FEC of zero; 

subsequently no larvae were harvested from those farms. Of the 58 samples submitted for the 
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nemabiome assay, DNA amplification was unsuccessful for 11 samples, which may be attributed 

to low DNA concentrations or poor DNA quality (i.e. low number of L3 larvae in the sample, 

insufficient DNA extraction during larval digestion procedure). The predominant nematode 

species found on the resulting 47 farms were Ostertagia ostertagi and Cooperia oncophora. 

Together, they accounted for over 50% of the nematodes found in over 90% of the farms. These 

two species often co-inhabit grazing cattle in temperate climates (Dimander et al., 2003; Eysker 

et al., 2000; Forbes et al., 2004; Nødtvedt et al., 2002b). It is noteworthy that O. ostertagi was 

dominant on several farms even though it has a much lower fecundity than the other species 

identified (Coyne et al., 1991; Sutherland & Leathwick, 2010). Interestingly, synergistic effects 

have been observed when cattle were infected with both species concurrently, but antagonistic 

effects when infected sequentially (Kloosterman, Albers, & Van Den Brink, 1984; Satrija & 

Nansen, 1993). In one study, adult GIN counts in the gut were not affected, but fecundity and 

worm size were reduced (Satrija & Nansen, 1993). The species dynamics may also shift 

throughout the grazing season, as O. ostertagi have been shown to establish later in the grazing 

season as opposed to C. oncophora (Eysker et al., 2000; Satrija & Nansen, 1993). There have 

also been several documented cases of anthelmintic resistance of C. oncophora to macrocyclic 

lactones (i.e. avermectins) in northern Europe and the mid-western US (Areskog et al., 2013; 

Edmonds et al., 2010; Geurden et al., 2015). Although no studies have evaluated anthelmintic 

resistance in the Canadian dairy herd, the widespread use of anthelmintics may also have 

changed the nematode populations here over the years and the predominance of C. oncophora 

may well be a result of current parasite control practices. As no previous nematode species 

identification information exists from dairy heifers in Canada, a comparison to earlier findings 

cannot be made.  
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On most farms, O. ostertagi and/or C. oncophora were dominant but Oes. venulosum and 

Oes. radiatum were also prevalent on several farms. It has been suggested that the primary 

establishment of one GIN species may inhibit the establishment of other species. For example, T. 

vitrinus was shown to have impaired establishment in lambs that had an existing population of O. 

ostertagi (Jackson, Jackson, Coop, & Huntley, 1992). In the current study, T. vitrinus was only 

present in 7.8% of the samples in very low proportions, and this species’ low prevalence may be 

due to the overwhelming predominance of O. ostertagi and C. oncophora. The interactions 

among GIN are likely dictated by their location in the host, and there may be increased 

interspecies competition among nematodes that reside in the same organ. An avenue of further 

research would be to study the interactions between different nematode species, and how the 

infection patterns would affect the pathogenicity/severity of the infection.  

Severe GIN infections can drastically disrupt digestion and nutrient absorption (Fox, 

1997). It could be inferred then, that subclinical infections would be limiting the heifer’s 

digestive capacity. In a cost-analysis study in Pennsylvania, feed accounted for up to 64% of the 

costs of raising a replacement heifer from birth until calving (Gabler, Tozer, & Heinrichs, 2000). 

Cattle infected with O. ostertagi have increased abomasal pH and elevated serum pepsinogen 

and gastrin levels, which impairs feed breakdown in the lower gut (Fox, 1997). Heifers may also 

consume less when challenged with GIN (Forbes et al., 2004). In a study by Fox et al. (1989), 

73% of the reduced weight gain observed in calves infected with O. ostertagia compared to 

control calves was attributed to inappetance. Since feed is one of the greatest expenses on a farm, 

it is in the producers’ interest to strive for optimal nutrient utilization by the heifer to maximize 

the cost-benefit dynamic. Even a low GIN FEC intensity has been shown to limit production. In 

the northern US, Kunkle et al. (2013) reported that otherwise healthy, young grazing cattle 
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treated for GIN gained an average of 20kg more (p < 0.05) than their untreated counterparts that 

grazed the same pasture. The low egg counts found in this study would likely not cause clinical 

disease, but may contribute to subclinical production loss. 

 Previous molecular diagnostic techniques for GIN have been described using ITS-1 and 

ITS-2 loci of nematode larvae, including conventional and real-time PCR (Roeber, Jex, & Gasser, 

2013). While these techniques are useful to describe the species present in a sample, the 

advantage of using next generation sequencing technology is the ability to determine the relative 

quantification of species in a sample. The deep-sequencing nemabiome assay using the ITS-2 

locus was validated using known concentrations of mixed GIN populations, and by comparing 

the proportions of species from mixed-infection field samples with traditional species 

identification by larval morphology (Avramenko et al., 2015). The ITS-2 DNA deep-sequencing 

nemabiome assay has a high analytical specificity, and is able to detect even a single larvae in a 

mixed sample (Avramenko et al., 2015). But, this method does not provide any information on 

the magnitude of the GIN infection. For this reason, the ITS-2 DNA nemabiome assay was used 

in conjunction with FEC to display both the GIN species present on the farm, and the extent of 

the GIN FEC intensity. The nemabiome assay also does not provide any information about the 

number of larvae present in the sample. To account for this potential source of bias, the starting 

number of larvae in each sample must be considered in addition to the FEC to interpret the 

significance of the relative species proportions in a sample. There were less than 10 EPG on all 

but three farms, and only three farms had more than 200 L3 larvae for the nemabiome assay. 

Thus, care should be taken when interpreting the nemabiome results. Although O. ostertagi and 

C. oncophora were the predominant species, it is important to remember that this was based on 

very few larvae. Currently, this method is only used for research purposes, but the future 
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applications of these diagnostic techniques in industry have the potential to provide a more 

detailed description of GIN on cattle farms. If this diagnostic technique could be developed to 

also determine the GIN FEC, it could become a valuable tool for veterinarians and producers.   

A limitation of this study is the small sample size. Firstly, 306 farms represented only 

about 3% (306/11,280) of the total number of dairy farms in Canada, and increasing the number 

of farms in the study would have improved the accuracy and validity of the data (CDIC, 2017). 

Although the aim was to sample farms from all 10 provinces in a manner that ensured 

representative regional distribution of the Canadian dairy industry, the final distribution of farms 

sampled and included in the analyses resulted in an underrepresentation of Québec and an 

overrepresentation of the other provinces or regions. Therefore, the results cannot be 

extrapolated to the dairy industry nation-wide. Furthermore, sample collection was based on 

voluntary participation by producers. It is possible that this introduced bias as participating 

producers may have been more conscious about GIN management; if so, this could have 

contributed to lower prevalence and lower FEC than what might be representative of the entire 

Canadian dairy industry. There was also a lack of heifer history on the farms sampled; no 

information was available for the turnout date for those heifers on pasture or previous 

deworming schedules, factors that are known to affect the EPG. Regional environmental 

conditions were not taken into account and since this study was conducted in all 10 provinces 

differences in climate may have contributed to the differences in FEC between provinces. While 

the low FEC intensities in the current study do not indicate that anthelmintic resistance is an 

issue, more research is warranted on the epidemiology of GIN in Canadian dairy heifers, and on 

the efficacy of anthelmintics in these heifers. There is no data available on the level of 

anthelmintic resistance in Canadian dairy heifers, and research in this area would be pro-active 
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and could contribute to the development of more strategic and sustainable GIN management 

practices in the cattle industry. It would be interesting to monitor anthelmintic resistance in 

Canadian dairy herds where anthelmintics are unregulated in comparison to European countries 

(i.e. Sweden) that have limited or banned the use of anthelmintics (Dimander et al., 2003).   

In conclusion, this study provides much needed epidemiological data for dairy heifers in 

Canada and found that a fifth of the heifers sampled harbor GIN. The FEC intensity in the dairy 

heifers sampled here is relatively low, but comparable with the literature for young grazing cattle 

in temperate climates and the levels found may result in subclinical production impairment. 

Heifers that had access to pasture also had a significantly higher FEC than those who had no 

pasture access, consistent with the known epidemiology of GIN in cattle. Most of the identified 

nematodes are strongylids, predominantly O. ostertagi and C. oncophora. This knowledge can 

serve as a baseline to monitor changes in Canadian cattle GIN populations in the future.  

Going forward, in addition to more extensive research on the epidemiology of GIN that 

will represent a greater proportion of the Canadian or at least regional Canadian dairy industry, it 

would be prudent to determine the efficacy of current anthelmintic drugs in the Canadian dairy 

industry. Although the current study did not find evidence that anthelmintic resistance is 

currently a concern in the sampled dairy heifers, experience from around the world suggests that 

the risk of resistance is high. A proactive approach to obtaining information on the current 

efficacy of commonly used anthelmintic drugs in Canadian dairy heifers would provide a 

foundation on which to base future GIN management approaches.  

To further investigate GIN populations more regionally, a pilot study was conducted in 

Saskatchewan to determine GIN prevalence, FEC intensity and species in breeding-age heifers 

on six farms, as well as how the GIN FEC changes throughout a summer grazing season. This 
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pilot study, along with a producer questionnaire to evaluate the current use of anthelmintics on 

Saskatchewan dairy farms, was the focus of the following chapter. 
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CHAPTER 3: PARASITE CONTROL PRACTICES ON 

SASKATCHEWAN DAIRY FARMS AND GASTROINTESTINAL 

NEMATODE PREVALENCE, FECAL EGG COUNT INTENSITY 

AND SPECIES IDENTIFICATION IN BREEDING-AGE DAIRY 

HEIFERS ON SIX FARMS 

 

This chapter presents a repeated cross-sectional epidemiological pilot study on 

GIN in fecal samples from breeding-age dairy heifers in Saskatchewan. The fecal 

prevalence and fecal egg counts increased during the summer grazing season and O. 

ostertagi and C. oncophora were the predominant species identified on farms.  

Chapter 3 is in preparation for submission for publication. The copyright of this 

chapter will belong to the journal in which it is published. 

This manuscript was originally drafted by Haley Scott with suggested comments 

from Drs. Fabienne Uehlinger, Murray Jelinski, Chris Luby and John Gilleard. 

Experimental design, sample collection and fecal sample laboratory processing were 

performed by Haley Scott and Traci Henderson under the guidance of Dr. Fabienne 

Uehlinger. Molecular diagnostics were performed by Haley Scott, Russell Avramenko 

and Dr. Elizabeth Redman, and bioinformatic analysis of raw sequence data was 

performed by Dr. Elizabeth Redman at the University of Calgary, Alberta, Canada. Data 

analysis was performed by Haley Scott under the guidance of Drs. Fabienne Uehlinger 

and Cheryl Waldner. 
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3.1 Abstract 

Considering the potential for significant production impacts and the threat of 

anthelmintic resistance, the aims of this research were to determine changes in fecal egg 

count and GIN species over a summer grazing season in dairy heifers in Saskatchewan, 

Canada. Fresh environmental fecal samples were collected from 30 grazing heifers at 

monthly intervals (June, July and August) on six dairy farms. Eggs per gram of feces 

(EPG) were determined using the Modified Wisconsin Double-Centrifugation Sugar 

Flotation Technique. Predominant nematode species were identified at the farm-level 

using deep amplicon nemabiome sequencing of the ITS-2 DNA locus of nematode larvae. 

Population-averaged geometric mean strongylid egg counts were 1.7 (95% CI: 0.3-3.1), 

4.3 (95% CI: 1.9-6.8) and 9.3 (95% CI: 2.3-16.3) EPG for June, July and August, 

respectively. There was a significant (p < 0.003) increase in the mean fecal egg count 

between June and August. The predominant nematode species on all farms were 

Cooperia oncophora and Ostertagia ostertagi, accounting for > 85% of the species on 

each farm. The results provide fundamental data on the seasonal epidemiology of GIN in 

fecal samples from these herds. The use of the high-throughput nemabiome assay to 

determine nematode species in combination with traditional egg count methods provides 

an opportunity to investigate parasite species-specific treatment efficacy in the future and 

develop more evidence-based control strategies. 

