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ABSTRACT
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This thesis investigates the epidemiology of gastrointestinal nematodes in a naturally
infected pastured, spring-calving cow-calf herd in southern Ontario. In addition, it examines the
efficacy of two anthelmintics on fecal egg counts (FEC) and animal performance. In each of
2014 and 2015, 64 cow-calf pairs were randomly assigned to one of three treatment groups: oral
fenbendazole, topical ivermectin, or negative control. Treatment groups were randomly
subdivided into field groups and assigned to a rotationally grazed field at the Elora Beef
Research Centre. Weights, body condition scores (cows), and fecal samples were collected from
every animal before treatment, on day-14 (in 2015) and then at 28 d intervals. Animals were
placed on pasture immediately after treatment. In control calves, FEC were zero at treatment and
peaked after 55 to 72 d on pasture at 24 epg (95% CI 15.82, 37.2). In control cows, FEC were
initially higher 3 epg (95% CI 1.75, 4.39), declined after placement on pasture and rose again to
peak at 4 epg (95% CI 2.57, 6.32), the same time as calves. Negative control cows had 1.35
(95% CI 0.92, 1.99; P = 0.11) and 2.14 (95% CI 1.46, 3.14; P = 0.0009) times more eggs per
gram then the fenbendazole and ivermectin treatment groups respectively. Treatment did not
have a significant effect on calf FEC or weaning weight or cow pregnancy rates. Four different
fecal egg count reduction tests (FECRT) were compared in 2015. They all suggested some level
of anthelmintic resistance (AR) to both fenbendazole and ivermectin (percent FEC reduction

ranging from 64.8 to 96.9% with lower 95% CI ranging from 26.4 to 67.2%), despite the fact that
this herd had very little history of anthelmintic use. This thesis shows the importance of
continued work on anthelmintic treatment and efficacy in cattle.
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CHAPTER ONE
LITERATURE REVIEW

1.1 Introduction
Internal parasites historically have been, and are today, a worldwide health concern for
ruminants (Ward et al., 1991). The four most pathogenic classes of internal parasites in cattle
include: gastrointestinal nematodes (GIN), lungworms, liver flukes, and coccidia (Craig, 1988).
Gastrointestinal nematodes are from the phylum Nematoda, also known as Roundworms. A
diverse collection of GIN genus and species can be found in one host animal. The composition of
nematode species varies among individuals, herds, and within different geographical areas. Three
of the most common genera affecting cattle in the U.S. and Canada are: Ostertagia, Cooperia,
and Nematodirus (Ranjan et al., 1992; Walker et al., 2013). Depending on the pathogenicity of
the species and the resilience of the infected host, these parasites may have negative implications
on the host animal’s performance and welfare, such as weight gain and protein loss.
Gastrointestinal nematodes are often single-host parasites that rely on their host (e.g. cow
or calf) as well as their environment (i.e. pasture) to complete their direct lifecycle. When
infecting the host, the parasitic stages (i.e. fourth stage larvae and adults) create lesions in the
gastrointestinal tract, altering its physiology and negatively impacting the animal’s performance
and welfare (Sutherland and Scott, 2010). Anthelmintic drugs are commonly administered to
cattle to remove GIN parasite burdens and their use is a routine part of cattle production practices
in North America. Today, because of widespread anthelmintic use in the cattle industry, clinical
symptoms of GIN parasitism such as diarrhea and hypoproteinemia expressed as submandibular
oedema (i.e. bottle jaw) are uncommonly seen. However, producers should continue to be
1

concerned with the risk of subclinical infections in their cattle that result in poor growth and
weight gain (Hawkins, 1993).
Many studies demonstrate the benefit of treating clinical and subclinical GIN infections
in cattle with an anthelmintic (Ciordia et al., 1987; Stuedemann et al., 1989; Hawkins, 1993).
Over time, different drug classes have been developed to control internal parasites affecting
livestock. Despite the past development and utilization of successful anthelmintics in animal
production, controlling and monitoring efficacy of these drugs is of importance to ensure future
control (Waller, 2006). With the current lack of variety in the anthelmintic market and
continuous, loyal use of certain anti-parasitic products, the development of anthelmintic
resistance is evident. Though anthelmintic resistance (AR) in cattle does not appear to be as
much of a challenge as it is in sheep flocks (Falzon et al., 2013), reports of AR have also been
made in cattle in many areas of the world (Coles et al., 2006).
In North America there are three broad-spectrum anthelmintic drug classes that are most
commonly used to control GIN parasites in cattle: macrocyclic lactones (e.g. ivermectin,
doramectin, and moxidectin), benzimidazoles (e.g. albendazole and fenbendazole), and
imidazothiazoles (e.g. levamisole). Within the literature there is some controversy as to which
drug class is most effective in treating gastrointestinal parasitism in cattle. Resistance in cattle to
macrocyclic lactones, as well as benzimidazole products, has been reported in different countries
around the world (Coles et al., 2006). A few studies and anecdotal reports suggest resistance to
these drug classes exists in cattle globally. However, to the authors knowledge, there have been
no studies that show anthelmintic resistance in cattle to either of these drug classes in Canada
(Coles, 2002).
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This chapter will examine the epidemiology of GIN parasites in beef cattle, specifically
the cow-calf segment of the beef industry. Focus will be placed on two common anthelmintics
used in cattle production: fenbendazole (benzimidazole) and ivermectin (macrocyclic lactone).
The effectiveness of these products to treat gastrointestinal parasitism will be highlighted.
1.2 Gastrointestinal Nematodes
Gastrointestinal nematode parasites are commonly found in cattle. The National Animal
Health Monitoring System’s beef study (2007, 2008) looked at the prevalence of internal
parasites in weaned beef calves in the U.S. (Stromberg et al., 2015). Twenty fecal samples were
collected from 99 participating operations from a possible 24 U.S. States, and FEC were
performed. In the study, 85.6% of the samples had Nematodirus eggs, 91% had Cooperia, 79%
had Ostertagia. A longitudinal study on GIN burdens in Canadian dairy cows retrieve fecal
samples from 8 randomly selected animals from each of the 38 herds, across 4 provinces (PEI,
QC, ON, SK; Nodtvedt et al, 2002). More than 99% of the larvae identified in cultures were
either Ostertagia or Cooperia.
Different nematode species reside in different locations in the intestinal tract. The major
pathogenic GIN of ruminants and their site of infection are as follows: Haemonchus spp.,
Ostertagia spp., and Trichostrongylus spp. in the abomasum, Nematodirus spp.,
Trichostrongylus spp., Cooperia spp. and Bunostonum spp. in the small intestine and
Oesophagostomum spp. and Chabertia spp. in the large intestine (Sutherland and Scott, 2010).
A pasture environment presents the opportunity for cattle to consume infective third stage
larvae (L3) from common GIN cattle species as they migrate up blades of grass. A study
conducted at the University of Minnesota calculated the number of eggs that were deposited on
3

pastures from one Shorthorn cow-calf pair over their typical five-month grazing season. The
average number of eggs shed from one cow-calf pair was around 51 million (Stromberg and
Gasbarre, 2006), with 30% of these developing into the infective larvae stage (Stromberg and
Averbeck, 1999). Numbers like this allow high egg burdens to readily build up on pasture and
inside the grazing ruminants.
Temperature and moisture are the main influences on development of the free-living stages
of GIN species (Sutherland and Scott, 2010). The optimum environmental conditions for survival
of L3 on pasture are moderate temperatures of 10 to 15 degrees Celsius, and high humidity –
with temperatures higher than this an increase in mortality of most larvae species is seen
(Armour, 1980). A recent study conducted in Alberta, Canada, looked at spatial and temporal
variability of GIN transmission across the province among calves (Beck et al., 2015). They
found that humidity, air temperature and accumulated precipitation were significant predictors of
the risk of GIN transmission in this northern climate. It has also been shown that a large
proportion of helminth species, as L3, are able to survive up to a year in a range of climatic
conditions (Craig, 1988). Third-stage larvae can survive until all energy storages are depleted.
Many of the GIN parasites, in the L3 stage, can overwinter successfully on pasture in Ontario,
Canada (Slocombe, 1973).
Total eradication of GIN parasites on a farm is unlikely due to the long survival of L3 on
pasture and the fecundity of the adult parasites (Myers, 1988). To increase chances of successful
control of internal parasites it is critical to have an understanding of the parasite’s life cycle. It is
also important to consider environmental conditions, geographical area, and other factors that
can affect GIN survival and infectiousness (Craig, 1988).
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1.2.1 Epidemiology of Gastrointestinal Nematodes
The Oxford Dictionary (2010) defines epidemiology as ‘The branch of medicine which deals
with the incidence, distribution, and possible control of disease…’. To understand the
epidemiology of GIN and helminthiasis in cow-calf production systems, understanding the lifecycle of the GIN parasites is vital, including which species of GIN parasite is present in the
population. Lifecycle details, such as prepatent periods (PPP) and the fecundity and
pathogenicity of the species vary. The success and impact of these GIN species also changes
with the geographic region in which they are found.
To date, there has been little work on the epidemiology of GIN in Ontario cow-calf
operations. Amongst the studies that have been conducted in Canada and the United States, a few
trends have been reported. Gastrointestinal nematode egg counts in cows generally rise in the
springtime. A study conducted in Quebec shows geometric means of mixed GIN eggs per gram
(epg) of fecal matter in cows are low over the winter (< 5 epg) and high in May and early June
(peaked at 15 epg; Ranjan et al., 1992). The high fecal egg count levels in this study coincided
with spring turnout. This could be the result of a couple of factors. Increased FEC could be seen
during spring-calving because egg counts rise in cows during the periparturient period (Craig,
1988; Slocombe and Curtis, 1989). The periparturient period is the period immediately before
and after calving (4-8 weeks). At this time, periparturient relaxation in immunity (PPRI) results
in a down regulation of immunity and emergence of dormant fourth stage larvae (L4) that have
overwintered in the host. These immunologically stressed cows are more likely to have an
increase in the number of nematode eggs that are excreted. This immunological phenomenon is
also known as periparturient egg rise (PPER).
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In addition to PPER, in the spring, environmental conditions can also trigger resumption of
development of inhibited larvae in the host and environment (Smith, 1979). The fourth stage
larvae ‘awaken’ from a state of hypobiosis and molt into the adult stage inside the host
(Stromberg and Gasbarre, 2006). The adults then mate and the females start producing eggs. This
assumes that the animal was infected during the previous grazing season with the nematode
parasites. The eggs produced are then excreted from the host onto the pasture environment where
they develop into the infective third stage larvae (L3). The development of eggs to L3 is
dependent on environmental conditions: temperature and moisture. Ciordia and Bizzell (1963)
looked at the effect of various constant temperatures on the development of GIN eggs to the
infective stage. They looked at experimental monospecific infections as well as mixed infections.
In general, the rate of development rose with increased temperature. The optimal temperature for
a mixed infection, including Ostertagia ostertagi, based on rate of development and percentage
of eggs that developed, was 25°C. No development was seen with temperatures below 6°C and
development was quicker with temperature above 32°C, however mortality rate was very high
under these conditions. Under ‘optimal’ temperature Ciordia and Bizzel (1963) found that O.
ostertagi eggs hatch in 12 to 24 hours and develop to L3 in five to six days.
The L3 on pasture are non-feeding and free-living. These infectious larvae can attach to
herbage and work their way up the vegetation, setting themselves up to be consumed by grazing
animals. Once ingested the L3 make their way to the abomasum or intestine where they embed
themselves; the location is species dependent. Stromberg and Gasbarre (2006) did a good job of
describing parasite-pasture and parasite-host dynamics. Using O. ostertagi infection as an
example, the L3 infective stage make their way to the gastric glands of the abomasum. After 96
to 120 h post-infection the larvae start to molt to L4 - this is where arrested development occurs.
6