3.2 Introduction 

Subclinical production loss in dairy cattle due to gastrointestinal nematodes (GIN) 

affects dairy production systems worldwide. The costs associated with GIN was the 

second highest animal health related cost of Dutch dairy farms in 2009, second only to 
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mastitis, and GIN are estimated to cost the American cattle industry $2 billion annually 

(Coppieters et al., 2009; Gasbarre, 1997). Although the effects of gastrointestinal 

parasitism have been shown to have substantial impacts on adult dairy cows, there has 

been very little research for dairy heifers (Borges et al., 2013; Gasbarre, 2014; Nødtvedt 

et al., 2002a).  

There were 9,100 replacement heifers on 159 Saskatchewan (SK) dairy farms in 

2016, and the average national dairy herd replacement rate between 2010 and 2015 was 

38% (CDIC, 2017). Management during heifer development is important in maximizing 

animal performance when they enter the milking herd (Wathes, Pollott, Johnson, 

Richardson, & Cooke, 2014). Determining the parasite FEC and species to gain more 

information on potential production-limiting factors in this age group is an important 

contribution to improving the overall productivity, welfare and longevity of Canadian 

dairy herds.  

Past GIN prevalence studies in western Canadian dairy heifers reported fecal egg 

counts (FEC) of 16.0 eggs per gram feces (EPG) in 1989 and 1.1 EPG in 2002 (Cox & 

Lemiski, 1989; Nødtvedt et al., 2002b). More recently, studies in Sweden, Germany, 

France and the UK reported counts ranging between 2 and 280 EPG (Areskog et al., 

2013; Geurden et al., 2015; Merlin et al., 2016). These studies confirm that pastured dairy 

heifers are parasitized, and although these egg counts are generally considered low, even 

low parasite burdens can have subclinical impacts on production and health (Kunkle et al., 

2013; Perri et al., 2013). No current prevalence information is available for western 

Canadian dairy heifers. As such, it is important to determine the current GIN prevalence 

and FEC to build baseline data for future studies. 
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Ostertagia ostertagi and Cooperia oncophora are the most common GIN species 

in dairy cattle in temperate climates. Cooperia oncophora is thought to be less pathogenic 

than O. ostertagia, but is more commonly reported to be resistant to macrocyclic lactone 

compounds such as ivermectin in the US and Europe (Edmonds et al., 2010; El-Abdellati, 

Geldhof, Claerebout, Vercruysse, & Charlier, 2010). In addition to variable levels of 

pathogenicity and susceptibility to anthelmintics, nematodes also vary greatly in 

fecundity; O. ostertagi adult females produce around 50 eggs per day and C. oncophora 

adult females can produce 3,000 eggs per day (Coyne et al., 1991; Sutherland & 

Leathwick, 2010). More prolific still, Haemonchus spp. adult females can produce up to 

15,000 eggs per day (Sutherland & Leathwick, 2010). It is important to know which 

nematode species are contributing to the FEC, as this will influence the choice of 

treatment. 

 With increasing anthelmintic resistance, stakeholders will eventually have to 

embrace alternative GIN management strategies. To improve recommendations for the 

industry, it is important to determine the current endo-parasite control practices employed 

on western Canadian dairy farms. These practices will influence GIN prevalence and the 

rate of anthelmintic resistance development. Given the lack of information on GIN 

management practices and GIN FEC intensity and species in SK dairy heifers, the main 

aim of this study was to enhance our knowledge of the GIN epidemiology and 

management practices. The specific objectives of this study, therefore, were to: 1) 

describe the current GIN control practices in SK dairy farms through a producer 

questionnaire; and 2) to determine the GIN prevalence, FEC and species in pastured 

breeding-age heifers throughout the summer grazing season in SK. Only a small number 
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of farms were selected for the preliminary investigation of these factors. There were a 

couple of reasons for this: the objective was to focus on grazing breeding age heifers. 

Given the seasonal pasture period in SK, data collection had to be restricted to the months 

of May to August. To allow processing of freshly collected fecal samples, while 

accounting for repeated sampling during the summer period on each farm, six farms were 

considered to be the maximum number feasible.  

3.3 Materials and Methods 

3.3.1 Producer survey 

An 18-question survey was sent to all 161 SK dairy producers registered with the 

provincial milk board (SaskMilk) in 2016. The survey (Appendix B) was comprised of 

questions regarding pasture management, the use of parasite control products and 

producers’ attitudes towards endo-parasites in their herds. Although this paper refers 

specifically to GIN, it should be noted that the questionnaire asked producers about 

‘internal parasites’ as opposed to ‘gastrointestinal nematodes’ (the language and terms 

used in the questionnaire were limited to layman’s terms so that the maximum number of 

producers could participate). To assist farmers in their responses, a handbook was 

supplied with the questionnaire that depicted all currently licensed endo-parasite control 

products for use in dairy cattle in Canada (Appendix C). Questions about grazing 

management and specific use of parasite control products pertained to the previous 

(2015) grazing season. Question types included a mixture of rating, ranking and multiple-

choice questions. The questionnaire was pre-tested with two bovine veterinarians and two 

dairy producers before being made available to all registered producers in June 2016 via 
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an online link. Subsequently, hard copies with postage-paid return envelopes were re-

distributed in October 2016, making the survey available to all producers in two formats.  

3.3.2 Saskatchewan dairy farm selection and fecal sample collection  

A call for volunteer producers was sent to all large animal veterinarians in SK and 

through SaskMilk, inquiring for interested producers who housed breeding-age heifers on 

pasture for the summer grazing season and who did not routinely deworm heifers during 

that time. Among responding producers, six dairy farms in central and southern SK were 

selected based on the criteria of having 30 or more breeding-age or bred heifers housed 

on pasture for the sampling period (June – August 2016) and being within a one day 

return drive from the University of Saskatchewan. The study was a repeated cross-

sectional design, and each farm was visited three times at monthly intervals in June, July 

and August 2016.  

Fresh environmental fecal samples (between 50-100g) were collected into 

sealable plastic bags immediately after defecation from 30 individual heifers at each 

sampling event. No attempts were made to sample or avoid sampling the same heifers at 

subsequent sampling events. Farms 1 and 2 had heifers as young as six and four months 

old out on pasture but every effort was made to sample the older heifers closer to 

breeding-age. As much air as possible was removed from each bag to create an anaerobic 

environment to prevent the hatching of GIN larvae. The samples were transported to the 

lab in a cooler (not in direct contact with ice), and processed within 24 hours of collection. 

This study was approved by the University of Saskatchewan Committee on Animal Care 

and Supply and the Animal Research Ethics Board; approval number: 20160042. 
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3.3.3 Fecal egg counts 

The fecal egg counts (FEC) measured in eggs per gram of feces (EPG) were 

determined using the Modified Wisconsin Sugar Floatation Technique with a diagnostic 

sensitivity of < 10 EPG (Zajac & Conboy, 2012). Briefly, 5g of feces was mixed with 

12mL of water, strained through cheesecloth into a 15mL test tube and centrifuged at 

1500RPM. The supernatant was decanted and the pellet was mixed with Sheather’s 

solution (specific gravity 1.27) and centrifuged at 1500RPM. A coverslip was placed on 

top of the test tube and rested on the benchtop for at least 20 minutes to maximize egg 

flotation. Samples were examined using 40x magnification (4x objective magnification 

and 10x eyepiece magnification) under microscope and the number of strongylid eggs, 

Trichuris spp., and Nematodirus spp. eggs per 5 grams of feces were recorded and 

divided by 5 to report EPG. Since most Trichostrongylidea eggs look very similar under 

the microscope, strongylid eggs included Ostertagia spp., Haemonchus spp., Cooperia 

spp., Oesophagostomum spp., and Trichostrongylus spp. Distinguished by their unique 

morphology, Nematodirus spp. and Trichuris spp. were enumerated separately.  

3.3.4 Larval coprocultures 

To isolate GIN larvae for subsequent molecular species identification, two 

separate coproculture protocols were followed to isolate first stage (L1) and third stage 

(L3) larvae, respectively. The two larval coproculture methods were used in this study for 

two reasons: 1) to explore the potential of using L1 larvae from cattle samples for 

sequencing, as L1 larvae have only previously been used for sheep samples, and 2) to 

compare the nemabiome assay results between L1 and L3 larvae cultured from the same 

samples.  
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To isolate L1, 20g of feces from those samples with the highest fecal egg count 

(min. 10 samples, max. 15 samples depending on how many were positive for GIN) were 

mixed to perform a farm-level pooled culture. The feces were mixed well, and 100mL of 

13% NaCl was added to 24g of the feces. The mixture was strained and divided between 

four 50mL Eppendorf tubes, and underwent two water and salt washes to pellet and float 

the eggs, respectively. This procedure was performed in triplicate. The eggs were 

collected using a 20μM sieve and incubated in distilled water for 48 hours at 24°C. First 

stage larvae were then collected, semi-quantified using a grading scheme (+ 1 to 20 

larvae, ++ 21 to 50 larvae, +++ > 50 larvae) and stored in 2mL cryotubes in 70% ethanol 

at 4°C.  

To isolate L3, 8g of feces from each of the 30 samples were combined to perform 

a farm-level pooled culture. The feces were mixed well and divided between 3 culture 

glasses of 80g each. Approximately 50g of vermiculite was added and mixed with the 

feces and the culture was incubated for 21 days at room temperature (21-23°C). The 

cultures were checked daily and sprayed with water when necessary to maintain a slightly 

moist environment. After 21 days, the culture glasses were filled with water, inverted into 

a petri dish and allowed to stand overnight; the L3 larvae were then collected from the 

supernatant in the petri dish, semi-quantified using a grading scheme (+ 1 to 20 larvae, 

++ 21 to 50 larvae, +++ > 50 larvae) and stored in 2mL cryotubes in 70% ethanol at 4°C. 

Farm-level L3 larval coprocultures were not performed for farms F1 and F2 in June; this 

procedure was started for farm F3 in June onwards as a secondary set of coprocultures. 

3.3.5 ITS-2 nematode species identification  

The proportions of gastrointestinal nematode species present in pooled fecal 
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samples were determined using a deep-sequencing nemabiome assay targeting the 

internal transcribed spacer (ITS-2) rDNA genomic locus of larvae. DNA was extracted 

from populations of either L1 or L3 larvae and the ITS-2 rDNA locus was PCR amplified 

and sequenced using the methods described by Avramenko et al. (2015). To briefly 

summarize, larvae were digested by freezing and thawing before adding proteinase K, 

and subjected to mechanical agitation to prepare DNA lysates. The first round of PCR 

amplification was performed using the following cycling conditions: 95°C for 3 minutes, 

followed by 98°C for 20 seconds, 62°C for 15 seconds, 72°C for 15 minute for 35 cycles 

and a final extension of 72°C for 2 minutes. The PCR products were purified using 

magnetic bead purification (MicroElute Cycle-Pure Kit, OMEGA Bio-Tek), and 

successful amplification was confirmed using agarose gel electrophoresis. Unique 

combinations of Illumina index tags were added to each amplicon using a second limited-

cycle PCR amplification performed with the following thermocycling conditions: 98°C 

for 45 seconds, followed by 98°C for 20 seconds, 63°C for 30 seconds, 72°C for 2 

minutes for 7 cycles and a final extension held at 10°C. Next generation sequencing was 

performed using Illumina MiSeq Desktop Sequencer, which simultaneously sequences up 

to 25 million amplicon molecules in the pooled samples.  

3.3.6 Data analysis 

Questionnaire responses and data from the fecal sample collections were entered 

into a commercial spreadsheet program (Excel 2013; Microsoft Corp., Redmond, 

Washington, USA). A commercial software package (Stata 14.2, College Station, Texas, 

USA) was used to examine the coded questionnaire responses and fecal egg count data. 

 Descriptive summary statistics were performed for each of the reported 
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questionnaire responses and depicted as frequencies, mean (± standard deviation (SD)) or 

median (range). 

For each sampling event, raw descriptive summary statistics including fecal egg 

prevalence (and exact binomial 95% confidence interval (CI)) and geometric mean fecal 

egg count (EPG; ±SD) range and median (interquartile range (IQR)) were performed 

separately for strongylids, Nematodirus spp. and Trichuris spp. Subsequent analyses were 

restricted to strongylids only.  

Strongylid prevalence for all heifers at each sampling event was determined using 

a generalized estimating equation (GEE) model with a binomial distribution (logit-link 

function), accounting for clustering at the farm level using random intercepts, an 

exchangeable correlation structure, and a robust standard variance estimator. A GEE with 

a negative binomial distribution (log-link function) was also used to examine the 

differences in strongylid FEC, reported as eggs per gram (EPG), using an exchangeable 

correlation structure and a robust standard variance estimator. Since the GEE model can 

only account for one level of correlation, each farm-sampling combination was treated as 

a unique event. As such, there were 18 sampling events (6 farms x 3 visits). Then, 

accounting for clustering at the farm level, predicted prevalence and population-averaged 

geometric egg counts were reported for each sampling month based on the GEE models. 

Because of the nature of the negative binomial distribution in the model, all predicted 

mean EPG were reported as geometric means. The effect of sampling event on the 

predicted prevalence and mean EPG was assessed using post-hoc pairwise comparisons 

with a level of significance set at p-value ≤ 0.05.  
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Bioinformatic analysis was performed on the ITS-2 rDNA Illumina raw sequence 

data to assign nematode species identity to individual Illumina sequence reads. The 

number of species-specific sequence reads divided by the total number of reads per 

sample, multiplied by the appropriate correction factor (as per Avramenko et al., 2015), 

provided the relative nematode species proportions for both the L1 and L3 larvae. The 

nematode species proportions were reported with the corresponding geometric strongylid 

FEC for those farms. A detailed summary of the analysis methods can be found at 

https://ucvm.github.io/nemabiome/index.html. Lin’s concordance coefficient was used to 

measure the agreement between the L1 and L3 nemabiome assay results.  

3.4 Results 

3.4.1 Producer survey 

3.4.1.1 Producers’ level of concern about internal parasites 

The survey response rate was 39.8% (64/161) and surveys were received over a 

period of eight months (July 2016 – February 2017); 42.2% (27/64) responded via 

email/fax and 57.8% (37/64) responded by returning paper copies of the questionnaire via 

mail. Some producers opted not to answer certain questions; denominators reflect the 

number of producers who answered that particular question.  

When asked about how concerned dairy producers were with internal parasites in 

their cattle on a scale of 1 to 5, where 1 was ‘not concerned’ and 5 was ‘very concerned’, 

the majority (78.3%, 47/60) were not concerned or only somewhat concerned; only 

16.6% (10/60) and 5.0% (3/60) of responding producers were concerned or very 

concerned, respectively. Similarly, when asked about how concerned they were with 

parasite control product resistance on a scale of 1 to 5, 72.4% (42/58) of producers 
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responded that they were not or only somewhat concerned, while 15.5% (9/58) and 

12.1% (7/58) said they were concerned or very concerned, respectively.  

Only 11.7% (7/60) of producers had any of their cattle tested for internal parasites 

in the three years before the survey, while 81.7% (49/60) had not done any testing and 

6.7% (4/60) of producers were unsure about whether any testing had been performed. 

Producers that reported testing their cattle for internal parasites were asked to indicate 

which group(s) of cattle had been tested; these included milking cows (3/7 producers), 

dry cows (3/7 producers), weaned replacement heifers (3/7 producers), bred replacement 

heifers (3/7 producers), and calves (1/7 producers).  

3.4.1.2 Housing and grazing management 

The number of producers that reported giving their dairy cattle access to pasture 

and producer-assessed pasture stocking densities are depicted in Table 3.1. Milking cows 

were least and bred heifers were most likely to have access to pasture. Most (49.1%, 

26/53) weaned or bred heifers were lightly stocked (< 0.5 animals/acre) while the 

majority of milking cows that had access to pasture (66.7%, 6/9) were intensely stocked 

(≥ 1 animal/acre). Of those herds with access to pasture, most in each of the four 

production groups were set stocked and not rotated between pastures (Table 3.1).  
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Table 3.1 Frequency of herds that had access to pasture, and producer-assessed stocking 

density on pasture per production type on Saskatchewan dairy farms (n = 64). 

 
 

Milking cows Dry cows 
Weaned 

heifers 
Bred heifers 

# herds with pasture 

access 
14.1% (9/64) 42.2% (27/64) 31.3% (20/64) 53.1% (34/64) 

Stocking density of those herds with pasture access* 

1+ animals per acre 66.6% (6/9) 25.9% (7/27) 26.3% (5/19) 23.5% (8/34) 

0.5 animals per acre 22.2% (2/9) 33.3% (9/27) 26.3% (5/19) 26.5% (9/34) 

<0.5 animals per acre 11.1% (1/9) 40.7% (11/27) 47.4% (9/19) 50.0% (17/34) 

Pasture rotations of those herds with pasture access* 

No movement 88.9% (8/9) 74.1% (20/27) 63.2% (12/19) 64.7% (22/34) 

1+ rotation 11.1% (1/9) 25.9% (7/27) 36.8% (7/19) 35.3% (12/34) 
*One producer did not indicate stocking density for weaned heifers or whether or not 

weaned heifers were moved between pastures. 

 

Producers were asked to report whether grazed heifers (weaned or bred) always, 

sometimes or never were co-grazed with adult cows. Of the 53 producers that gave their 

heifers access to pasture and who answered the question about co-grazing, 28.3% (15/53) 

always or sometimes co-grazed heifers with adult cows while 24.5% (13/53) said they 

never co-grazed. The remaining 47.2% (25/53) indicated that heifers had no access to 

pasture.  

3.4.1.3 Use of parasite control products 

Eighty percent (47/59) of producers reported using a parasite control product 

while 12/59 (20.3%) indicated that they did not use a parasite control product. Five 

producers did not answer this question. Of those that used a parasite control product, 

72.9% (43/59) of producers treated the entire herd (or entire management 
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group/production phase) compared to 6.8% (4/59) that reported treating animals on a 

case-by-case basis. The use of parasite control products based on the different dairy 

production stages is summarized in Table 3.2. Macrocyclic lactone products (including 

ivermectin, eprinomectin, moxidectin and doramectin) were used by the vast majority of 

producers in all four production types while only one producer reported using 

fenbendazole. A topical, pour-on product was used in 94.0-100.0% of all production 

types.  
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Table 3.2 Summary of parasite control product usage, by production type of cattle, for 

the 2015 grazing season on Saskatchewan dairy farms.  

 Production type 

 Milking cows Dry Cows Weaned heifers Bred heifers 

Number of farms that used a parasite control product in 2015 (n=47): 

 85.1% (40/47) 78.7% (37/47) 76.6% (36/47) 74.4% (35/47) 

Of those farms that used a parasite control product, how many used a topical pour-on product? 

 97.5% (39/40) 97.3% (36/37) 94.4% (34/36) 100% (35/35) 

Of those farms that used a parasite control product, what classes of anthelmintics were used? 

Ivermectin 7.5% (3/40) 18.9% (7/37) 63.9% (23/36) 48.6% (17/35) 

Eprinomectin 52.5% (21/40) 40.5% (15/37) 13.9% (5/36) 20.0% (7/35) 

Moxidectin 35.0% (14/40) 35.1% (13/37) 16.7% (6/36) 25.7% (9/35) 

Doramectin 2.5% (1/40) 2.7% (1/37) 2.8% (1/36) 2.9% (1/35) 

Fenbendazole 2.5% (1/40) 2.7% (1/37) 2.8% (1/36) 2.9% (1/35) 

 

Producers also indicated how important certain criteria were in selecting a 

parasite control product on a scale of 1 to 5, where 1 was ‘not important’ and 5 was ‘very 

important’ (Figure 3.1). For most, the product’s efficacy in controlling for external and 

internal parasites was very important while price was only somewhat important for most 

producers.  
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Figure 3.1 Importance of price, efficacy, ease of application and veterinarian 

recommendation on producers’ selection of a parasite control product. Producers were 

asked to rate the importance of each feature on a scale of 1 to 5, where 1 was ‘not 

important’ and 5 was ‘very important’.  

 

Most producers (39.7%, 25/63) dewormed their cattle based on convention or as 

part of a routine management plan, followed by a desire to control external parasites 

(27.0%, 17/63; Figure 3.2). Only 12.7% (8/63) of producers said they used a parasite 

control product to control for internal parasites. Visual estimation of the animal’s body 

weight was the most common way of determining the required dose of the parasite 

control product (36.6%, 26/71), followed by dosing of all animals based on the estimated 

weight of the heaviest animal in the group (21.1%, 15/71; Figure 3.3).  
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Figure 3.2 Producers’ most important reasons for treating their cattle with parasite 

control products. Producers were asked to select only one response. 
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Figure 3.3 Producers’ way of determining dosage when treating their cattle with parasite 

control products. Producers were allowed to select more than one option.
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3.4.2 Epidemiology of GIN FEC intensities in breeding-age heifers on six dairy 

farms 

3.4.2.1 Farm and heifer descriptions  

 Five of the six farms raised Holstein-Friesian cattle, and one farm raised Jersey 

cattle. The median number of breeding-age heifers on each farm was 50 heifers (range: 

30-120 heifers; Table 3.3). Farms 1 and 3 co-grazed breeding-age/bred heifers and dry 

cows. Although no systematic health assessments were performed, no sampled heifer 

appeared to be suffering from parasitic gastroenteritis (PGE; i.e. no evidence of diarrhea 

or obviously poor body condition as per the author, though no formal body condition 

scoring was performed) during the sampling period, and no heifers were treated with 

anthelmintics between sampling events.  

All heifers were turned out on pasture between May 1st and May 20th, 2016, 

except farm F1, where heifers were on pasture all year round. With the exception of that 

farm, there was an average of 35 days between turnout date and the first sampling event 

for each herd (Table 3.3).  
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Table 3.3 Summary of heifer populations and grazing management of six Saskatchewan dairy 

herds surveyed for gastrointestinal nematodes in the summer of 2016.  

Farm 
Heifer age range 

(months) 

Turn out date 

(2016) 

Date of first 

sampling (2016) 

Total # of 

heifers in 

herd 

F1 6-18 
Year round 

access 
May 31 40 

F2 4-12 May 12 June 2 60 

F3 15-22 May 1 June 13 120 

F4 18-24 May 20 June 15 30 

F5 12-18 May 5 June 20 35 

F6 14-18 May 15 June 22 60 

Total # of heifers   345 

 

3.4.2.2 Gastrointestinal nematode prevalence, FEC intensity and species 

The raw prevalence (95% CI) and geometric mean EPG (±SD), range and median (IQR) 

at each sampling event for strongylid, Nematodirus spp. and Trichuris spp. are depicted in 

Appendix D (Table D.3.1). Strongylids were most prevalent with the highest mean EPG of 2.3 

(±SD: 4.6), 2.4 (±SD: 3.6) and 4.2 (±SD: 4.6) EPG in June, July and August respectively (Table 

D.3.1). The maximum strongylid FEC was 96.4 EPG, while Nematodirus spp. and Trichuris spp. 

were present less frequently. Spread across all farms, Nematodirus spp. were present in only 

15.6% (28/180) of heifers in June, 16.1% (29/180) of heifers in July and 19.4% (35/180) of 

heifers in August, with an overall median of 0 EPG (maximum: 29.0 EPG). Conversely, 

Trichuris spp. were present across all farms in 11.1% (20/180) of heifers in June, 22.2% (40/180) 

of heifers in July, and 24.4% (44/180) of heifers in August, with an overall median of 0 EPG 

(maximum: 8.6 EPG).  
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The predicted strongylid prevalence increased significantly (p = 0.05) over the summer 

grazing season from 67% (95% CI: 51-84%) in June to 88% (95% CI: 77-99%) in August (Table 

3.4). Overall, the mean EPG ranged from 1.7 in June to 9.3 eggs per gram of feces in August (p 

< 0.003; Figure 3.4). The raw geometric FEC for each farm increased from June to August in all 

farms except farm 1 (Figure 3.5). 