If there is no arrested stage the parasite develops into an adult. Peaking at about 17 days-postinfection, the bulk of the new adults tear away from the tissue causing damage that may result in
scarring. The adults will then establish themselves in the lumen of the abomasum where they
mate and start producing eggs that are excreted by the host into the environment. Using
experimental O. ostertagi infections as an example, since it is a well-studied species, eggs are
seen in feces 17 to 21 days-post-infection. Peak egg production is seen between 28 and 40 d
post-infection. Adults peak in egg production after 11-19 d of commencing egg production. The
approximate prepatent period for other common GIN species are as followed: three to four weeks
for Cooperia spp, five to six weeks for Nematodirus helvetianus, and, five to six weeks for
Oesophagostomum radiatum. Once the adults are established in the lumen they will feed
(Stromberg and Gasbarre, 2006).
Occurring at the same time as PPRI, spring rise in egg counts results in increased L3
contamination of pasture and thus an increase of infected calves (Ranjan et al., 1992). Therefore,
egg counts of calves tend to follow those of cows, peaking August to September in Canada and
the U.S. (Ranjan et al., 1992; Couvillion et al., 1996). One study supporting this trend in Ontario
showed that the average FEC of untreated calves rose from 0.20 to 134.80 epg (95% CI N/A)
from spring turnout to September (Slocombe and Curtis, 1989). It should be noted that the
weather conditions during this study did not follow the 30-year average. Temperature in June
was lower than normal suggesting a decreased rate of development of the free-living stages.
Precipitation was also below normal in the month of July and August. This resulted in poor
dispersal of larvae that had developed. In addition, herbage sampling of a Quebec cow-calf
pasture showed that pasture larval counts are at their highest during September and October
(Ranjan et al., 1992). Work done with cattle has found that adult egg patterns are generally
7

followed by increased L3 on herbage and finally increased FEC in grazing stock (Slocombe and
Curtis, 1989).
Life-cycle details and pathogenicity of GIN varies with species. Furthermore, species and
expected worm burden numbers vary with the geographical region and from farm-to-farm. The
most prevalent gastrointestinal nematode species found in fecal samples and pasture/herbage
samples, in studies throughout Canada and the American Midwest were Ostertagia and Cooperia
(in cows and calves). Along with these nematodes were Nematodirus, Trichostrongylus,
Oesophagostomum, Haemonchus and Bunostomum, as well low numbers of Trichuris (Slocombe
and Curtis, 1989; Ranjan et al., 1992; Stromberg and Corwin, 1993).
In summary, due to the high fecundity and larvae survival time of some GIN species, total
eradication of internal parasites in cow-calf operations is extremely unlikely (Myers, 1988). For
this reason, control programs to limit production loses must be carefully developed. Knowing the
epidemiology of the production stealing GIN, under certain climatic conditions and management
approaches, is critical in developing and implementing a successful control and treatment
program (Stromberg and Averbeck, 1999). Important factors to consider when developing an
internal parasite control program for cow-calf production systems will be discussed in further
detail.
1.2.2 Ostertagiasis
The species Ostertagia ostertagi is the most pathogenic of the nematode species that affect
cattle in north temperate regions of North America (Gibbs, 1988). This species has the greatest
effect on young cattle and is of minor importance to cows (Gibbs, 1993). This could partly be
due to the increased time it takes for cattle to develop immunity to this persistent species of GIN.
8