 

Table 3.4 Overall predicted prevalence (95% confidence interval), median and range of 

strongylid egg counts (EPG) in breeding-age heifers (n=180) on six dairy farms in Saskatchewan 

at three sampling events during the 2016 grazing season. 

 Sampling event  

 
June July August 

Prevalence  

(95% CI*) 

67%a 

(51-84%) 

86% 

(70-100%) 

88%b 

(77-99%) 

Median EPG 0.2 1.8 3.7 

Maximum EPG 27.3 26.6 96.4 

*Confidence interval 

a,bStatistical significance (p = 0.05) 
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Figure 3.4 Predicted geometric mean strongylid fecal egg count (FEC) measured in eggs per 

gram of feces (EPG) for six dairy farms sampled three times at monthly intervals in June, July 

and August 2016. Bars represent 95% CI. a,bStatistical significance (p < 0.003).  
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Figure 3.5 Raw geometric mean strongylid fecal egg count (FEC) measured in eggs per gram of 

feces (EPG) for six dairy farms sampled three times at monthly intervals in June, July and 

August 2016. All farms had < 10 EPG except Farm 2 in August (15.8 EPG). Bars represent 95% 

confidence interval. 
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Geometric mean strongylid EPG for individual farms for which nematode species were 1 

determined are reported in Figure 3.6A and corresponding nematode species for L1 and L3 2 

larvae are reported in Figure 3.6B. Farm-level L1 larval coprocultures were unsuccessful for 3 

farms F1, F2, F3 and F4 in June, and DNA failed to amplify for L1 larvae for farm F5 in June 4 

and farms F3 and F6 in July. The number of L1 and L3 larvae were semi-quantitatively recorded 5 

for each sample during the harvest stage of the coproculture procedures (Figure 3.6A). On all 6 

farms and for all sampling events, the predominant nematode species identified using the DNA 7 

deep sequencing assay were Ostertagia ostertagi and Cooperia oncophora, accounting for > 8 

85% of the larvae in all samples (Figure 3.6B). Ostertagia ostertagi accounted for > 50% of the 9 

larvae in 5/16 samples, and C. oncophora accounted for > 50% of the larvae in 10/16 samples. 10 

The abomasal nematodes Haemonchus contortus, Haemonchus placei and Oesophagostomum 11 

radiatum were also present to a lesser extent (Figure 3.6B). Statistically, there was low 12 

agreement between using either L1 or L3 stage larvae as the starting material for the nemabiome 13 

assay, but the assay did identify the predominant GIN species for both methods (Appendix E, 14 

Table E.3.1; Figure 3.6B). 15 
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Figure 3.6 (A): Geometric mean strongylid fecal egg counts (EPG) and; (B): 

corresponding nematode species from DNA deep sequencing assay of the ITS-2 region of 

L1 and L3 nematode larvae, respectively. Bars represent 100% of larvae in the sample, 

denoted by ‘farm number (F1-F6), sampling month (1=June, 2=July, 3=August) and 

larval stage (L1 or L3); asterisks represent samples containing > 20 L3 larvae.  

B 

A 
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3.5 Discussion 

This is the first evaluation of parasite management practices on SK dairy farms, 

and the first determination of the GIN prevalence and FEC intensity in breeding-age 

dairy heifers on six SK dairy farms. The main aim of this study was to enhance our 

knowledge on the epidemiology of GIN in SK dairy cattle by determining the GIN 

prevalence, FEC and species composition in dairy heifers throughout a summer grazing 

season. These parameters were combined with a producer questionnaire to give insight 

into producers’ attitudes and current strategies used to manage internal parasites.  

In general, producers did not seem very concerned with internal parasites, nor 

with the possibility of anthelmintic resistance. However, the majority of producers 

reported using anthelmintics in all of their animals, including weaned and bred heifers. 

This result is similar to that of the National Animal Health Monitoring System report by 

the US Department of Agriculture in 2014, where 70.8% of surveyed producers with a 

herd size of 100-499 head used a deworming product for their heifers (USDA, 2014). A 

possible justification for this contradiction between the level of concern and the use of 

anthelmintics may be explained by the reasons why producers use anthelmintics. Many 

producers stated that their most important reasons for deworming their herds were 

because it was a conventional/routine practice and for the control of external parasites 

(lice, mites). Conversely, comparatively fewer producers reported that the most important 

reason for treating their herd with anthelmintics was to manage internal parasites. This 

shows that producers treat their cattle with anthelmintics, but they are not doing it 

specifically to manage GIN populations. This is of particular concern when it comes to 

the issue of anthelmintic resistance. While producers are using anthelmintics for reasons 
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other than the control of GIN, there may be an inadvertent increase in selection pressure 

for anthelmintic resistance.  

The role of grazing management in the control of GIN is complex. For example, 

Larsson et al. (2007) suggested that moving first season grazers once mid-season and 

ensuring that first season grazers did not graze the same pasture in consecutive years 

were effective in maintaining GIN burdens at acceptable levels in Sweden over three 

years without the use of anthelmintics. These results highlight the importance of pasture 

management in controlling GIN, and suggest that GIN may be managed with limited use 

of anthelmintics in some situations. Interestingly, most SK producers who reported 

giving their heifers access to pasture during the summer months indicated light stocking 

densities and few producers moved heifers between two or more pastures. While light 

stocking densities would serve to reduce the exposure of cattle to GIN, the limited use of 

pasture rotation could compromise GIN control (Coles, 2002b). However, further 

research would be needed in SK to clarify the different grazing systems used and their 

role as potential risk factors for GIN burden in SK dairy cattle. Most producers in SK 

reported that their grazed heifers were not co-grazed with adult cattle. Although adult 

cattle are a prominent GIN reservoir and contaminate pastures in the spring, they also 

help dilute the larvae population as the grazing season progresses by ingesting large 

numbers of larvae (Agneessens et al., 1997; Coles, 2002b). It may then be beneficial to 

avoid co-grazing heifers and cows early in the grazing season to minimize the heifers’ 

exposure to larvae. Nevertheless, there needs to be a sufficient level of exposure to GIN 

in young naïve cattle in order to build an adequate immunity against GIN in the following 

grazing season. Eysker et al. (1998) argue that low exposure in the first grazing season 
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may have detrimental impacts on animals in their second grazing season due to a lack of 

immunity. Therefore, controlled co-grazing of young heifers with mature cows may be 

desirable at some stage during the first grazing season.  

For those producers who indicated that they used anthelmintic products, the most 

common product used was ivermectin for heifers. Producers also reported that ease of 

application was fairly important in choosing a parasite control product, which was 

reflected by the preferred use of topical/pour-on products. In contrast, the most common 

product used for milking and dry cows was eprinomectin, although moxidectin was also 

used frequently. Eprinomectin and moxidectin are presumably the most popular for cows 

since these products have a zero milk withholding period, and ivermectin is likely more 

standard for heifers since it is cheaper. To compare, a recent GIN prevalence study in 14 

SK cow-calf beef herds noted that all producers surveyed dewormed their herds with 

ivermectin products (Jelinski et al., 2016). Furthermore, 96% of beef cow-calf producers 

in western Canada reported using pour-on avermectin products (F. Wills, personal 

communication, June 14, 2017). In the current survey, the vast majority of respondents 

reported only deworming their herds once per year. Although there is currently no 

published data available on the status of anthelmintic resistance in cattle in Canada, a 

study in Sweden reported that 76% of producers who used anthelmintics used 

topical/pour-on macrocyclic lactone products (73% of these producers reported treating 

first-season grazing heifers), deworming only once or twice per year (Areskog et al., 

2013). Despite this, the anthelmintic resistance to macrocyclic lactones was considered 

high under field conditions in that study. Since similar deworming practices were 
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reported in the current questionnaire, it is possible that that anthelmintic resistance has 

developed in these herds under these conditions. 

One of the most common theories for the development of anthelmintic resistance 

in cattle herds is underdosing of the animal, thereby facilitating the development and 

proliferation of resistant parasites (Gasbarre et al., 2015). In the producer questionnaire, 

the most popular method of determining the dosage when applying parasite control 

products was estimating the animal’s weight visually, which could certainly promote the 

development of resistance through underdosing as this is an unreliable method to measure 

weight. Given the increased labor through using a weight tape or the need for specialized 

equipment (i.e. weigh scale), it is not surprising that visual estimation was the most 

frequent way of determining an animal’s weight. The current use of anthelmintics on SK 

dairy farms in this study echoes those of beef cow-calf producers in western Canada, 

where 74% of surveyed producers use visual estimation to determine body weight for 

anthelmintic dose determination (F. Wills, personal communication, June 14, 2017). That 

practice also mirrors that of dairy producers in Sweden (Areskog et al., 2013). Based on 

the similarities, it would not be surprising if future studies evaluating the efficacy of 

macrocyclic lactones found these products to be ineffective against GIN in western 

Canadian cattle herds.  

Nearly three quarters of producers reported that they treated their entire herd or an 

entire group of cattle at once, as opposed to treating animals on a case-by-case basis. 

Using targeted selective treatment, where only individual animals are treated when 

needed as opposed to treating an entire group of animals, not only reduces the amount of 

anthelmintics used but also serves to keep a proportion of the nematode population in 
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refugia (susceptible to anthelmintics) and therefore slows the spread of resistant 

nematodes (van Wyk, 2001). In the sheep industry, several studies showed no difference 

in weight gain between treated and untreated lambs when the treated lambs were the 

lightest portion of the herd, leaving the heaviest animals untreated (Charlier et al., 2014; 

Leathwick, Waghorn, Atkinson, Haack, & Oliver, 2006). If targeted selective treatments 

were implemented in cattle (i.e. leaving the heaviest animals in the herd untreated), it 

may be possible to mitigate the production impacts of GIN while preserving anthelmintic 

efficacy. 

Although questionnaires are valuable tools to gather information from producers, 

there are inevitably a few potential sources of bias. Response bias was possible, since the 

response rate was only 40%, and it was possible that producers who responded to the 

questionnaire were more interested in parasites because of previous herd health or 

production issues (perceived or clinically diagnosed) due to parasites. To some extent, a 

recall bias was likely because producers were asked about pasture management and 

deworming schedules in 2015, the year before the questionnaire was administered. 

Nevertheless, the questionnaire provided insight into SK producers’ attitudes towards the 

use of anthelmintics, and the current methods used to control parasites in SK dairy herds. 

This information will be important in future studies evaluating anthelmintic resistance in 

SK cattle, as the potential for resistance hinges on how producers are currently treating 

and managing GIN.  

Another primary objective of this research was to evaluate the GIN fecal 

prevalence, FEC and predominant species in breeding-age heifers on six SK dairy farms 

during the summer grazing season. On the six farms sampled, the predicted population-
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averaged strongylid fecal prevalence and EPG increased significantly over the summer 

grazing season. The results support other literature on the epidemiology of GIN; as adult 

female worms are actively shedding eggs on to pasture and the translation period of the 

GIN life cycle accelerates at warmer temperatures, heifers have increased exposure to 

larvae and the EPG subsequently increases as the season advances (Fréchette & Gibbs, 

1971; Stromberg, 1997; Zajac & Conboy, 2012). Previous prevalence studies in SK 

reported a FEC of 16.0 EPG in 1989 (first season grazing dairy heifers), 1.1 EPG in 2002 

(entire dairy herds, including heifers), and 8.0 EPG (grazing beef calves) in 2016, 

although caution is warranted in drawing comparisons as different production types and 

different sampling methods were used in these studies (Cox & Lemiski, 1989; Jelinski et 

al., 2016; Nødtvedt et al., 2002b). The greatest FEC of 9.3 EPG in the current study, 

however, is still considered to be quite low in terms of causing clinical disease. Forbes et 

al. (2007) reported counts as high as 300 EPG without any clinical signs of PGE in 

France, and in the Netherlands, Eysker et al. (1998) found untreated control Holstein 

calves to have counts as high as 500 EPG with no signs of clinical disease.  

Even low GIN FEC intensities, however, like those found in this study, have the 

potential to cause subclinical production loss. A study in Idaho, Wisconsin and 

Minnesota showed that eprinomectin-treated grazing beef heifers and steers gained nearly 

20kg more than untreated control animals that grazed the same pasture (Kunkle et al., 

2013). It is noteworthy that the geometric mean strongylid counts for the control animals 

in Idaho, Wisconsin and Minnesota 120 days post-treatment ranged from 2 to 8 EPG and 

was therefore similarly low to the EPG found dairy heifers in this study (Kunkle et al., 

2013). This indicates that even very low GIN burdens can have a significant impact on 
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weight gains. For dairy heifers, improved weight gain means that heifers may reach 

puberty sooner, thus lowering the age at first calving and refining the productivity of the 

heifer enterprise (Perri et al., 2013; Tozer & Heinrichs, 2001).  

The two most common GIN species across all farms were Ostertagia ostertagi 

and Cooperia oncophora, which is consistent for young grazing cattle in temperate 

climates globally (Dimander et al., 2003; Eysker et al., 2000; Forbes et al., 2004; 

Nødtvedt et al., 2002b). Gastrointestinal nematodes vary in pathogenicity and fecundity; 

for example, O. ostertagi is considered to be one of the most pathogenic species yet is 

less fecund than other nematodes (Fox, 1993). Cooperia oncophora on the other hand is 

not as damaging, but is commonly reported to be more resistant to macrocylic lactones 

(Coles, 2002a; Gasbarre et al., 2009; Geurden et al., 2015). In Germany, France and the 

UK, nematode populations in grazing dairy cattle shifted almost exclusively to Cooperia 

oncophora post treatment with either ivermectin or doramectin on nearly all farms where 

anthelmintic resistance was confirmed (from an initial population mixture of O. ostertagi 

and C. oncophora; Geurden et al., 2015). As C. oncophora is regarded as the dose-

limiting species for macrocyclic lactones it was expected to be the first to become 

resistant (Coles, 2002a). When investigating anthelmintic resistance, it is important to 

simultaneously assess which nematode species are present (and resistant) in order to 

target specific species with the most effective treatments. 

Although the two nemabiome assay results based on using L1 or L3 as starting 

material differed statistically, this was not manifested in the overall proportional 

distributions of identified nematode species. Four of the first L1 coprocultures performed 

did not yield any larvae; the protocol was amended after the first few samples to include 
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an additional water-rinsing step because the culture media was suspected to be too saline 

for the nematode eggs to hatch properly. This, in addition to the very low egg counts in 

the first few farms in June likely contributed to the negative L1 coprocultures. Secondly, 

DNA amplification was unsuccessful for three samples, which may have been caused by 

very low DNA concentrations or poor DNA quality due to low numbers of larvae, or 

insufficient DNA extraction during the larval digestion procedure. On most farms for 

which both stages of larvae were cultured and DNA amplification was successful, the two 

methods seemed to detect similar proportions of nematode species. However, there was 

poor agreement between using the L1 larvae compared to the L3 larvae statistically. This 

may have been due to a number of factors; first, there were only 11 farm-sampling events 

for which both L1 and L3 nemabiome assay results were observed, and there were few 

larvae in the cultures. Second, there may have been differences in hatching and 

development rates among the various nematode species in the sample (Ciordia & Bizzell, 

1963). Nonetheless, this does not necessarily mean that either the L1 or L3 method was 

preferable to the other, but simply that the two methods are producing slightly different 

results. Although this was not one of the objectives of this study, investigating the 

differences between the two types of larvae in terms of coproculture success and the 

nemabiome assay for cattle would be an interesting area of future research. Regardless of 

the type of larvae, the species composition on any particular farm did not appear to 

change considerably as the grazing season progressed, and that none of the samples 

contained a high number of larvae. Yet, the analytical sensitivity of the nemabiome assay 

is very high and is capable of detecting the presence of a single larvae of a certain species 

in a pool of thousands of larvae (Avramenko et al., 2015). Thus, care should be taken 
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when interpreting the results from the nemabiome assay because the species proportions 

may not reflect the true nematode community in the cattle; the low number of larvae in 

the samples may be from unevenly distributed GIN eggs in the fecal sample. So even 

though O. ostertagi and C. oncophora were the two most prevalent species, there were 

less than 10 EPG on all but one farm, and less than 20 larvae in all but four samples. The 

results are, however, consistent with those of chapter 2 where O. ostertagi and C. 

oncophora were also the predominant species in breeding-age dairy heifers across 

Canada. Considering the starting number of larvae in the samples, along with the EPG, 

provides the nematode species identification data in context of the magnitude of the 

nematode FEC intensity on these farms. As mentioned previously, there are documented 

cases of anthelmintic resistance of C. oncophora to macrocyclic lactones, which were the 

most commonly used anthelmintic products used by SK producers. Although there have 

been no studies to investigate the presence of anthelmintic resistance in western Canada, 

the fact that macrocyclic lactones were the most popular products among SK dairy 

producers and C. oncophora was a dominant species may imply the presence of 

anthelmintic resistance in SK.  

It was interesting that N. helvetianus was detected in the L1 larval culture method, 

since N. helvetianus larvae develop to the L3 stage in the eggshell before hatching. A 

possible explanation for this is that some N. helvetianus larvae developed to L3, hatched 

very quickly and were collected in the L1 coproculture procedure. Or, more likely, the 

freeze-thaw process or proteinase K used in the DNA extraction procedure digested the N. 

helvetianus eggshell and exposed the L1 larvae to enzyme degradation.  
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A limitation of this research is the small number of farms sampled, although the 

results were comparable to that of the National Dairy Study in 2015 described in chapter 

2. In that study, the national breeding-age dairy heifer FEC was 1.1 EPG and the two 

predominant nematode species were C. oncophora and O. ostertagi. Going forward, 

surveillance studies that include more heifers would unquestionably provide a more 

accurate representation of the GIN epidemiology in western Canada. Another avenue for 

future research is to quantify the subclinical production losses in breeding-age dairy 

heifers due to GIN infections by measuring, for example, average daily gains or service-

to-conception intervals. Other areas of missing information, such as the GIN FEC 

intensities of dairy cows that graze the same pastures as heifers, serving as an important 

reservoir for the infection of heifers, or the survivability of nematode larvae on western 

Canadian pastures over winter would enhance our understanding of GIN dynamics in 

these cattle. These, along with surveying dairy herds for anthelmintic resistance, would 

be instrumental in providing producers with evidence-based information on future 

sustainable approaches to GIN management programs aimed at slowing the spread of 

anthelmintic resistance.  

In conclusion, the grazing dairy heifers on the six SK farms sampled experienced 

a significant increase in strongylid fecal prevalence and FEC over the summer grazing 

season. The overall FEC in these heifers were low, and the majority of producers reported 

that they are generally not concerned with the impacts of endo-parasites or the threat of 

anthelmintic resistance. Many producers are, however, motivated by other factors to treat 

their heifers with anthelmintic products, which inevitably have an impact on the GIN 

populations and the risk of developing anthelmintic resistance in their herds. Other 
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control practices currently employed by SK dairy producers have also been shown to 

increase the risk of anthelmintic resistance such as the almost exclusive use of macrocylic 

lactones, routine blanket treatment of an entire herd and visual estimation of body weight 

to determine product dose. Ivermectin was the most commonly applied anthelmintic for 

heifers and since Cooperia oncophora (having well-documented resistance against 

ivermectin in other parts of the world) was one of the two most predominant species 

found in the study, there is potential for the development of anthelmintic resistance in 

these herds if it is not already present. The combined results of the current methods used 

by SK dairy producers to control GIN and producers’ attitudes towards the use of 

anthelmintics, along with the GIN fecal prevalence, FEC intensities and species in the six 

sampled SK dairy herds provides a foundation on which to build future studies to support 

sustainable internal parasite management on farms.  
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CHAPTER 4: GENERAL SUMMARY & CONCLUSION 

The rationale for conducting this research was to address the lack of information 

regarding the current GIN prevalence and FEC intensities in Canadian dairy heifers. 

Although some previous research looked at these parameters in the Canadian dairy 

industry in the early 2000’s, these studies largely focused on lactating dairy cows and the 

nematode communities have likely changed in the past 15 years with the widespread use 

of anthelmintics and changing climates (Nødtvedt et al., 2002a, 2002b; Sanchez et al., 

2002b). Unfortunately, no existing literature that determined the nematode species 

composition in dairy heifers in Canada could be identified and, therefore, it is currently 

not possible to determine whether a change in population has occurred or not. The work 

conducted in this thesis can serve as a baseline for future comparative studies.  

The purpose of this research was to determine the fecal prevalence, FEC and GIN 

species composition in breeding-age dairy heifers in Canada: 

1. What is the extent of GIN infections? 

2. How heavy are the GIN FEC intensities? 

3. What GIN species infect these heifers? 

Besides the lack of basic recent epidemiological information on GIN in dairy heifers, 

emerging anthelmintic resistance around the world is threatening the sustainability of 

cattle production. In order to develop more sustainable approaches to GIN control, it is 

essential to know the prevailing level of GIN FEC intensities and what species are 

present. 

The overarching research objectives of this thesis were to describe the GIN fecal 

prevalence, FEC and species in Canadian breeding-age dairy heifers; to better understand 
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the GIN prevalence, FEC intensity and species over a summer grazing season in SK dairy 

heifers and to gain an understanding of SK dairy producers’ management of and attitudes 

towards internal parasites in their cattle. In order to achieve these objectives, two separate 

studies were conducted and described in chapters 2 and 3 of this thesis.  

4.1 Discussion 

Chapter 2 describes the GIN fecal prevalence, FEC and species in breeding-age 

dairy heifers from Canadian farms across all 10 provinces. Chapter 3 describes the GIN 

fecal prevalence, FEC and species in breeding-age dairy heifers on six SK farms as well 

as the results of a survey administered to all SK dairy producers asking about current 

management practices and attitudes towards control of internal parasites in cattle. In both 

chapters, GIN prevalence and FEC were determined using the Modified Wisconsin 

Double-Centrifugation Sugar Flotation technique and predominant GIN species were 

quantified using a next generation deep-sequencing nemabiome assay of larvae harvested 

from coproculture.  

This study describes the first nation-wide report of GIN FEC intensities and 

species in Canadian dairy heifers. The overall predicted prevalence of strongylid 

nematodes in chapter 2 was 20.9%. In chapter 3, the predicted strongylid fecal prevalence 

increased from 67% in June to 88% in August. The overall prevalence was higher in this 

study compared to chapter 2, presumably because all heifers in the SK pilot study were 

grazed during the summer months, and there was a much shorter interval between fecal 

sampling and fecal egg counting. Mirroring the increase in prevalence over the summer 

grazing season, the predicted FEC also increased from 1.7 to 9.3 EPG from June to 

August in the SK heifers, just slightly higher than the national FEC of 1.1 EPG. Overall, 
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the FEC in both studies were low compared to other current studies in young grazing 

cattle in temperate climates, but the literature suggests that even very low egg counts, as 

found here, can result in subclinical production losses (Areskog et al., 2013; Geurden et 

al., 2015; Kunkle et al., 2013). Nematode FECs were determined using sugar flotation, 

and although this is still the most commonly used fecal diagnostic test, flotation 

techniques provide a limited snapshot of nematode burdens in cattle and are not reflective 

of the true adult nematode population in the animal (Balic et al., 2000; Gasbarre, 1997). 