There are two types of O. ostertagi infections: Type I ostertagiasis and Type II ostertagiasis.
Type I results from recent infection. It primarily affects calves seven to fifteen months of age and
the majority of the parasites are in the adult stage. Type I disease is most common in the summer
when L3 populations on pasture are very high (Vercruysse and Claerebout, 2001) and in autumn,
around weaning time, when larvae counts are high, pasture vegetation is low, and calves have
high nutritional requirements due to growth (Entrocasso, 1988). These first year grazing calves
have yet to develop a protective immunity and with high consumption of L3 can develop
parasitic gastroenteritis. The development of the disease is rapid and 15-30 kg can be lost in 2050 days (Entrocasso, 1988). This reduction in body weight is significant and occasionally clinical
Type II develops.
Type II ostertagiasis occurs when large numbers of infective larvae ingested during grazing
the previous late summer and autumn only develop to L4 and then become dormant (hypobiotic)
in the abomasum. These larvae emerge from the gastric glands weeks or months after the animals
are removed from pasture, usually in the spring (Smith and Perreault, 1972; Smith, 1979). This
type of ostertagiasis generally occurs in cattle 12-20 months of age. Type II ostertagiasis is rare
in Northeastern U.S.A (Gibbs, 1993), and is likely rare in Ontario due to similar climatic
conditions.
The threshold for therapeutic treatment of parasitic gastroenteritis in cattle varies with each
individual case. Clinical disease is possible when an animal appears dull, has watery diarrhea,
weight loss/reduced weight gain, anorexia and loss of body conditioning (Vercruysse and
Claerebout, 2001). Fecal egg counts are a poor diagnostic tool of clinical cases because of
differences in parasite fecundity and host resilience (the same parasite load will cause varied
clinical signs or severity of signs depending on the particular host). Fecal egg counts are
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commonly performed because they are quick and inexpensive. Other clinical parasitism
diagnostic tools include detections of serum gastrin levels, serum pepsinogen levels, or serum
antibody levels from specific parasites (Berghen et al., 1993). Diagnosing the threshold for
treatment of subclinical cases is more of a challenge, as there are no visual symptoms and there
are no published guidelines for when cattle should be treated based on weight or FEC. There is
need for additional research in this area.
Studies have shown that O. ostertagi has high pathogenicity and can overwinter on pasture as
L3, as well as in the host as arrested L4, and to a limited degree as adults (Stromberg and
Averbeck, 1999). These characteristics increase the survival of the Ostertagia spp. in a
population. A study was conducted on the resumption of Ostertagia, Cooperia and Nematodirus
in the Maritimes (Smith, 1979). In this study, two groups of dairy calves grazed late fall pastures.
One group was pastured only the month of September and the other group only late October to
November. Half of each of these groups was slaughtered 14 d after they were removed from
pasture and the other half of each group was overwintered and slaughtered the following spring.
The gastrointestinal tracts of the animals were assessed for nematode burdens (i.e. L4 and adult).
For calves grazed September 4-18 and slaughtered 14 d after removal from pasture, an average
of 13,095 Ostertagia, 46,255 Cooperia, and 6,248 Nematodirus were found. Those pastured
during the same period but slaughtered the following spring (261 d later) carried a mean average
of 2,520 Ostertagia, 65 Cooperia, and no Nematodirus. Similar counts were seen in the groups
pastured October 30 – November 13. These results show that overwintered calves shed most
Cooperia and all Nematodirus, but still carried Ostertagia through the winter (Smith, 1979). It is
important to note the calves used in this study were removed from pasture and overwintered
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under artificial conditions. They were housed in individual box stalls, in a heated, artificially
lighted, ventilated barn – similar conditions of dairy calves overwintered in Ontario.
1.2.3 Pathophysiology of Gastrointestinal Nematodes
As mentioned previously, GIN infections generally cause physiological changes and damage
to the gastrointestinal tract of the host. These physiological changes are related to immune
response to the parasites as well as the damage caused by the parasite. This can result in
decreased appetite, impaired gastrointestinal function, changes in protein, energy and mineral
metabolism, and alterations in water balance (Fox, 1997). One review suggests that a reduction
between 10-30% in feed intake in ruminants can result due to GIN parasitism (Van Houtert and
Sykes, 1996). As a consequence of this the host animals’ performance is impaired.
The depression in the host animal’s appetite is of most importance economically (Stromberg
and Gasbarre, 2006). Many studies have shown that the difference in weight gain between
infected and worm-free animals is a result of reduced feed intake (Sutherland and Scott, 2010).
Loss of appetite is related to the secretion of inflammatory chemokines by a subpopulation of Tcells (type of white blood cell that produces chemokines, a class of cytokine, with the function of
attracting white blood cells to site of infection to stimulate antibody production) or stimulation of
regulatory hormones, such as gastrin. Increased abomasal pH results in elevated pepsinogen
concentration in the plasma and stimulates the secretion of gastrin (McKellar, 1993). Elevated
blood gastrin levels and a depression in voluntary feed intake has been seen in O. ostertagi
infected calves (Fox, 1997). In addition to reduced voluntary feed intake, parasitism also reduces
feed conversion efficiency, i.e. the animals have a limited ability to utilize the nutrients they do
consume. This results from immune damage, impaired digestion and changes in metabolism. In a
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review on the adaptive physiological process of gastrointestinal parasite infected hosts, Hoste
(2001) documented processes that contributed to reductions in nutrient absorption. They were as
follows: ‘a reduced surface of absorption, related to an abrasion of villi; a decrease in
absorptive capacity per enterocyte; a reduction in enzyme activity, particularly those associated
with the brush border of absorptive cells; and/or changes in the gut motility, resulting in a
reduced contact time between the luminal ingesta and the absorptive epithelium.’ (Hoste, 2001).
Protein metabolism can be affected, and affects host performance. Supplementation with
soybean meal has been shown to improve the resistance of the host to GIN infections (Fox,
1997). By increasing dietary protein, one can work to compensate for the impaired protein
metabolism, and promote the development of acquired immunity in some hosts (Fox, 1997).
The implications of GIN infections go beyond the activities of the gut of the host. Anabolic
activities of the liver and immune system are increased, while the synthesis of new bone and
muscle is reduced, although the mechanism for this is not completely understood (Sutherland and
Scott, 2010).
Adult cattle often have had the opportunity to develop protective immunity to GIN
infections, so clinical disease is low. However, subclinical disease such as impaired milk
production and reproduction has been documented in dairy cows (Sutherland and Scott, 2010;
Ravinet et al., 2014). The effect of GIN on milk production and reproductive performance of
cattle will be discussed further in section 1.4.1.
1.2.4 Nutrition and Parasites
The relationship of nutrition and parasitism has been well studied. As a generalization,
animals that are well-fed tend to suffer less from internal parasite infections. Internal parasites
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affect the metabolism of their host (Fox, 1997). The damage results in poor utilization of
nutrients and deteriorating animal health. The metabolic cost of infection includes the cost of
damage to the gastrointestinal tract, other tissues and organs, and poor nutrient absorption and
utilization. Protein turnover and energy expenditure of the gastrointestinal tract, mainly the small
intestine, are high. For this reason, infected animals have high metabolic requirements
(Sutherland and Scott, 2010). The degree of damage is variable depending on anatomic location,
the parasite species, the amount of infection, host immunity, etc. It has been determined in lambs
that nutrient partitioned for growth will be diverted for repairing damaged tissues and organs
(Butter et al., 2000) and to establish an immune response (Sutherland and Scott, 2010). Although
the majority of this work has been done in sheep, this phenomenon is also seen in calves
(Sutherland and Scott, 2010).
Immunologically naïve animals require adequate nutrition to fulfill maintenance
requirements in order to mature and develop appropriately. Meeting maintenance requirements is
the first priority. The second priority in regards to nutrient partitioning of young stock is building
adequate immunity because of its importance in future survival and success (Sutherland and
Scott, 2010). These demands differ from older stock that have been previously exposed to GIN
and have established some immunity. It is important to keep in mind that in Canadian climates
there is a ‘non-exposure’ period for up to six months, over winter, where this acquired immunity
may wane.
It is important to understand the nutrition requirements of animals and how nutrition is
being utilized under parasite challenged conditions. For example, improved nutrition can be used
to improve growth of naïve animals. This in turn increases the ‘resilience’ of that animal to
parasitism (i.e. remains a host to GIN infection, but able to maintain productive in desired
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parameters), but not necessarily ‘resistance’. Nutrition has little effect on development of
immunity in young ruminants (Sykes, 2008). In mature animals, an improvement in nutrition
could result in enhancement of the protective-immunity against parasites that are already
established. This would mean an increase in ‘resistance’. Overlap seems to exist between
‘resilience’ and ‘resistance’ and will be explored further in the next section.
There is no literature on beef cattle, but research with sheep has suggested the benefit of
protein supplementations in certain situations to compensate for the increased amino acid
demand in parasite challenged animals (Sykes and Coop, 2001). It has been suggested that
supplementing reproducing animals during the PPRI time, when they have the ability to express
mature immunity but lack the resources, is beneficial (Houdijk, 2008). There is conflicting
literature on the benefit of nutrient supplementation of GIN infected ruminants to increase
immunity to parasites (Sutherland and Scott, 2010). It is unclear how protein supplementation
would affect immunity in cattle and more work is needed in this area.
1.2.5 Genetics and Parasites
Herd immune response to GIN infection and its genetic component could also be a
management tool. Nematode egg secretion of cows shows an over-dispersed distribution
(Stromberg and Gasbarre, 2006); this means that a small percentage of the animals are
responsible for the majority of the eggs on pasture (20% of animals carry the majority of
parasites and 80% carry very few). Immune response to GIN is multifactorial. The immune
phenotype that is expressed depends on factors such as the parasite itself, prior exposure, stress,
macro- and micronutrient balance, and of course host genotype. Selective breeding for host
resistance may offer an advantage in limiting the success of the parasite. Particular animals may
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carry a ‘resistance genotype’ resulting in lower GIN egg output. Variability in parasite resistance
exists amongst species, amongst different breeds of a species, and within a breed (Sutherland and
Scott, 2010).
Environment greatly influences GIN burdens and FEC. For this reason, trials looking at
genetic heritability to GIN infections must have large numbers of animals observed over multiple
breedings. In sheep and cattle, the heritability of FEC is moderate. It is thus appropriate to use
FEC as a basis for selective breeding when parasite pasture burdens are moderate to high.
Studies suggest heritability of FEC is between 0.2 and 0.4 (Leighton et al., 1989; Mackinnon et
al., 1991). There are few examples of experimental selective breeding programs involving
controlled GIN infections done with cattle. This is partly due to the high cost of cattle relative to
small ruminants. Despite this, a number of studies have estimated the heritability of resistance to
GIN in cattle to be sufficient (0.29-0.60) and useful in selective breeding programs (Leighton et
al., 1989; Frisch et al., 2000).
It has been suggested that enhanced ‘resistance’ to GIN parasitism is associated with
depressed productivity. This involves the partition of energy to immune response rather than
growth. A negative correlation between traits, selecting for animals with reduced FEC and liveweight gain, has been reported in sheep (Bisset and Morris, 1996). This is of concern when
selecting animals, as one of our main goals is to enhance productivity with our breeding
selections. One possible way around this is to select those animals that still perform under
parasite challenge – animals with high resilience (less heritable than resistance). The downside to
this is that resilient individuals often have very high parasite loads, contributing greatly to
pasture contamination (Sutherland and Scott, 2010). Selecting for these animals, using clinical
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parameters versus FEC, can be counterproductive if trying to reduce L3 pasture contamination
(Sutherland and Scott, 2010).
Fecal egg counts are commonly used as a phenotypic marker to select for
resilience/resistance to gastrointestinal parasitism in ruminants, but vary tremendously based on
pasture challenges, parasite type, stage of grazing season, and age of animal. In cattle, antiparasite antibodies have been assessed to determine possible potential as markers with little
success (Sutherland and Scott, 2010). If a genotypic marker for parasite resistance/resilience was
discovered it could be used on an animal of any age to determine susceptibility to GIN parasite
infection. To the author’s knowledge, no specific marker has been discovered for GIN parasite
resistance in cattle at this time. Past research has detected the region associated with phenotypic
response to GIN parasitism; however given its complexity and cost it is unlikely that the genes
will be suitable markers for GIN resistance (Sutherland and Scott, 2010). Continuing research is
looking for different ways to detect genotypic differences correlated with the desired trait in
attempt to discover a reliable genotypic marker that can be used to select for resistance to GIN
parasitism in cattle.
1.2.6 Fecal Egg Counts
With the collection of a fecal sample from an animal, a fecal egg count (FEC) can be
conducted to determine the number of nematode eggs a host animal is excreting, usually
expressed as eggs per gram of feces or epg. There are different methods of performing a fecal
egg count, each with benefits and shortfalls (Levecke et al., 2012). The McMaster technique is
often used due to its simplicity. The concern with this method is the low analytic sensitivity (10
to 50 egg per gram (epg)). This is a problem with adult cattle as they often have FEC lower than
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the detection limit of this method. Two methods commonly used in cattle are the modified
Wisconsin flotation technique and FLOTAC (Levecke et al., 2012). Both of these methods have
a minimum detection limit of 1-2 epg and function based on flotation of eggs from fecal
material. However, since the FLOTAC method requires a special apparatus, many laboratories
choose to use the modified Wisconisn technique with cattle feces due to its ease of use and
accuracy.
1.2.6.1 Modified Wisconsin Floatation Technique
The Modified Wisconsin Centrifugal Flotation Technique is useful for recovering
trichostrongylidae eggs when in low number (Egwang and Slocombe, 1981); therefore,
commonly used when dealing with cattle feces. This method uses a sucrose solution to retrieve
GIN eggs from five grams of fecal matter. The technique has a recovery rate of 62.5%; therefore
eggs lost in the process must be compensated for by multiplying the number of eggs found by 1.6
(Egwang and Slocombe, 1982). Fecal egg counts are commonly used in studies to measure the
level of infection/parasitism in trial animals and/or to determine treatment efficacy. Egg counts
can also be performed on fecal samples from animals in a herd to gauge the level of GIN
infection. They can be incorporated in a beef herd health program as a tool to monitor
effectiveness of internal parasite control programs.
1.3 Anthelmintics Past and Present
Currently, anthelmintics make up the largest sector in animal pharmaceutics
internationally (McKellar and Jackson, 2004) and within the anthelmintic industry, cattle
comprise the largest portion (Besier, 2007). Prior to the 1960s, internal parasite treatment for
cattle consisted primarily of metal and plant extracts (McKellar and Jackson, 2004). These
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compounds would mechanically irritate the parasites from their site of preference. The 1960s to
1980s brought major progress in gastrointestinal parasite treatment with new anthelmintic
development. Anthelmintic efficiency was improved through increased potency and the rate at
which the drug would act. (McKellar and Jackson, 2004)
The discovery of thiabendazole and levamisole (an imidazole – nicotine based that
worked by paralyzing the parasite) in 1960 and 1968 respectively, led to the introduction of a
new group of anthelmintics, known as the benzimidazoles, around 1975-1979 (McKellar and
Jackson, 2004). Fenbendazole (Safe-Guard®, Merck Animal Health) is a broad-spectrum
benzimidazole. (Fenbendazole is metabolized to oxfendazole – a Merial Animal Health product
that was discontinued.) This compound binds the eukaryotic cytoskeletal protein tubulin. The
binding inhibits the formations of microtubules, preventing the transport of secretory granules or
enzymes within the cell. This eventually results in cell lysis (McKellar and Jackson, 2004).
Administered at a 5mg kg-1 body weight dosage, Safe-Guard® suspension 10% fenbendazole, is
approved for cattle in Canada for the removal and control of adult Dictyocalus viviparous
(lungworm), Ostertagia ostertagi, and fourth stage and adult Haemonchus contortus and H.
placei, Trichostrongylus axei, Bunostomun phlebotomum, Nematodirus helvetanus, Cooperia
punctate and C. oncophora, Trichostrongylus colubrigormic, and Oesphagostomum radiatum
(Health Canada). With the status of having a high therapeutic index1, benzimidazoles are
commonly used in the cattle industry to help suppress the effects of internal parasites.
The introduction of fenbendazole was followed by the development of ivermectin in 1981
(McKellar and Jackson, 2004). Ivermectin is a macrocyclic lactone endectocide used on cattle

1

Therapeutic index is a ratio that compares the blood concentration at which a drug is toxic to the concentration
at which a drug is effective. Therefore, the higher the index the safer the drug.
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for internal and external parasite control and is commonly administered as a pour-on in that
species but is also available as a drench and injectable form for sheep. Ivermectin pour-on is
approved in Canada for cattle to control Ostertagia ostertagi (adult and fourth stage larvae),
Haemonchus placei, Trichostrongylus axei, T. colubriformis, Oesophagostomum radiatum,
Cooperia species, (adults) O. venulosum, Strongyloides papillosus, and Trichuris species.
Marcocyclic lactones, including ivermectin, are effective against the lungworm (adults and
fourth stage larvae) Dictyocaulus viviparous; cattle grubs (parasitic stages of Hypoderma spp),
mites, and horn flies (Health Canada). Components of the drug bind to glutamate-gated chloride
ion channels, which occur in invertebrate nerve and muscle cells. This leads to increased
permeability of the cell membrane to chloride ions with hyperpolarization of the nerve or muscle
cell, resulting in paralysis and death of the parasite (McKellar and Jackson, 2004).
The introduction of macrocyclic lactones, and their ability to control for internal and
external parasites, was a major advancement for the anthelmintic industry. There is evidence to
support the effectiveness of these two drugs (fenbendazole and ivermectin) in controlling GIN
parasitism, and improving productivity and profitability of beef production. These benefits will
be discussed in the next section.
1.4 The Benefits of Anthelmintic Use in Cow-Calf Operations
Gastrointestinal nematode parasitism as it occurs in ruminant production, whether clinical
or subclinical, can have negative effects on growth, performance, and overall health and welfare
of the animal. As mentioned previously, the species of nematodes that are most frequently found
in cattle vary with geographic region. When in the L4 stage, the parasites cause damage by
producing lesions in the host resulting in changes to gastrointestinal motility, digestion, and
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absorption (Craig, 1988). These changes result in anorexia and poor digestion and utilization of
protein and energy (Hawkins, 1993). This has a negative effect on performance, health and
welfare of the host, as well as negative economic implications for producers (Suarez et al., 1992;
Reinhardt et al., 2006).
Studies conducted in the US show that gastrointestinal nematode infections are amongst the
most costly diseases in the beef industry (Stromberg and Gasbarre, 2006; Lawrence and
Ibarburu, 2007). This is a result of the negative impacts that intestinal parasites have on cattle
performance. The pathophysiological effect of GIN infections can result in decreased feed
intakes and reduced live-weight gains, in comparison to uninfected cattle (Craig, 1988).
Gastrointestinal parasitism can also affect the animal’s immune response, decreasing their ability
to respond to other infections (Stromberg and Gasbarre, 2006). There have been several studies
that demonstrate the production and economic benefit of anthelmintic use in livestock operations
and the following section will examine their conclusions.
1.4.1 Production Benefit of Anthelmintic Use
Studies have been conducted to determine the effect on cow-calf health and productivity
when treated with fenbendazole. A study, conducted in Minnesota, looked at production
response when using fenbendazole on a Shorthorn cow-calf herd with a spring-calving system
(Stromberg and Vatthauer, 1997). In early May, the cow herd was separated into two groups, a
treated and a non-treated group. At that time, the treated group cows were given fenbendazole
suspension orally at 5mg kg-1 body weight. The treated and non-treated groups were pastured
separately on similar pastures. In mid-July cows and calves in the treated group were given
fenbendazole and both groups moved to a new pasture. In early October (approximately 5 mo
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post-treatment) the animals were taken off pasture and measurements of production were
collected. Treated cows were not different from controls with respect to weight gain or body
condition score (BCS), but reproductive performance was better in terms of pregnancy rates;
94% and 82% for treated and control cow respectively (P = 0.036). The calves treated with the
fenbendazole in mid-summer, were on average 18.5 kg heavier at weaning than those untreated
(P < 0.0001). Fecal egg counts in the treated cows (P < 0.005) and calves (P < 0.0001) were
significantly lower than those in the untreated groups.
Researchers in Louisiana also found an advantage in terms of weight gains when
fenbendazole drench was administered to calves in a spring-calving system at the start of the
grazing season (late May), mid-July, and late August. The treated group of calves had
significantly greater gains at weaning (8.4 - 11.8 kg; P < 0.05) than the control calves that did not
receive an anthelmintic (Derouen et al., 2009).
Similar studies evaluated the efficacy of macrocyclic lactone anthelmintics in cow-calf
operations. Ivermectin was shown to be beneficial on weaning weights in a spring calving
system with a weight gain advantage of 12.5 kg in calves treated late July or early August with
ivermectin, compared to untreated animals (P < 0.05) (Ciordia et al., 1987). At the University of
Florida, a trial that used doramectin (an averemectin) to determine the effect of anthelmintic use
prior to weaning on weaning weights in a spring-calving system found an average weaning
weight increase of four kg per calf (P < 0.001) (Hersom et al., 2011). Though both studies
showed a weaning weight advantage and treatment occurred at approximately the same time in
the grazing season, the difference was much larger in the study by Ciordia et al. (1987). This
may be due to the fact that all cows in that study were of the same breed (Herford Angus crosses)
and treatments and controls were housed on separate pastures fields. In the Florida study
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(Hersome et al., 2011) more than four breeds of cow were represented (Angus, Brangus,
Brahman, Romosinuano and crosses of these breeds) and treatment and control groups were
housed together. Additionally, all cows were treated at turnout with ivermectin. Mixing of
treated and control animals on the same pasture will generally decrease the parasite load on the
pasture and decrease the difference between treatment and control animals (Hersome et al.,
2011).
The effect of anthelmintic use on productivity and health of feedlot animals has also been
studied. A study conducted in Nebraska compared the growth performance of commercial
feedlot calves treated with ivermectin to calves administered a combination of fenbendazole,
permethrin, and fenthion (Guichon et al., 2000). Thirty pens were filled with 14,184 British-cross
steers (286 kg mean weight). On arrival to the feedlot the calves were randomly assigned a
treatment group and fecal samples were collected from 5% of the animals. Animals were
observed one or two times a day and animal health events were recorded. Growth performance
and carcass characteristics were assessed. Results suggested an economic benefit to using
ivermectin verses the other anthelmintics treatments. Fecal egg counts on arrival into the feedlot
were not significantly different between treatment groups. In comparison to the combination
fenbendazole group, final carcass weight (546.8kg versus 540.1kg, SE0.6) and live average daily
gains (1.33 kg d-1 versus 1.28 kg d-1, SE0.01) were statistically significantly higher in the
ivermectin group. Days on feed, morbidity rates and mortality rates were not significantly
different between the groups.
These studies demonstrate the production benefit of administering anthelmintic to calves,
with fenbendazole or ivermectin based products, in terms of improved weaning weights. To date,
there has been no research comparing the effectiveness or efficacy of these two drug classes in
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cow-calf systems in Canada. Because GIN infections can vary widely between regions,
additional research comparing these two products in under the same management systems in
Canada would be beneficial to allow cow-calf producers make informed decisions on
anthelmintic administration.
Reproductive benefits of anthelmintic use have also been shown (Whittier et al., 1999;
Larson et al., 1995). One study looked at sexual maturing of angus heifers (n= 32) treated with
an ivermectin, albendazole, combinations of both, or not anthelmintic at weaning (Whittier et al.,
1999). They concluded a significant benefit to anthelmintic treatment with increased follicular
development and reduced age at puberty. A study by Larson et al (1995), Kansas State
University, randomly allocated 78 fall born replacement heifers to a negative control or treatment
group. The treated group received injectable ivermectin at seven and eleven months of age. The
animals in each group were allocated to one of five replication pastures and various
measurements of production were collected throughout the breeding season. The researchers saw
decreased FEC, improved weight gains, hastened onset of puberty, and improved pregnancy
rates over the 60-day breeding season in the treated group compared to the untreated group.
Pregnancy rate in the treated heifers was 56.4% versus 25.6% in the untreated group (P < 0.01)
(Larson et al., 1995).
In addition, studies have shown improved milk production with anthelmintic treatment of
GIN infected cattle. A study looked at the effect of treating naturally GIN infected, pastured,
spring calving Holstein-Friesian primi- and multiparous cows with eprinomectin (avermectin)
(Forbes et al., 2004). Cattle had subclinical GIN infections. Those treated with the anthelmintic
an increased solids-corrected milk yield, after two weeks, compared to those not treated (P <
0.05). Primiparous cows that were treated had an increase in yield of 2.35 kg per day. Improved
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milk production in treated animals could partially be explained by the increased grazing behavior
and decreased idling time2 that is associated with treatment (Forbes et al., 2004). This increase in
milk yield could also be a partial result of improved digestive efficiency.
1.4.2 Economic Benefit of Anthelmintic Use
Based on published studies, a producer may see weaning weight benefits of 0.4 to 12 kg
(0.88-26.4 lbs.) with the administration of an anthelmintic (Stuedemann et al., 1989; Ciordia et
al., 1987). Cow-calf producers theoretically benefit from this increase in weaning weight. In
addition, as mentioned previously, Larson et al (1995) found a difference in pregnancy rate of
ivermectin treated heifers (56.4%) compared to non-treated heifers (25.6%) and a meta-analysis
of Canadian dairy cattle with parasitism, using ELISA to quantify nematode infections, reported
a 0.35 kg per cow per day milk production increase with treatment (Vanderstichel et al., 2013).
With these improvements in reproduction and milk production, one could assume cost-benefit to
anthelmintic use.
An economic analysis of pharmaceutical technologies in beef production done through
Iowa State University, showed the impact of completely removing anthelmintics from modern
production systems. Average monthly prices reported by the USDA-Agricultural Marketing
Service in the year of 2005 were used. The study only considered the impact on pregnancy rate
and weaning weight, assuming calves are weaned at the same time and sold at weaning. Potential
value in different vaccination programs was not incorporated in the analysis. Results suggested
an added cost of $165.47 (2006 US$) per head, with the removal of internal parasite control
programs in a cow-calf operation (Lawrence and Ibarburu, 2007). Another study, based on 2005
2

Idling time calculated as the time in 24 hours spent not grazing or ruminating and includes time spent drinking or
in social interaction.