While FEC were low in the studies here, diagnostic techniques that are more 

representative of the true nematode burden while still cost-effective would markedly 

improve epidemiological research in this field. Other approaches that could be used in 

future work, and which are more commonly used in Europe, would be serum pepsinogen 

titres and enzyme-linked immunosorbent assays (ELISA; Charlier, van der Voort, 

Kenyon, Skuce, & Vercruysse, 2014; Charlier et al., 2009). The ELISA measures the 

optical density ratio (ODR) of GIN antibodies in either milk or serum, and there is often 

cross-reactivity among several GIN species (Beck et al., 2015). Several studies have 

suggested that a dairy herd’s bulk milk tank ODR can predict the herd-level exposure to 

GIN, establishing an ODR threshold where lost milk production due to subclinical GIN 

infection becomes economically important (Charlier et al., 2010; Sanchez et al., 2002a). 

Since milk production parameters are not possible for heifers, linking serum ELISA 

assays to GIN infection may become more important in the dairy industry. Literature on 

this is scarce but one study in beef cattle in southern Alberta found that serum ODR was 

not correlated with an animal’s FEC, thus providing an indication of the level of exposure 

to GIN only rather than the GIN burden itself (Colwell et al., 2014). More studies are 



 92 

needed to determine the value of serum ELISA for the diagnosis of GIN infection and 

infection intensity in dairy cattle. Although collecting serum from individuals is 

somewhat more invasive to the animal than collecting a fecal sample, identifying which 

heifers have higher exposure to GIN and trying to establish an ODR threshold for serum 

ELISA in heifers may provide a more reliable estimate of GIN infections for more 

targeted anthelmintic treatment approaches. Measuring serum pepsinogen levels also 

provides an indication of GIN infection intensity, but tends to be more specific to O. 

ostertagi infections in the abomasum (Fox, 1997; Ravinet, Bareille, Lehebel, Ponnau, 

Chartier & Chauvin, 2014).  

In addition to GIN fecal prevalence and FEC, it was also important to determine 

which GIN species were present in these heifers as the pathogenicity and anthelmintic 

susceptibility of different nematodes species varies, and should be considered before any 

management strategies are employed. A novel molecular diagnostic technique was used 

to identify the nematode species present in these heifers from cultured larvae, using next 

generation sequencing to determine the relative proportions of species in a sample. This 

deep sequencing nemabiome assay is analytically specific, and helped illustrate the 

nematode community on the farms. The two predominant GIN species in both studies 

were Ostertagia ostertagi and Cooperia oncophora, which commonly co-infect grazing 

cattle in temperate climates worldwide (Areskog et al., 2013; Geurden et al., 2015; 

Nødtvedt et al., 2002b; Smith, 1972). However, when interpreting the results from the 

nemabiome assay, it was important to consider the species in context of the nematode 

FEC on those farms. The nemabiome assay is currently only used for research purposes, 

but if this method could be modified to not only depict the relative proportions of GIN 
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species in a sample but also quantify the GIN burden, this may become the future of GIN 

diagnostics in the livestock industry. 

A limitation of this research was the small sample size in each study; future 

surveillance studies that included more heifers would provide a better representation of 

the GIN epidemiology in Canadian dairy heifers. In chapter 2, there was very limited 

information on heifer age, deworming history and whether or not the heifers sampled had 

any access to pasture. There was also an average of 11 days between sample collection 

and laboratory processing in the national study, which likely reduced the FEC, since 

hatched eggs would not have been counted in the fecal float. In chapter 3, the use of a 

questionnaire introduced several potential sources of bias including response and recall 

biases. The questionnaire also consisted of mainly close-ended questions, and the options 

may not have reflected the producers’ anticipated answer. Finally, this research did not 

take any environmental or climatic factors into account; however, since the GIN life 

cycle and transmission are largely dependent on environmental conditions, incorporating 

this information would add another dimension to the data in context of GIN 

epidemiology.  

4.2 Future research 

To date, there has been no research on anthelmintic resistance in the Canadian 

dairy industry. As O. ostertagi is regarded as one of the most pathogenic nematode 

species for cattle in temperate climates and there is increasing evidence in Europe and the 

US that C. oncophora is resistant to macrocyclic lactones, this will be an important area 

of future research. Although the results from this thesis work do not support an obvious 

anthelmintic resistance problem in the sampled dairy heifers, a number of findings from 
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the research here are noteworthy with regards to the potential risk of anthelmintic 

resistance developing in western Canada: O. ostertagi and C. oncophora were the 

predominant species identified on farms; macrocyclic lactones were the preferred 

anthelmintic product on SK dairy farms; and producers were generally not concerned 

with internal parasites or anthelmintic resistance. Despite the lack of current concern 

about internal parasites or anthelmintic resistance, a shift towards more strategic 

nematode management and judicious use of anthelmintics is warranted to maintain low 

GIN burdens and retain anthelmintic efficacy. Furthermore, assessing how the nematode 

populations change after treatment using the nemabiome assay would indicate any 

species resistant to the anthelmintics. 

Another avenue of future research would be to directly quantify the production 

impacts of subclinical GIN infections on breeding-age dairy heifers. This is likely one of 

the most important aspects needed to determine whether GIN management changes are 

necessary and, if so, to heighten producers’ interest in more sustainable, alternative 

management practices. Although some literature from around the world suggests that 

FECs as low as those found in the heifers here may result in production losses, locally 

derived data is needed to determine to what extent this is also the case in Canadian 

breeding-age dairy heifers. Differences in nutritional management and pasture quality, for 

example, influence the effect of GIN on the host. Quantifying the production impact in 

dairy heifers, however, could be achieved by measuring differences in weight gains, the 

age at which first heat is observed, or service-to-conception intervals between treated and 

untreated heifers as reproductive efficiency is one of the most important production 

parameters in dairy cattle. Following these heifers through subsequent parities and 
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measuring milk production and reproduction qualities may further highlight the 

importance of GIN management at the heifer stage. Economical analyses on the costs of 

treatments versus the advantages of improved production would be an important aspect of 

this future research. By quantifying the differences in production, producers may be 

encouraged to adopt more evidence-based, sustainable GIN control strategies to limit the 

speed of anthelmintic resistance development and subclinical production loss due to GIN. 

4.3 Conclusions 

This research contributes to closing the existing knowledge gap on GIN 

epidemiology in breeding-age dairy heifers. The low EPG reported here is favorable for 

heifers; these are encouraging results from an animal health and welfare perspective, 

especially compared to the moderately high counts in heifers in similar temperate 

climates in Europe (Areskog et al., 2013; Geurden et al., 2015). Yet, a low FEC itself is 

not indicative of the potential production impacts of GIN in breeding-age heifers; the 

plane of nutrition and quality of pasture are examples of factors that will affect 

production in addition to the GIN infection intensity. Nonetheless, the questionnaire 

administered to SK producers demonstrates that there is room for improvement in terms 

of increased production and agricultural stewardship to slow the advent of clinically 

evident anthelmintic resistance. Now that some current baseline prevalence and FEC 

intensity data and reference species have been established, future studies may use this 

research as a foundation on which to base more in-depth investigations into the GIN 

epidemiology in Canadian breeding-age dairy heifers.   
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APPENDIX A – CHAPTER 2: RAW DATA TABLES 

 Table A2.1 Raw prevalence (95% confidence interval) and geometric mean fecal egg count (±SD) measured in eggs per gram of 

feces (EPG) and range of strongylids in fresh environmental fecal samples collected in 2015 from breeding-age heifers (n=2,396) from 

306 dairy farms in 10 Canadian provinces. 

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

@Confidence interval 

#Standard deviation 

$Interquartile range 

 

Province (# of farms) 

ON  

(n=122) 

QC  

(n=84) 

Atl. 

Canada* 

(n=45) 

MB  

(n=9) 

SK 

(n=10) 

AB  

(n=18) 

BC 

(n=18) 

Overall 

(n=306) 

# of heifers 900 602 360 85 91 159 172 2,369 

Prevalence % 

(95% CI@) 

25.8  

(22.9-28.6) 

18.1  

(15.0-21.2) 

14.4  

(10.8-18.1) 

23.5  

(14.3-32.7) 

15.4  

(7.8-22.9) 

14.5  

(8.9-20.0) 

13.4 

(8.2-18.5) 

20.0  

(18.4-21.6) 

Mean EPG 

(±SD#) 
1.7 (2.2) 1.1 (1.7) 1.2 (1.7) 0.6 (1.4) 1.8 (2.2) 0.7 (1.3) 1.0 (1.5) 1.4 (1.9) 

Median EPG 0 0 0 0 0 0 0 0 

IQR$ EPG 0-64.4 0-20.9 0-11.2 0-1.6 0-13.7 0-1.8 0-3.8 0 

Range EPG  0-108.9 0-23.9 0-51.0 0-4.6 0-140.9 0-5.3 0-13.4 0-140.9 
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Table A2.2 Raw prevalence (95% confidence interval) and geometric mean fecal egg count (±SD) measured in eggs per gram of feces 

(EPG) and range of Nematodirus spp. in fresh environmental fecal samples collected in 2015 from breeding-age heifers (n=2,369) 

from 306 dairy farms in 10 Canadian provinces. 

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

@Confidence interval 

#Standard deviation 

$Interquartile range 

 

Province (# of farms) 

ON  

(n=122) 

QC  

(n=84) 

Atl. 

Canada* 

(n=45) 

MB  

(n=9) 

SK 

(n=10) 

AB  

(n=18) 

BC 

(n=18) 

Overall 

(n=306) 

# of heifers 900 602 360 85 91 159 172 2,369 

Prevalence % 

(95% CI@) 

3.4  

(2.3-4.6) 

5.0  

(3.2-6.7) 

2.5  

(0.9-4.1) 

10.6  

(3.9-17.3) 

10.0  

(3.6-16.1) 

3.1  

(0.4-6.0) 

0.6  

(0-1.7) 

4.0  

(3.2-4.8) 

Mean EPG 

(±SD#) 
0.5 (3.4) 0.8 (6.7) 0.4 (2.9) 0.9 (3.1) 0.3 (1.7) 0.5 (1.8) 0.2 (n/a) 0.6 (4.2) 

Median EPG 0 0 0 0 0 0 0 0 

IQR$ EPG 0-2.2 0-13.1 0-0.4 0-1.2 0-0.2 0-0.2 0 0-15.1 

Range EPG  0-15.1 0-63.7 0-2.8 0-7.3 0-0.8 0-2.0 0-0.2 0-63.7 
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Table A2.3 Raw prevalence (95% confidence interval) and geometric mean fecal egg count (±SD) measured in eggs per gram of feces 

(EPG) and range of Trichuris spp. in fresh environmental fecal samples collected in 2015 from breeding-age heifers (n=2,396) from 

306 dairy farms in 10 Canadian provinces. 