24

market prices in the U.S., suggested an increased production cost of $190 per head (Edmonds et
al., 2010). These are substantial costs for a cow-calf producer. To put this in perspective, the
average price for a 227-273 kg (501-600 lbs.) steer calf in Ontario in 2005 was $118.10 per
hundred weight compared to $238.81 per hundred weight in 2014 (Agriculture and Agrifood
Canada). This suggests that the previously estimated costs of removing anthelmintics from cowcalf production were an underestimate given the current value of cattle.
The body of evidence from these studies strongly suggests that routine anthelmintic use
has a clear beneficial effect on the health and productivity of calves and adult cattle.
Discontinuation of the use of anthelmintics would likely result in economic loss.
1.5 Anthelmintic Resistance
The broad-spectrum activity and large safety margin of both fenbendazole and ivermectin
have contributed to their world-wide popularity in the cattle industry (McKellar and Jackson,
2004). The two classes of anthelmintics, benzimidazoles and macrocyclic lactones, have been
utilized in cow-calf animal health protocols for over 30 years, with some beef producers
remaining loyal to one particular class since its introduction to the market. This persistent use
may be a factor in the development of anthelmintic resistance (AR) in ruminant nematode
parasites. This resistance is a threat to the productivity and thus profitability of livestock
operations (Besier, 2007).
Anthelmintic resistance can be diagnosed using GIN egg counts to determine the portion
of L4 and/or adults that are able to tolerate (i.e. survive) treatment with the anthelmintic of
interest. Coles (1992) suggested one should see either a reduction in GIN FEC of at least 95%
following treatment, or a lower confidence interval > 90% (Coles, 1992). The World Association
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for the Advancement of Veterinary Parasitology (W.A.A.V.P), recommend that claims for
efficacy of a product should be for genus/species specific. A reduction >98% is considered
highly effective, effective (90-98%), moderately effective (80-89%) or insufficiently active
(<80%) (Wood et al.,1995). The detection of AR in cattle parasite populations is more
challenging than in small ruminants. This is largely in part due to the fact that FEC are generally
lower in cattle than in sheep or goats, making it more difficult to detect a significant decline in a
population of animals and thus accurately calculate treatment efficacy (Sutherland and
Leathwick, 2011). Therefore, there is no one well defined way to determine AR in cattle.
Reports of AR have been made for every anthelmintic class approved for use in cattle
(Kaplan, 2004). Since these reports of AR, two new drug classes have been introduced to the
small ruminant anthelmintic market: monepantel (Zolvix, Novartis Animal Health, Elanco) and
derquantel (Startec, Zoetis Animal Health). Reports of AR have been published for monepantel
(Mederos, 2014).
Anthelmintic resistance is currently a major threat to small ruminant producers,
particularly in sheep (Falzon et al., 2013). Benzimidazole resistance has been detected in many
sheep nematode parasites in many parts of Australia, Africa, Europe, North and South America
and Asia (Prichard, 1990). Similarly ivermectin resistance in small ruminant nematode parasites
has also been reported world-wide (Waller, 1997). With the high incidence of AR in small
ruminants, the continuous, prophylactic utilization of anthelmintics in cattle has aroused concern
of developing AR in GIN of cattle. There have been recent reports of AR in nematodes of cattle.
Cases have been reported in New Zealand, Australia, Argentina, Brazil and Europe (Sutherland
and Leathwick, 2011; Kaplan and Vidyashankar, 2012; Cotter et al., 2015). The development of
resistance varies depending on GIN species and anthelmintic class.
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Reports of macrocyclic lactone endectocide resistance have been made for Cooperia spp.
as well as Haemonchus spp. from Australia, U.S. and South Africa (Sutherland and Leathwick,
2011). A recent study in Western Australia, investigated AR in nematodes of weaned beef cattle
(6-15months of age) (Cotter et al., 2015). Nineteen commercial beef operations in the southwest
region of Western Australia, participated in this study. On each farm 75 animals were randomly
assigned to one of the following treatments: ivermectin (injectable), fenbendazole (oral), or
levamisole (oral), pour-on ivermectin and untreated control. With the exception of the pour-on
ivermectin treatment animals, all animals were pastured together; the pour-on ivermectin group
was pastured separately to prevent inadvertent transfer of anthelmintic to other cattle. The fecal
egg count reduction test (FECRT) was used to assess anthelmintic efficacy. Fecal samples were
collected at the time of treatment (all cattle), 14-days post-treatment (all cattle) and 28-days posttreatment (pour-on ivermectin only). Results showed only evidence of resistance to injectable
ivermectin in C. oncophora (59% of farms), but not O. ostertagi. Conversely, the same study by
Cotter el al. (2015) showed no resistance in Cooperia spp. to fenbendazole, however resistance
to this drug class was detected in O. ostertagi (50% of farms).
A study from western U.S. identified a population of O. ostertagi with resistance to the
macrocyclic endectocides (Edmonds et al., 2010). The 50 yearling heifers with the highest fecal
egg counts (average 75 epg) were selected from a group of 122 animals for use in the study. The
naturally infected animals were placed in a dry lot and allocated to one of the following:
injectable ivermectin (Ivomec®, Merial Canada Inc.), injectable moxidectin (Cydectin®, Fort
Dodge), oral fenbendazole (Safe-Guard®, Merck Animal Health, Intervet Canada Corp.), oral
oxfendazole (Synanthic®, Fort Dodge) and a negative control saline group. The geometric
reduction in adult O. ostertagi for ivermectin, moxidectin, fenbendazole and oxfendazole
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treatments were 89.6, 100, 99.8, and 99.8% respectively (P < 0.05). There was also a recorded
decrease in developing O. ostertagi fourth stage larvae following treatment with the moxidectin
and fenbendazole (98.8% and 97.9% reduction respectively [P < 0.05]). Reduction of these L4,
when treating with ivermectin or oxfendazole, was seen, but was not significantly different then
the controls. This suggests evidence of L4 AR to ivermectin or oxfendazole, as these drugs were
not efficacious for early L4 stages of O. ostertagi (Edmonds et al., 2010). Other studies that
examine AR have found similar evidence of ivermectin (injectable or topical) resistance in O.
ostertagi.
A recent paper was published looking at the effectiveness of different anthelmintics (oral
benzimidazoles and injectable and topical macrocyclic lactones) to reduce FEC in U.S. cow-calf
operations (Gasbarre et al., 2015). During the USDA National Animal Health Monitoring
System’s beef study, conducted 2007-2008, 72 producers (from 19 states) submitted fecal
samples from 20 of their animals before and 14 d after treatment with one of the above
anthelmintics. Samples were used to conducted FECRT. Fecal egg counts reductions were <
90% in 1/3 of the operations. All operations exhibited < 90% reduction had used pour-on
macrocyclic lactone as the anthelmintic treatment.
Reports of AR in cattle vary with drug class, GIN species and geographical region. At
this time, there are no published studies examining AR to fenbendazole or ivermectin in cattle in
Ontario, Canada. Currently, work is being done in western Canada, in this area of research.
1.5.1 Fecal Egg Count Reduction Test
One of the simplest methods for detecting AR in ruminants is the FECRT. This test
involves objectively assessing the efficacy of anthelmintic treatment of animals that are naturally
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infected with nematodes that shed eggs in the host’s feces. The test gives an estimate of the
efficacy of a treatment by comparing egg counts before and after the treatment. There are
varying guidelines for interpreting the percentage in reduction. Using the W.A.A.V.P guidelines
for evaluating efficacy of anthelmintics in ruminants, a reduction >98% is considered highly
effective, effective (90-98%), moderately effective (80-89%) or insufficiently active (<80%)
(Wood et al.,1995). Studies have found that a minimum of 10 animals needs to be assessed in
each treatment group, i.e. each anthelmintic or anthelmintic dose assessed (Coles et al., 2006)
and animals should be randomly assigned to the group. Initial FEC are required and FEC 14 d
post-treatment. There are several formulas available to assess FEC reduction; the following is an
example of one formula that is generally considered to be most accurate because treated and nontreated control animals are used (Falzon et al., 2014):
FECRT = 100 * (1-[T2/T1] [C1/C2])
Where T1 and T2 is the mean pre- and post-treatment fecal egg counts of the treated group and
C1 and C2 represents the fecal egg counts pre- and post-treatment of the control group. A paper
by Falzon et al. (2014) compared five different FECRT for defining resistance to ivermectin,
fenbendazole, and levamisole in GIN of sheep in a temperate continental climate. They
recommended researchers use FECRT that included both means for pre- and post-treatment and
use of randomly allocated animals in treated and control groups; using either geometric or
arithmetic means (the formula above). No work has been done in Canada to determine what
FECR calculation that is the most appropriate to use in cattle populations.
Both fenbendazole and ivermectin resistance in cattle GIN has potential to be a future
challenge in the Canadian cattle industry. There is a responsibility of those involved in the cattle
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industry to use current anthelmintics appropriately in effort to suppress the potential
advancement of resistance. This further supports the importance of developing, implementing,
and monitoring GIN control programs in beef operations. In addition, this supports the need for
future research to determine the current state of resistance to fenbendazole and ivermectin
products in cattle nematodes in North America.
1.6 Control Programs in Cow-calf Operations
In a review of novel methods of helminth control in livestock done in 2006 by Waller, he
stated; “…the mind-set of ‘suppression’ needs to be replaced by ‘management’ of parasites to
maintain long-term profitable livestock production”. This suggests the importance of integrating
non-chemical parasite control and anthelmintic treatment into livestock production systems to
sustainably control internal parasites. The most successful parasite prevention programs include
management/mechanical techniques to limit infection along with an anthelmintic treatment
program component (Waller, 2006). There are various non-chemical parasite control strategies
that have been shown to decrease GIN burden in pastured cattle, including animal management,
pasture management, and timely anthelmintic treatment.
1.6.1 Pasture and Animal Management
When working to establish an effective, sustainable internal parasite control program, one
must consider the main sources of contamination/infection (Waller, 2006). Gastrointestinal
nematodes reside in the animals and in free-living form in the environment. Controlling pasture
larvae burdens is the main goal of many parasite control programs. This is to minimize infectious
larvae populations on pasture and thus grazing animal contamination (Stromberg and Averbeck,
1999)..
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The type of grazing system used in a beef operation can play a part in the number of
infective larvae on pasture. The literature suggests rotational pasturing systems may result in
increased worm burdens on pasture compared to continuous grazing systems (Myers, 1988).
Rotational grazing involves the strategic movement of cattle from one pasture area to another,
allowing the previous pasture time to regenerate before the animals are returned to it. In terms of
helminthiasis, this practice may become problematic with high stocking densities. Stocking
density directly affects parasite burdens found on pasture (Stromberg and Gasbarre, 2006).
Increasing the number of animals on a pasture increases the free-living larval stage parasite
populations on pasture and thus infection pressure. Rotational grazing systems involve high
stocking densities, and as a result cattle graze closer to the ground and to fecal pats (Bransby,
1993). The majority of infective larvae are found within a 2.5 and 15 cm radius of a fecal pat
(Stromberg and Gasbarre, 2006).
Though there are many advantages to calving on pasture, calving pastures can be heavily
contaminated with infective larvae (Craig, 1988). A review done by T. Craig (1988), suggests
that environmental contamination seen before calving and through early lactation is a result of
the periparturient rise in egg counts in the cow. Periparturient relaxation of immunity (PPRI) is
well studied. It suggests that during the periparturient period suppressed immunity towards
internal parasites results thus increased FEC as a result. This could be partly nutritionally
inflicted (refer to ‘Nutrition and Parasite’ section). As the nutrient requirements, including
protein requirements, increase to support pregnancy and then lactation, a dropped expression of
acquired immunity is seen (Houdijk, 2008). Some work suggests protein supplementation during
the periparturient period in an effort to support immunity and reduce FEC (Fox, 1997).
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There are other management practices that limit animal exposure to the infective larvae
on pasture. One of these practices is late turnout of livestock to pasture in the spring. Studies
suggest that with late turnout a portion of larvae that have overwintered on pasture die-off before
the cattle are exposed to them (Myers, 1988). The infective stage larvae enter a state of arrested
development on pasture enabling them to survive harsh weather conditions. With warming
weather brought upon by springtime, the larvae begin depleting their energy stores. A study
suggests postponing turnout from mid-May to mid-June resulting in the ingestion of fewer
overwintered larvae (Nansen and Jørgensen, 1987). Currently, use of late turnout for parasite
control is still somewhat theoretical, as little work has been done on the benefits in a North
American climate. Reports have suggested Ostertagia, Cooperia, and Nematodirus are three
nematodes that overwinter in cattle across Canada (Ranjan et al., 1992). A more recent study, on
sheep farms in Ontario, suggests Teladorsagia spp., Trichostrongylus spp., and Nematodirus
spp. are able to overwinter on pasture and are still infective in the spring (Falzon et al., 2014).
Even with the enforcement of the strictest pasture management techniques in an attempt
to control all free-living GIN, eradication of free-living larvae on pasture is unlikely (Sutherland
and Scott, 2010). The pathogenicity of certain species makes control through management
difficult. For example as mentioned previously, O. ostertagi can undergo hypobiosis (Craig,
1988). This arrested development grants the parasite the ability to avoid expending energy
producing eggs under unfavorable weather conditions such as cold and drought. This specific
parasite can stay in this state of arrested development for long periods of time, resulting in
increased survival rate and pathogenicity of the O. ostertagi species (Stromberg and Gasbarre,
2006).
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1.6.2 Strategic Use of Anthelmintics
Internal parasite control programs should include the integration of management and
timely use of anthelmintics. Looking into the future the need for strategic anthelmintic usage will
become essential (Waller, 2006). The idea behind ‘strategic’ use of anthelmintics is the
responsible and proper use of current drug classes in effort to protect their effectiveness as an
anti-parasitic. This includes constructing a program based on the parasites of interest in the
appropriate climate and once a program is developed, ensuring that it is implemented
appropriately, including proper administration of an appropriate treatment dosage. An older
review suggested that the majority of eggs are shed by the younger animals, and therefore they
should be a focus of anti-parasitic treatment (Craig, 1988). However, clinical cases in calves and
yearlings tend to be sporadic in northern regions (Type I Ostertagiasis, Sutherland and Scott,
2010)
There is also benefit to administering anthelmintics to cows in a cow-calf herd. If not
controlled, cows act as reservoirs for parasites that shed infectious eggs (Craig, 1988). This
results in increased pasture/environmental contamination, passing the egg burden in cows onto
newborn calves. Though young animals are known to shed the majority of the GIN eggs (Craig,
1988), studies suggest the importance of involving the cows in an anti-parasitic control program
(Stromberg and Vatthauer, 1997).
The success of the program in controlling GIN parasitism depends on when a drug is
administered in the grazing season. Integrating treatment with the lifecycle of the parasite
suggests that cows should be administered anthelmintics in the spring and calves in mid-summer.
In a typical Ontario cow-calf production system this is not regarded as practical. Most herds are
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small and most producers hold jobs off the farm. During the summer months, most herds are
housed on pasture without access to handling facilities required to administer anthelmintics
efficiently. In the majority of the cases, the infrastructure and labour is not available to producers
to execute such a recommendation. In addition to this, increasing frequency of treatment is a
known risk factor for AR. It is important to keep a proportion of the parasite population (freeliving and parasitic) untreated, also known as refugia, so that development of resistance is
slowed. This concept is commonly utilized in small ruminant production as a tool against the
development of AR (Falzon et al., 2014). The concept is to maintain a proportion of susceptible
parasites in the populations that have not been exposed to anthelmintic treatment, to contaminate
the pastures. These parasites carry susceptible genes, diluting any resistant parasites that are
present.
In summary, there are many factors to consider when developing a viable GIN control
program for a cow-calf herd in Canada. Many programs rely extensively ‘on knowledge of the
relationship between the parasites and their host’ (Stromberg and Gasbarre, 2006). Program
success relies on how one uses this information to control and limit burden development on
pasture and in the animals, well accounting for environmental conditions.
There has been little to no work done to demonstrate the effectiveness of ivermectin and
fenbendazole in controlling subclinical GIN parasitism in an Ontario cow-calf grazing system.
With management differences between producers and variation amongst geographical regions,
there are benefits to comparing anthelmintics within one herd to decrease the effect of factors
such as climate and pasture quality. This information could help to define the ‘critical points’ for
treatment in the parasite lifecycle and the effectiveness of the different anthelmintic treatment
options (Stromberg and Gasbarre, 2006).
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The development of anthelmintic resistance to current anthelmintic groups would be a
challenge in cattle production. A proactive approach to developing a sustainable, effective
parasite control program is therefore recommended for beef operations. By monitoring and
ensuring appropriate health and welfare of the herd there is likely an economic benefit as a
result.
1.7 Conclusions
There has been little research to support the biological, and therefore economical, need
for a new compound to treat gastrointestinal nematodes of cattle (Besier, 2007) in southern
Ontario at this time. For this reason it is critical to monitor anthelmintic efficacy (Coles, 2002)
and maximize the effectiveness of internal parasite programs through management practices and
strategic anthelmintic usage. We can conclude that there is production and economic benefit of
including anthelmintics in cow-calf operation. However, little work has been done in southern
Ontario to show this.
Little research has been done looking at the epidemiology of gastrointestinal parasites in
cow-calf herds in temperate zones of North America. With the strong impact climate has on the
parasites’ lifecycle and the lack of studies that have been conducted in Ontario, there is a need
for future research in this area. Ontario beef producers (including both cow-calf and stockers)
would benefit from a study that looks at the epidemiology of GIN in a more ‘local’ climate.
Furthermore, there is need to evaluate the efficacy of the two common anthelmintics,
ivermectin and fenbendazole. Minimal studies have been done to determine resistance to
ivermectin and fenbendazole in gastrointestinal nematodes in cattle. Continuous research to

35

determine and compare the effectiveness of these two anthelmintic drug classes would be of
benefit to producers and the industry as a whole.

1.8 Thesis Objectives
1. Examine epidemiological features of GIN in Ontario cow-calf herds under intensive
grazing conditions to determine the most appropriate time to apply anthelmintics for the
purpose of treating gastrointestinal nematode parasitism.
2. Determine the efficacy of two common anthelmintics prophylactically used in cattle
production (ivermectin and fenbendazole) in a southern Ontario cow-calf herd and their
effects on health and production.

36

CHAPTER TWO
A DESCRIPTIVE EPIDEMIOLOGICAL STUDY OF GASTROINTESTINAL NEMATODE
INFECTIONS IN A NATURALLY INFECTED GRAZING BEEF COW-CALF HERD IN
SOUTHERN ONTARIO OVER TWO PASTURE SEASONS
2.1 Abstract
The epidemiology of gastrointestinal nematodes (GIN) was studied in a spring calving cow-calf
herd in southern Ontario, Canada. Little work has been done in Ontario to determine the
prevalence of GIN in cow-calf herds. A cohort trial was conducted during the summers of 2014
and 2015. Pregnant crossbred primiparous and multiparous beef cows (n=48) were randomly
assigned to one of six rotationally grazed fields each year, by calving date and parity. The cowcalf pairs grazed for an average of 155 and 140 days in 2014 and 2015, respectively starting in
May. Feces were collected and weight and body condition score (cows) recorded at
approximately 28 d intervals throughout the grazing period. Fecal egg counts (FEC) were
performed using the Wisconsin method. No clinical signs of GIN parasitism were observed in
these naturally infected animals either year. Cow FEC stayed relatively low throughout both
pasture seasons (mean 8 + 20.02 epg, n =301). The sample number (a proxy for days on pasture
(DOP)) had a significant effect on cow epg (P < 0.0001) and calf epg (P < 0.0001). Cow and calf
FEC peaked at the fourth sample (collected between July 8 and August 6) after 55 to 72 DOP; 4
epg (95% CI 2.57, 6.32) and 24 epg (95% CI 15.82, 37.19) for cows and calves, respectively.
Mean calf FEC did not have a significant effect on calf weaning weight (P = 0.9).
2.2 Introduction
Gastrointestinal nematodes are one of the most important classes of internal parasites to
the beef industry in terms of negative biological and economical effect (Ward et al., 1991;
Corwin, 1997; Stromberg and Gasbarre, 2006). Many studies have been conducted looking at the
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epidemiology of nematodes with the aim to improve GIN parasite control in cattle, including
pasture management techniques, timing of turnout, and timing of anthelmintic use (Nansen and
Jørgensen, 1987; Wohlgemuth et al., 1990). It is known that the epidemiology of GIN varies
with geographic location (Craig, 1988). Understanding the epidemiology of GIN in a specific
region is critical in developing an efficient and effective control program (Waller, 2006). There
is little known about the epidemiology of GIN in naturally infected cow-calf herds in temperate
continental climates, such as southern Ontario. Thus, further studies are needed to develop a
model of GIN transmission in cow-calf systems in this region. This would provide information
that can be used to develop strategic nematode control strategies for cows and calves. The
objective of this study was to describe epidemiological features of GIN in a naturally infected
spring calving grazing herd in southern Ontario.
2.3 Materials and Methods
2.3.1 Study Site and Animals
This study was conducted at the Elora Beef Research Centre in Central Wellington,
Ontario. At this facility cross-bred cows were overwintered in straw bedded group housing.
Cows had outdoor access on a concrete pad, water ad libitum and a total mixed ration formulated
to meet National Research Council nutrient requirements for beef cows (NRC, 2000). Previous
anthelmintic use on this herd consisted of ivermectin pour-on once for calves at weaning that
coincides with housing in the fall. During the grazing season, cow-calf pairs were rotationally
grazed. While on pasture, animals had free access to water and a mineral supplement, including
salt. Breeding was done using artificial insemination with teaser bulls used to detect estrous on
pasture. All animals enrolled in this trial were cared for meeting the guidelines laid out by the
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Canadian Council on Animal Care and approved by the University of Guelph Animal Care
Committee (AUP #2678).
2.3.2 Pasture History
Animals in this trial were housed on one of six identical fields that have been dedicated to
pasture and cattle grazing since 1985, reseeding done since then. Each field was approximately
1.62 ha (four acres) and was subdivided into eight paddocks using electric fencing. The pasture
was composed of a mixture of common pasture legumes and grasses. A stocking density of four
cow-calf pairs per field was used (0.41 ha per cow-calf pair rotationally grazed). Animals were
moved to a new paddock every two to eleven days, depending on pasture conditions and grazing
availability. Animal contact between fields was limited due to the pattern of rotation of animals
from paddock-to-paddock and the presence of alleyways between fields.
2.3.3 Study Design
The trial ran from May 21 to October 29, 2014 and May 13 to October 13, 2015. This
study was part of a larger trial being conducted on anthelmintic use in cow-calf production.
Animals were randomly allocated to one of two anthelmintic treatments (fenbendazole or
ivermectin) or no treatment (negative control) and groups of four animals were randomly
assigned to a pasture field, as described further in Chapter 3. Cows were eligible for inclusion in
the trial if they gave birth to a single, healthy calf, did not have any difficulty calving and did not
experience disease (metritis, mastitis, pneumonia) around the time of calving. Animals that had
tiwns or were the recipient of a cross-fostered calf were not eligible for the trial. Cows with past
behavioural issues were also excluded as a safety precaution due to the frequent handling
required. Cows from 2014 were re-enrolled the following year, provided they still met the
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treatment criteria. Primiparous animals (11) were used to replace cows that were culled or did
not calve within the calving window for the second year of the trial. This chapter will examine
infection status of the negative control groups from the larger study (n=48, 12 field replicates)
(Table 2.1 and Table 2.2).
Cows and calves were weighed (scale accurate to two kg) and the body condition scores
(BCS on scale of one to five) of multiparous and primiparous animals were recorded at turnout
and throughout the pasture season. Technicians took BCS and were blinded to treatments. In the
first year of the study, all animals were sampled at turnout (day 0), day 41-44 and every 28 d
thereafter. The large gap between the first and second sampling times was due to unanticipated
complications with the weigh scale. During the second year of the study, animals were sampled
at day 0, day 14, day 28, and every 28 d afterwards. All animals were sampled a final time before
removal from pasture in October. The cattle were on pasture for a mean average of 154.5 (153156) and 140 (138-142) days for the 2014 and 2015 pasture seasons, respectively.
2.3.4 Sample Collection and Laboratory Analysis
A separate plastic sleeve was used per rectum to collect a fecal sample from each cow
and calf. Sample collection was done between 1000 and 1300 h. Each fecal sample collected was
placed directly into a separate 120 mm sterile specimen container. The containers were labeled
with each individual animal tag number and placed in a cooler with ice packs directly after
collection and transferred to a refrigerator (4°C) within three hours of collection. The samples
were processed within seven days of collection. Fecal egg counts (FEC) were performed using
the Modified Wisconsin Flotation Technique following the Animal Health Laboratory,
University of Guelph protocol. Three to five grams of feces were used depending on quantity
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availability. Specific gravity of the sucrose solution used was between 1.30-1.33 units. A double
centrifuge method was used for egg recovery (1000 rpm for 5 min each time). Since a recovery
rate of 62.5% is expected for this technique (Egwang and Slocombe, 1982), a correction factor of
1.6 was used to compensate for egg loss during the process. Slides were examined under 10x
magnification and all nematode (family Trichostrongylidae) eggs were counted. Nematode eggs
found were presumed to be those of Cooperia, Ostertagia, Trichostrongylus, Haemonchus, and
Oesophagostomum genera. The minimum detection limit for the Wisconsin method is one to two
eggs per gram of feces (Animal Health Laboratory, University of Guelph).
2.3.5 Meteorological Data
The majority of climatic data was obtained from the Agricultural and Forest
Meteorology Group - Elora Research Station/Guelph Turfgrass Institute, School of
Environmental Sciences, Ontario Agricultural College, University of Guelph3. Due to absence of
data from the Agricultural and Forest Meteorology Group from 2015 July 1 to Dec. 31, data were
sourced from Environment Canada. Total rainfall in millimeters, the mean average relative
humidity (-0600LST (%)) and the mean average temperature (ºC) were calculated for each
month. These data were compared to the 30-year average (1981-2010) for Waterloo-Wellington
A, Ontario, from Canadian Climate Normals station data.
2.3.6 Data Analysis
All statistical analyses were performed using SAS (Version 9.4, SAS Institute Inc., Cary,
NC, USA). Raw data from each year were entered manually into separate Excel4 spreadsheets
and the data were checked for errors. The two sets of data were merged and imported into SAS.
3