*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  

@Confidence interval 

#Standard deviation 

$Interquartile range 

 

Province (# of farms) 

ON  

(n=122) 

QC  

(n=84) 

Atl. Canada* 

(n=45) 

MB  

(n=9) 

SK 

(n=10) 

AB  

(n=18) 

BC 

(n=18) 

Overall 

(n=306) 

# of heifers 900 602 360 85 91 159 172 2,369 

Prevalence 

% (95% CI@) 

9.3  

(7.4-11.2) 

9.3  

(7.0-11.6) 

5.0 

 (2.7-7.3) 

29.4  

(19.5-39.3) 

8.8  

(2.9-14.7) 

21.4  

(14.9-27.8) 

10.0  

(5.4-14.4) 

10.2  

(9.0-11.4) 

Mean EPG 

(±SD#) 
0.4 (2.6) 0.5 (3.9) 0.4 (2.2) 0.5 (2.2) 0.6 (3.0) 0.4 (2.2) 0.5 (2.3) 0.4 (2.7) 

Median EPG 0 0 0 0 0 0 0 0 

IQR$ EPG 0-4.2 0-11.0 0-1.0 0-1.0 0-0.6 0-1.2 0-0.8 0-11.0 

Range EPG  0-6.1 0-62.6 0-1.8 0-3.0 0-3.2 0-2.9 0-2.8 0-62.6 
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Table A2.4 Final binomial GEE model with an exchangeable correlation structure, a logit link function and robust standard errors, for 

the effects of province on the predicted prevalence of strongylids in fresh environmental fecal samples collected in 2015 from 2,396 

breeding-age heifers from 306 dairy farms in 10 Canadian provinces. 

  
Coefficient Standard error z value p value 95% CI 

Constant 
 

-1.04 0.17 -5.97 0.001 -1.39, -0.70 

Province 
 

     

 ON REF     

 
QC -0.44 0.28 -1.55 0.121 -0.99, 0.12 

 
ATL CAN* -0.56 0.36 -1.53 0.126 -1.27, 1.16 

 MB -0.11 0.55 -0.19 0.849 -1.19, 0.98 

 SK -0.58 0.55 -1.06 0.291 -1.67, 0.50 

 AB -0.57 0.50 -1.15 0.249 -1.55, 0.40 

 BC -0.87 0.60 -1.45 0.148 -2.05, 0.31 
*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  
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Table A2.5 Final negative binomial GEE model with an exchangeable correlation structure, a log link function and robust standard 

errors, for the effects of province on predicted mean eggs per 5 grams of feces (EP5G) of strongylids in fresh environmental fecal 

samples collected in 2015 from 2,396 breeding-age heifers from 306 dairy farms in 10 Canadian provinces. 

  
Coefficient Standard error z value p value 95% CI 

Constant 
 

2.10 0.28 7.61 0.001 1.56, 2.64 

Province 
 

     

 ON REF     

 
QC -0.94 0.44 -2.12 0.034 -1.81, -0.07 

 
ATL CAN* -0.37 0.69 -0.53 0.597 -1.72, 0.99 

 MB -1.87 0.60 -3.13 0.002 -3.04, -0.70 

 SK 0.48 0.97 0.50 0.618 -1.42, 2.39 

 AB -2.15 0.65 -3.30 0.001 -3.43, -0.88 

 BC -1.78 0.76 -2.34 0.019 -3.27, -0.29 
*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  
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Table A2.6 Final binomial GEE model with an exchangeable correlation structure, a logit link function and robust standard errors, for 

the effects of province and mean age of sampled heifers on the predicted prevalence of strongylids in fresh environmental fecal 

samples collected in 2015 from 1,881 breeding-age heifers from 244 dairy farms in 10 Canadian provinces. 

  
Coefficient Standard error z value p value 95% CI 

Constant 
 

-0.83 0.33 -2.50 0.012 -1.48, -0.18 

Province 
 

     

 ON REF     

 
QC -0.40 0.31 -1.28 0.199 -1.02, 0.21 

 
ATL CAN* -0.41 0.40 -1.03 0.303 -1.19, 0.37 

 MB -0.30 1.13 -0.26 0.793 -2.52, 1.93 

 SK -0.35 0.94 -0.37 0.708 -2.19, 1.49 

 AB -1.01 0.78 -1.28 0.199 -2.54, 0.53 

 BC -0.90 0.78 -1.15 0.251 -2.43, 0.63 

Mean age       

 6-12 months REF     

 13-15 months -0.55 0.36 -1.54 0.124 -1.25, 0.15 

 ≥16 months 0.51 0.41 1.24 0.241 -0.29, 1.31 
*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and Newfoundland.  
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Table A2.7 Final negative binomial GEE model with an exchangeable correlation 

structure, a log link function and robust standard errors, for the effects of province and 

mean age of sampled heifers on the predicted mean eggs per 5 grams of feces (EP5G) of 

strongylids in fresh environmental fecal samples collected in 2015 from 1,881 breeding-

age heifers from 244 dairy farms in 10 Canadian provinces. 

  
Coefficient Standard error z value p value 95% CI 

Constant 
 

2.56 0.53 4.84 0.001 1.53, 3.62 

Province 
 

     

 ON REF     

 
QC -0.60 0.42 -1.42 0.156 -1.42, 0.23 

 
ATL CAN* 0.43 0.74 0.58 0.563 -1.02, 1.87 

 MB -2.47 1.03 -2.41 0.016 -4.48, -0.47 

 SK 1.88 0.93 2.02 0.043 0.06, 3.70 

 AB -3.41 0.87 -3.90 0.001 -5.12, -1.69 

 BC -1.09 0.84 -1.29 0.197 -2.74, 0.57 

Mean age       

 6-12 months REF     

 13-15 months -1.21 0.54 -2.26 0.024 -2.26, -0.16 

 ≥16 months 0.04 0.54 0.07 0.945 -1.03, 1.10 
*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and 

Newfoundland.  
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Table A2.8 Final binomial GEE model with an exchangeable correlation structure, a logit 

link function and robust standard errors, for the effects of province, mean age and pasture 

access (yes/no) of sampled heifers on the predicted prevalence of strongylids in fresh 

environmental fecal samples collected in 2015 from 1,059 breeding-age heifers from 138 

dairy farms in 8 Canadian provinces. 

  
Coeffic

ient 

Standard 

error 

z value p value 95% CI 

Constant 
 

2.43 1.02 2.39 0.017 0.44, 4.42 

Province 
 

     

 ON REF     

 
QC -0.51 0.44 -1.17 0.244 -1.37, 0.35 

 
ATL CAN* 0.03 0.54 0.05 0.961 -1.04, 1.09 

 AB -3.86 1.95 -1.98 0.047 -7.67, -0.05 

 BC -0.05 0.71 -0.06 0.949 -1.44, 1.35 

Pasture 

access 
Pasture access REF     

 No access -5.42 1.38 -3.92 0.001 -8.14, -2.71 

Mean age       

 6-12 months REF     

 13-15 months -1.56 1.07 -1.47 0.143 -3.65, 0.53 

 ≥16 months -2.18 1.09 -2.00 0.045 -4.31, -0.04 

Pasture access by mean age      

 No access by 6-12 mo. REF     

 No access by 13-15 mo. 2.46 1.45 1.69 0.091 -0.40, 5.31 

 No access by ≥16 mo. 2.90 1.61 1.80 0.072 -0.26, 6.05 
*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and 

Newfoundland.  
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Table A2.9 Final negative binomial GEE model with an exchangeable correlation 

structure, a log link function and robust standard errors, for the effects of province, mean 

age and pasture access (yes/no) of sampled heifers on the predicted mean eggs per 5 

grams of feces (EP5G) of strongylids in fresh environmental fecal samples collected in 

2015 from 1,059 breeding-age heifers from 138 dairy farms in 8 Canadian provinces. 

  
Coefficient Standard error z value p value 95% CI 

Constant 
 

3.72 0.18 20.27 <0.001 3.36, 4.08 

Province 
 

     

 ON REF     

 
QC -1.47 0.15 -9.67 <0.001 -1.76, -1.17 

 
ATL CAN* -0.31 0.17 -1.86 0.063 -0.65, 0.02 

 AB -5.09 1.07 -4.76 <0.001 -7.19, -3.00 

 BC -1.61 0.27 -5.92 <0.001 -2.14, -1.08 

Pasture access Pasture access REF     

 No access -3.29 0.13 -24.41 <0.001 -3.55, -3.03 

Mean age       

 6-12 months REF     

 13-15 months 0.37 0.18 2.06 0.039 0.02, 0.72 

 ≥16 months 0.35 0.21 1.67 0.095 -0.06, 0.77 
*Atlantic Canada included Nova Scotia, Prince Edward Island, New Brunswick and 

Newfoundland.  



   Western College of Veterinary Medicine 
  Saskatchewan Dairy Parasite Survey 
 

 118 

APPENDIX B – SK PRODUCER QUESTIONNAIRE 

Dear Dairy Producer 

 

The purpose of this survey is to determine the current deworming and pasture management practices on 

Saskatchewan dairy farms, with a special focus on the use of deworming products to control internal 

parasites. Please note this survey is independent of previous requests for volunteer farms with cattle on 

pasture, and does not involve any farm visits. 
 

Completion of this questionnaire is entirely voluntary. You are under no obligation to complete it. 

However, once the questionnaire has been completed and submitted, it cannot be withdrawn. The 

questionnaire consists of 18 questions on 8 pages and should take approximately 15 minutes of your time. 

Feel free to skip questions you do not wish to answer. Please note that there are questions on both sides of 

the page.  

 

Returning this completed questionnaire is taken as your consent for participation. 

 

While absolute confidentiality cannot be guaranteed, every effort will be made to ensure that the 

information collected for this study is kept entirely confidential and your farm will not be identifiable. All 

data collected through this will only be reported in an aggregate format. Results of this study are intended 

for publication in scientific journals and presentation at related conferences, workshops and producers’ 

meetings, but your identity will not be revealed. All research materials will be stored in the office of the 

principle investigator under lock-and-key for a period of 5 years minimum as per the University of 

Saskatchewan Retention Policy. 

 

We have provided a postage-paid, self-addressed envelope – please use it to return the completed 

questionnaire! 

 

The survey is also available online at https://www.surveymonkey.com/r/CYYP6KM 

 

If you have any questions, please do not hesitate to contact Haley Scott, survey coordinator, at the Western 

College of Veterinary Medicine, University of Saskatchewan by email: haley.scott@usask.ca, or by phone: 

1-306-966-7169. Alternatively you can contact Dr. Fabienne Uehlinger, head researcher by email: 

f.uehlinger@usask.ca, or by phone: 1-306-966-7062.  

 

Thank you! 
 

Every completed survey will be entered to win an iPad Mini 4 valued at approx. $450! Please 

provide us with your name and contact information at the end of this survey to enter. 
 

Please note: we were previously offering $8 Tim Hortons Gift Cards for this survey, but due to logistical issues, we 

are now entering completed surveys in a draw. If you have already completed the survey and provided your contact 

information you will automatically be entered for the iPad draw. If you have already completed the survey and did 

not enter your contact information and would like to be entered for the iPad draw, please contact Haley Scott at 

haley.scott@usask.ca. 

mailto:haley.scott@usask.ca
mailto:f.uehlinger@usask.ca
mailto:haley.scott@usask.ca
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1. Please indicate in which region of Saskatchewan your farm is located. (See the 

following map and use the number that most closely matches your area):  

 

_______________________________________________________ 

If you are willing, please provide your Premise ID (PID) or legal land description. 

 

PID: ____________________________________________________ 

 

Legal land description: _____________________________________ 
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2. How many head of cattle in each of the following groups do you presently have 

on your farm? 

 

 Number of head 

Milking cows  

Dry cows  

Replacement heifers (weaned – breeding)  

Replacement heifers (bred – first calving)  

Calves (newborn – weaned)  

 

 

 

3. How concerned are you with internal parasites (worms) on your farm, where 1 is 

‘not concerned’ and 5 is ‘very concerned’? 

 

Not concerned  Somewhat concerned  Very concerned 

     

1 2 3 4 5 

     

 

 

 

4. In the last 3 calendar years, have you or your veterinarian tested fecal samples of 

any of your cattle for internal parasites (worms)? 

 Yes 

 No 

 Not sure 

 

 

 

5. If testing was performed, what class of cattle was tested? Check all that apply. 

 Milking cows 

 Dry Cows 

 Replacement heifers (weaned – breeding) 

 Replacement heifers (bred – first calving) 

 Calves (newborn – weaned) 

 Not sure 

 Did not test 
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Housing systems 

6. Which of the following groups of cattle had access to pasture at any point during 

the 2015 grazing season? If they had pasture access, please indicate approx. how 

many weeks on pasture each class of cattle had during the months of May, June, 

July, August, and September. If they did not have pasture access, please check 

‘No pasture access’. 

 May June July August Sept. 

No 

pasture 

access 

Milking cows 
      

Dry cows 
      

Replacement 

heifers 
(weaned – breeding) 

      

Replacement 

heifers 
(bred – first calving) 

      

 

7. Indicate whether you moved cattle between pastures during the 2015 grazing 

season for the following classes of cattle. Check the appropriate box for each 

group. If they did not have pasture access, please check ‘No pasture access’.  

 

Moved between 

pastures 
(moved between two or 

more pastures during the 

grazing season) 

No 
movement 

between 

pastures 

No pasture 

access 

Milking cows  
 

 

Dry cows  
 

 

Replacement heifers  
(weaned – breeding) 

 
 

 

Replacement heifers  
(bred – first calving) 

 
 

 

 

8. If any of your replacement heifers (weaned – first calving) had access to pasture 

in 2015, did they ever share pasture with adult cows (dry or milking) or graze the 

same pasture as adult cows (dry or milking)? 

 Always 

 Sometimes 

 Never 

 Replacement heifers had no pasture access 
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9. In the first 2 months of the spring/summer grazing period of 2015, how would 

you classify the pasture stocking density for the following classes of cattle? Please 

check the appropriate box for each class of cattle.  

Stocking density 

Intensively 

stocked 

(1 or more 

animals/acre) 

Moderately 

stocked 

(0.5 

animals/acre) 

Lightly 

stocked 

(less than 0.5 

animals/acre) 

No 

pasture 

access 

Milking cows     

Dry cows     

Replacement 

heifers 
(weaned – breeding) 

    

Replacement 

heifers 
(bred – first calving) 

    

 

10. In the first 2 months of the spring/summer grazing period of 2015, how did 

your cows and/or replacement heifers access water (ex. waterers, or sloughs and 

dugouts)? Please check the water source for each class of cattle.  

 
Waterers 

(tanks, watering bowls, 

electric waterers) 

Open water 
(sloughs, dugouts) 

Both 

Milking cows    

Dry cows    

Replacement heifers 
(weaned – breeding) 

   

Replacement heifers 
(bred – first calving) 

   

 

Internal parasite control 

11. Do you typically use a parasite control product on select animals on a case-by-

case basis, or perform treatment on the whole herd or entire management group? 

 Individual animal; case-by-case 

 Whole herd/entire management group 

 Do not use parasite control products 
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12. For each class of cattle listed in the table below, please list the parasite control products applied in 2015. Space has been 

provided for up to 2 deworming events for each class of cattle (additional space provided at the end of this table). 

*Please see the supplementary pages for the list of registered parasite control products for dairy cattle in Canada (pgs. 9-13) 

(If no parasite control products were used in 2015, please indicate this in the table below where appropriate).  

Class of cattle Treated in 

2015 

Month of administration 
 (if not known, indicate nearest month) 

Administration method  

(check one) 

Product used 
(see supplementary booklet) 

Milking cows 
 Yes 

 No 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

Class of cattle Treated in 

2015 

Month of administration 
 (if not known, indicate nearest month) 

Administration method  

(check one) 

Product used 
(see supplementary booklet) 

Dry cows 
 Yes 

 No 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 
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Class of cattle Treated in 

2015 

Month of administration 
(if not known, indicate nearest month) 

Administration method 

(check one) 

Product used 

(please see 

supplementary booklet) 

Replacement heifers 

(weaned – breeding) 

 Yes 

 No 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

Class of cattle Treated in 

2015 

Month of administration 
 (if not known, indicate nearest month) 

Administration method 

 (check one) 

Product used 

(please see 

supplementary booklet) 

Replacement heifers 

(bred – first calving) 

 Yes 

 No 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

  Pour-on 

 Injectable 

 Oral/drench 

 Feed additive/lick 

 

If you dewormed a group of cattle more than twice in 2015, please indicate what product what used, and for what class of cattle: 

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________
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13. How is the dose determined when using a parasite control product? Please check 

all that apply. 

 Based on each animal’s weight using a scale or weight tape 

 Based on each animal’s weight as determined by looking at the animal 

 Based on each animal’s age 

 Set dose for all animals based on the weight of the heaviest animal in the 

management group 

 As directed by your veterinarian 

 Other (please describe): __________________________________ 

 Do not use parasite control products 

 

 

14. What is your most important reason for choosing to use a parasite control 

product? Please select only one option.  

 Control of internal parasites (worms) 

 Control of external parasites (lice, mites, flies, etc.) 

 Signs observed (poor weight gain, diarrhea, rough hair coat, decreased 

milk production) 

 Routine treatment as a matter of prevention 

 Other (please describe): _______________________________________ 

 Do not use parasite control products 

 

 

15. Please indicate how important each of the following factors are to you when 

choosing a parasite control product on a scale of 1 to 5, where 1 is ‘not important’ 

and 5 is ‘very important’. 

 
Do not use  

parasite control  

products 

Not 

important 
 

Somewhat 

important 
 

Very 

important 

Price   1 2 3 4 5 

How well it works on internal 

parasites (worms) 
  1 2 3 4 5 

How well it works on external 

parasites (lice, flies) 
  1 2 3 4 5 

Ease of application   1 2 3 4 5 

Veterinarian recommendation   1 2 3 4 5 
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16. How concerned are you with internal parasite (worm) resistance to parasite 

control products on your farm, where 1 is ‘not concerned’ and 5 is ‘very 

concerned’? 

 

Not concerned  Somewhat concerned  Very concerned 

     

1 2 3 4 5 

     

 

17. Do you have any questions or concerns about internal parasites or parasite control 

products in cattle? 

 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

  

18. If you would like to enter the draw for an iPad Mini 4, valued at approx. $450, 

please provide us with your name and mailing address below: 

 

Name:____________________________________________________________

Address:__________________________________________________________

__________________________________________________________________ 

City, Prov.: _________________________ Postal 

Code:_____________________ 

Email (optional):____________________________________________________ 

Phone (optional): ___________________________________________________ 

 

Thank you for your participation! We appreciate your time!  
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APPENDIX C – ANTHELMINTIC HANDBOOK 

 

 

 
 

 

Western College of Veterinary Medicine 
 

 

 

 

 

 

 

 

 Anthelmintic Handbook 
 Examples of anthelmintics available for use in dairy cattle 

 

 

 

  

Principal Investigators:  

 

Dr. Fabienne Uehlinger - f.uehlinger@usask.ca;  

Haley Scott – haley.scott@usask.ca 
 

 

  

 

  

This handbook is intended as a reference list of some of the most commonly 

used products. It is not exhaustive and there may be products you are using 

that are not listed here. Please report the products you have used regardless 

of whether or not they are in this book. 
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1. Injectable Anthelmintics  
Bimectin® Injection 

Ivermectin 5mg/ml 

Bimeda MTC 

Cydectin® Injectable Solution for Beef and 

Nonlactating Dairy Cattle 

 

Moxidectin 10mg/ml 

Boehringer Ingelheim 

Dectomax® Injection 

Doromectin 5mg/ml 

Zoetis 

Ivomec® Injection 

Ivermectin 10mg/ml 

Merial 

Noromectin® Antiparasitic Injection For 

Cattle And Pigs 

 

Ivermectin 10mg/ml 

Norbrook 
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2. Pour-On Anthelmintics  
Bimectin® Pour-On For Cattle 

Ivermectin 5mg/ml 

Bimeda MTC 

Cydectin® Pour-On for Beef and Dairy 

Cattle 

Moxidectin 5mg/ml 

Boehringer Ingelheim 

 

 

 

 

Dectomax® Pour-On 

Doramectin 5mg/ml 

Zoetis 

Eprinex® Pour-On 

Eprinomectin 5mg/ml 

Merial 

 

Ivomec® Pour-On For Cattle 

Ivermectin 5mg/ml 

Merial 

Ivermectin Pour-On For Cattle 

Ivermectin 5mg/ml 

AVL Bio-Agri Mix 

 

 

 

Noromectin® Pour-On For Cattle 

 

Alverin® Pour-On 
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Ivermectin 5mg/ml  

Norbrook 

Ivermectin 5mg/ml 

Zoetis 

 

 

 

          No Image Available  
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3. Oral Anthelmintics  
 

 

Panacur® Dewormer For Beef and Dairy 

Cattle 10% Suspension 

 

Fenbendazole 100mg/ml 

Intervet 

Safe-guardTM Cattle Dewormer 10% 

Fenbendazole 100mg/ml 

Merck 

 

Valbazen® Broad-Spectrum Dewormer  

 

Albendazole 113.6mg/ml 

Zoetis/Pfizer 

Safe-guardTM Premix 20% 

 

Fenbendazole 200g/kg 

Merck 
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APPENDIX D – CHAPTER 3: RAW DATA TABLES 

Table D.3.1 Raw prevalence (95% confidence interval) and geometric mean fecal egg 

count (±SD) measured in eggs per gram of feces (EPG) and range of strongylids, 

Nematodirus spp. and Trichuris spp. in fresh environmental fecal samples collected in 

2016 from breeding-age heifers (n=540) from six dairy farms in Saskatchewan. 

 

@ Confidence interval 

# Standard deviation 

  June July August 
Strongylids 

 Prevalence % (95% CI@) 67.2 (60.3-74.1) 86.1 (81.0-91.2) 88.3 (83.6-93.1) 

 Mean EPG (±SD#) 2.3 (4.6) 2.4 (3.6) 4.2 (4.6) 

 Median EPG 0.2 0.6 3.7 

 IQR EPG 0-14.2 0-23.7 0-50.6 

 Range EPG 0-27.3 0-26.5 0-96.4 

Nematodirus spp. 

 Prevalence % (95% CI) 15.6 (10.2-20.9) 16.1 (10.7-21.5) 19.4 (13.6-25.3) 

 Mean EPG (±SD) 0.5 (3.4) 1.0 (3.3) 1.1 (5.5) 

 Median EPG 0 0 0 

 IQR EPG 0-3.4 0-4.4 0-14.2 

 Range EPG 0-5.6 0-14.4 0-29.0 

Trichuris spp. 

 Prevalence % (95% CI) 11.1 (6.5-15.7) 22.2 (16.1-28.4) 24.4 (18.1-30.8) 

 Mean EPG (±SD) 0.3 (2.0) 0.4 (2.0) 0.6 (3.0) 

 Median EPG 0 0 0 

 IQR EPG 0-0.6 0-1.1 0-4.0 

 Range EPG 0-2.2 0-3.2 0-8.6 
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APPENDIX E – L1 VS. L3 NEMABIOME COMPARISON 

Table E.3.1 Lin’s concordance coefficient (rho_c) to measure the level of agreement 

between using either L1 or L3 stage larvae as the starting material for the nemabiome 

assay to determine the relative proportions of each species in a sample. Missing values 

indicate species that were detected using either the L1 or L3 larvae, but not both.  

 rho_c 95% CI p-value 

Oes_radiatum 0.026 -0.223 – 0.285 0.843 

Oes_venulosum --- --- --- 

C_oncophora 0.349 -0.206 – 0.904 0.218 

C_punctata --- --- --- 

H_contortus -0.002 -0.007 – 0.002 0.332 

H_placei -0.069 -0.499 – 0.360 0.751 

O_ostertagi 0.332 -0.227 – 0.891 0.245 

T_axei --- --- --- 

T_vitrinus --- --- --- 

T_colubriformis -0.016 -0.065 – 0.033 0.527 

N_helvetianus --- --- --- 

 