Results or views expressed in this paper are not those of the Agriculture and Forest Meteorology Group,
University of Guelph
4
Microsoft Office Excel©, 2013
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Summary and descriptive statistics were performed to provide an initial overview of the data. A
significance level of alpha ≤ 0.05 was set.
The number of days the animals were on pasture equalled the difference between the date
of the observation and the date the animal was placed on pasture. The two variables cow age and
sex of calf were dichotomized into multiparous and primiparous and male and female,
respectively. The natural logarithm of cow and calf FEC was applied with a bias correction term
(bct) of 0.25 (ln (FEC+0.25)) due to FEC of zero in the data set. This logarithm transformation
was performed to improve the normality of the FEC data. Mean and standard deviation of calf
and cow FEC were calculated. Sampling times were categorized into seven sampling numbers,
as animals were repeatedly sampled six and seven times throughout the 2014 and 2015 pasture
seasons (Table 2.3). Trial animals in 2014 were not sampled at sample number two (day 14).
Sampling at day 14 only occurred the second year of the trial as part of a fecal egg count
reduction test (FECRT). Due to differences in turnout times amongst years there was overlap in
date ranges (i.e. DOP were not equivalent in the calendar). A dummy variable for early and late
turnout, was also created to test for difference in turnout time within 2015. Half of the animals in
2015 were turned out May 13-15 and were categorized as early turnout. The second half was
turned out two weeks later (i.e. late turnout). Time of turnout did not have a significant effect on
the outcomes of interest (e.g. LCAFEC, LCOFEC, P > 0.05).
Collinearity between predictor variables (Pearson correlation coefficient > 0.8) was
assessed by testing pair-wise correlations, using PROC CORR. Age of calf at sampling, DOP,
and sample number (a proxy for DOP) had significant Pearson pairwise correlation coefficients.
Age of calf at sampling and DOP were therefore not included in the models.
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The outcomes of interest were the natural logarithm of calf FEC (LCAFEC), natural
logarithm of cow FEC (LCOFEC), and unadjusted calf weaning weight (WW: the last calf
weight collected in the fall). Causal diagrams were constructed and assessed for all models,
looking for possible confounders and intervening variables. For the first model examining
LCAFEC, the following variables were included in the initial multivariable model: year, sample
number, sex, dam parity, calf average daily gain, turnout and repeated measures: LCOFEC, calf
weight and cow weight. The LCOFEC model included year, sample number, parity, turnout and
the repeated measure cow weight. The third model examined unadjusted calf WW, a single
measurement, as the outcome of interest. The mean and standard deviation of the natural
logarithm of FEC for each cow and calf were calculated and included as explanatory variables,
as the outcome was measured once so explanatory variables could not be repeated
measurements. The initial model included year, sex, parity, birth weight, age of calf, mean
LCAFEC and standard deviation (SD), mean LCOFEC and SD, and cow weight at weaning.
PROC MIXED was used to construct three mixed models manually, using backwards
stepwise elimination. The best fitting models were determined by fitting statistics to the least
Akaike’s Information Criterion (AIC).
For the LCAFEC model, since initial calf egg counts were all zero, they were removed
from the model as by definition the analysis of variance assumption could not be met (ANOVA
assumption). Since multiple observations were collected form the same animals over the pasture
seasons REPEATED statements were investigated in the first two FEC models. This was to
account for within calf/cow and field auto-correlation. All possible error structures were
investigated (AR, ARH, TOEP, TOEP (2-6), TOPEH, TOPEH (2-6), UN, and UN (2-6)
(SAS/STAT(R) 9.2 User’s Guide, Second Edition)). There was less within calf correlation than
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expected (i.e. correlations between the repeated measures of an individual animals) so the
REPEATED statement was not used in the LCAFEC model. Instead, a statement was included to
allow for variation in time among sample numbers. This made the most improvement to the
model (lowest AIC). In the LCOFEC model, a REPEATED statement was included with the
autoregressive (AR) error structure. A RANDOM statement was included in all three models to
account for clustering within fields.
Residual analysis was completed for both models. Residuals were plotted against the
predicted outcomes and explanatory variability, to look for homoscedasticity, non-linearity, and
outliers. Histograms of residuals and normal probability plots, as well as four tests offered by
SAS 9.4 (Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von Mises and Anderson-Darling) were
used to assess normality.
All possible two-way interactions and quadratic terms (continuous variables) were
included in the models. A liberal p-value of P ≥ 0.2 was used to determine which terms were
removed from the model. Different error structures were tested to look for possible improvement
in the model (lowest AIC) and variables with P > 0.05 were removed. All main effects and
interactions of interest that were not significant (i.e. P > 0.05) at the beginning, were placed back
in the model at the end to check for a change in significance.
Outliers or influential points were compared to the original data collection records to
explain behaviour. In the case of entry errors corrections were made (e.g. computer entry errors).
The models were repeated with the influential observations removed and differences in
coefficients were noted. The models were also checked for confounders. Variables were removed
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and changes in the coefficients of > 20% and changes to p-values, suggested removal of the
variable. No influential points, outliers or confounders were removed from any of the models.
2.4 Results
2.4.1 Meteorological Data
There were only minor differences between 2014 monthly average temperatures, relative
humidity and total precipitation and the 30-year averages for this region. Throughout 2014 the
average relative humidity was slightly below the 30-year average for this region, the recorded
precipitation was less than the 30-year average for August and more than average in July and
September.
The average temperature in the month of February, 2015 was below average. The
monthly mean relative humidity in 2015 was lower than the thirty-year average, dropping below
70% the month of May. Total monthly precipitation was slightly below average in 2015, apart
from the month of June when the area received substantially more rain than the 30-year average.
2.4.2 Fecal Egg Counts
Over the two pasture seasons, there were a total of 268 FEC observations for calves, 44
out of 312 total animal observations (14%) were missing FEC. For cows, 11 FEC out of 312 total
animal observations (3.5%) were missed. The majority of these missing FEC were a result of
feces collection (i.e. no fecal matter present in the rectum at time of sampling).
Fecal samples in calves ranged from 0 to 817 epg with an arithmetic mean of 42 + 86.20
epg (Figure 2.1). There was a large amount of variation in egg counts between individual calves
and cows in the herd. This over-dispersion is typical of GIN in a grazing herd (Stromberg and
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Gasbarre, 2006). A total of 24% (65/268) of fecal samples collected from calves had zero or
undetectable levels of GIN eggs.
At turnout, Strongyloides eggs were found in 10/19 and 9/20 calves from which a fecal
sample could be collected in 2014 and 2015, respectively. The mean Strongyloides epg in 2014
was 67 + 170.64 epg and 24 + 51.55 epg in 2015 (total mean 44 + 123.36 epg). Strongyoides egg
counts declined to zero by September 1 in both years. This is typical of Strongyloides spp. in
grazing calves (Slocombe and Curtis, 1989; Ranjan et al., 1992). There is no research suggesting
that these genera at the levels seen, have a major impact on the production or health of calves.
In cows, the mean FEC was 8 + 20.02 epg, ranging from 0 to 191 over both years Egg
counts in cows stayed relatively low and steady throughout both pasture seasons (Figure 2.2). A
slight peak in epg was seen after 55 to 72 DOP (July 8 to August 6) both years, but was more
dramatic in 2015. The large standard deviation suggests that, on average, the FEC of individual
cows were far from the mean, thus inflating the mean at this point in time. In the final LCOFEC
model, time and cow weight had a significant effect (P < 0.0001; Table 2.4).
2.4.3 Final Calf Fecal Egg Count Model
The final model for the LCAFEC only included the variable ‘sample number’ (P <
0.0001). None of the other explanatory variables, interactions, or quadratics, which were initially
included in the multivariable model were significant. Egg counts were zero for all calves at
turnout; this was likely a result of absence of prior exposure to the parasite. These initial samples
were removed from the model, as mentioned previously, as they did not meet ANOVA
assumptions.
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Covariance parameter estimates for LCAFEC showed little variation at the second
sampling conducted between May 27 and June 11 (13-15 DOP). The majority of the variation
was seen in samples taken between June 10 and July 9 (27-44 DOP). At this time mean egg
counts increased dramatically. Calf egg counts peaked at the fourth sample collection, between
July 8 and August 6 (55-72 DOP). The LCAFEC model showed that the estimates during the
fourth sample number were not statistical different from the fifth, sixth, or final sample
collection (P < 0.05, Figure 2.3 and Table 2.5). The estimated FEC for calves at the peak of egg
production between July 8 and August 6 was 24 epg (95% CI 15.82, 37.2). Cow egg counts also
peaked slightly after 55 to 72 DOP. Though not statistically significant, FEC of cows and calves
were visually trending downwards after this peak.
2.4.4 Final Weaning Weight Model
The initial weights at the beginning of the pasture seasons were 86 ± 15.81 kg and 72 ±
17.65 kg for 2014 and 2015, respectively (n=48). Birth weights were not statistically different
between pasture years (40 + 1.03 kg in 2014 and 38 + 0.78 kg in 2015; P = 0.15). At the end of
the grazing season, the calves averaged an unadjusted WW of 272 ± 40.05 kg for 2014 and 244 ±
39.44 kg for 2015, which were significantly different (P = 0.021). Mean LCAFEC did not have a
significant effect on WW of calves (P = 0.90). Significant fixed effects in the model included
birth weight (P = 0.005) and cow weight (P < 0.0001). As birth weight of a calf increased by one
kg the expected WW increases 3.14 kg (95% CI 1.14, 5.15). In addition, an increased dam
weight by one kg resulted in a slight increase in WW of 0.23 kg (95% CI 0.15, 0.32).

47

2.5 Discussion
It is important to recognise that this trial was conducted on a rotational grazing system.
Some studies have shown increased parasitism with intensive rotational grazing of cattle. The
literature suggests that GIN infections tend to be higher under rotational grazing due to increased
stocking densities, requiring the animals to graze closer to fecal pats. (Stromberg and Gasbarre,
2006) The pasture canopy in these systems also tend to be more favourable to GIN survival
compared to that of an extensively grazed pasture. This is a result of higher moisture and a lower
temperature at ground level (Armour, 1980). However, there is also work that shows no
difference in parasitism or weight gains between rotational and continuous grazing (Bransby,
1993).
The epidemiological pattern seen is relatively typical of GIN infections in cows and
calves. In the spring, there is resumption of development of larvae observed amongst the cows
(Ranjan et al., 1992). With this resumption, calves become infected and start expelling GIN eggs
in the feces after only 13-15 DOP. There is a rise in egg counts in the spring and into the
summer. In northern temperate regions, such as Ontario, there are four fairly well defined
seasons. During the winter housing period there is a break in the cycle as there is no transmission
of GIN infections occurring (Gibbs, 1988). For this reason, it is typical to see egg counts drop
later in the fall as larvae enter into a state of hypobiosis. Into the months of September and
October the typical start of autumn arrest in development was seen in cow FEC. Calf FEC were
not statistically lower during these months. Some work in Quebec on spring born calves, has
shown egg counts peak later into the fall and then drop off (Ranjan et al., 1992). Similar work
shows a constant increase calf FEC in the autumn in North and South America following
weaning (Entrocasso, 1988; Slocombe and Curtis, 1989; Snyder, 1993). If the trial was to be
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continued into the winter months, one would expect to see calf FEC decrease as the cow FEC
drops. Time was a limitation of this study; in future studies cattle could be followed into the
housing period. By incorporating tracer calves in these trials GIN burden levels could be
measured. This would provide specific genera information and counts of larvae and adult GIN in
the animals. Epidemiological studies with tracer animals show a constant increase in GIN
burdens throughout the pasture season and into the fall, even though FEC decline (Gibbs, 1988).
Another limitation of this study was that the composition of GIN genera that made up the
FEC was unknown. This information is important as prepatent periods and pathogenicity vary
between genera and species. Prepatent periods can range anywhere from two to six weeks
(Sutherland and Scott, 2010). There is limited genera/species specific research conducted but for
O. ostertagi peak egg production is seen on average 15 d (11-19 d) after the adults start
producing eggs (Stromberg and Gasbarre, 2006). Peak egg production was seen in calves
between 55 to 72 DOP in this study. Therefore, the majority of adult GIN would have started
producing eggs after 40 to 57 DOP. Based on these data and the fact that anthelmintics target L4
and adult GIN, the best time to apply an anthelmintic to kill as many adults as possible should be
between 40 to 57 DOP (late June, early July).
Little work has been done on strategic use of anthelmintics on cow-calf herds in Canada.
Studies have been done in the southern and mid-west U.S. showing decreased FEC and improved
calf performance with strategic use of anthelmintics later in the grazing season; treating 90 d
before weaning (Hersom et al., 2011) and treating mid-summer (Myers, 1988; Stromberg and
Vatthauer, 1997). Applying an anthelmintic after cattle have spent 40 to 57 DOP presents a
challenge for many cattle producers. Few cow-calf producers in southern Ontario have the labour
or infrastructure to complete such a recommendation during the grazing period. The majority of
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producers refrain from handling animals post spring turnout, as many operations are unable to
manage the logistics of bringing animals in from pasture and handling cattle as individuals.
In 2015, the peak in FEC after 55 to 72 DOP was seen more dramatically in cow FEC
(Figure 2.2). This peak in July could be partly due to the above average rainfall the area received
during the month of June in the second year. High moisture levels are ideal for larvae
transmission (Beck et al., 2015).
The natural logarithm of calf FEC did not have a significant effect on unadjusted WW in
this study. The majority of the literature suggest that increases in egg counts result in a drop in
calf performance seen as decreased average daily gain, weight gain, and/or WW (Stromberg and
Gasbarre, 2006; Sutherland and Scott, 2010; Walker et al., 2013). It is possible that this study
lacked a sufficiently large sample size to detect a correlation between LCAFEC and growth
performance. It is also possible that the level of GIN parasitism found in the calves was not high
enough to hinder the performance of the animals. Since there was no impact of FEC on animal
performance it is possible that these cattle do not require treatment. It has been suggested that
grazing calves might not require anthelmintic treatment while they are nursing (Gasbarre, 2014).
2.6 Conclusions
Natural logarithm of calf FEC did not have a significant effect on unadjusted WW of the
spring born nursing calves. The epidemiological pattern of calf FEC in this study suggests the
most appropriate time to treat calves in southern Ontario, for subclinical GIN parasitism is
between 40 to 57 d on pasture, during the lateral part of June and early July, for calves turned out
in May. It can be assumed that at this point the majority of adult GIN in the hosts are just starting
to produce eggs that are expelled in the feces.
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No animals in the trial had clinical signs of parasitism (e.g. diarrhea, weight loss, bottle
jaw). There has been minimal work done to correlate GIN epg and severity of infection in cows
or calves. In addition, reliable thresholds have not been established to determine at what FEC
cow or calves should be treated for internal parasitism. This is a clear gap in the literature. More
work is needed to establish an acceptable range for FEC in cows and calves in cow-calf herds
pastured in Ontario.

51

Table 2.1 Number of naturally infected animals included in epidemiological study looking at
GIN FEC in an Ontario cow-calf herd.
Animal Description

2014

2015

Total

24

24*

48

Primiparous

5

11

16

Multiparous

19

13

32

24

24

48

Number of cows

Number of calves

*13 cows from that were enrolled in 2014 trial were enrolled once again in 2015
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Table 2.2 Baseline data of naturally GIN infected cows and calves included in trial looking at
GIN infections in spring born calves and cows pastured in Ontario. Arithmetic means and
standard deviations (SD) of initial entry weight, FEC, and BCS for 2014 and 2015.
N*

Weight

FEC

BCS

Cows

48

635.04 +90.55

8.05 +13.07

3.5 +0.23

Calves

48

79.10 +17.79

0 +0

-

*Number of animals enrolled in trial

53

Table 2.3 Categorization of repeated measurements, by date and number of days that cow-calf
pairs were on pasture, to create the time variable ‘sample number’ - for both 2014 and 2015
pasture seasons.
Sample

Days on

number

pasture range

Date range

Median days

Difference

on pasture

(d)

1

1

May 13

May 29

1

2*

13-15

May 27

June 11

14

14

3

27-44

June 10

July 9

35.5

21.5

4

55-72

July 8

August 6

63.5

28

5

83-100

August 5

September 3

91.5

28

6

110-128

September 1

October 1

119

27.5

7

140-156

October 1

October 29

148

29

*Observations for sample number 2 were collected only in 2015 as part of a fecal egg count
reduction test (FECRT).
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Table 2.4 Fixed effect estimates (+SE) for the final mixed linear model for log-transformed cow
fecal egg count (LCOFEC) as the outcome variable. Natural logarithm transformation was
performed on cow FEC, including bias correction term of 0.25.
Estimate of

+ Standard Error

P-value

LCOFEC
Effects
Intercept

5.54

0.76

0.0007

Sample number 1

1.32

0.33

<0.0001

Sample number 2

0.21

0.39

0.59

Sample number 3

0.84

0.32

0.0095

Sample number 4

1.70

0.32

<0.0001

Sample number 5

1.43

0.32

<0.0001

Sample number 6

0.61

0.28

0.027

Sample number 7

0

.

.

-0.0074

0.0011

Cow weight

<0.0001
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Table 2.5 Sample number contrasts for final mixed linear model of the natural logarithm of calf
fecal egg count with bias correction term of 0.25 (LCAFEC) as the outcome variable. P-values
suggesting LCAFEC estimates between two sample numbers to be significantly different or not.
Sample Number Contrasts

P-value

2

3

<.0001

2

4

<.0001

2

5

<.0001

2

6

<.0001

2

7

<.0001

3

4

0.0005

3

5

<.0001

3

6

0.026

3

7

0.012

4

5

0.19*

4

6

0.069*

4

7

0.26*

5

6

0.0029

5

7

0.031

6
7
0.61*
*LCAFEC estimates at these two sample numbers not statistically different (i.e. P > 0.05)
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Figure 2.1 Raw arithmetic means and standard deviations of calf fecal GIN egg counts (FEC)
expressed as eggs per gram, in naturally infected calves grazed in southern Ontario; 126 and 142
fecal observations total in 2014 and 2015, respectively.
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Figure 2.2 Raw arithmetic means and standard deviations of cow GIN fecal egg counts (FEC)
expressed as eggs per gram, in naturally infected cows grazed in southern Ontario; 139 and 162
fecal observations total in 2014 and 2015, respectively.
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Figure 2.3 Gastrointestinal nematode fecal egg counts (FEC) expressed as eggs per gram, in
naturally infected calves grazed in southern Ontario – total of 268 fecal samples collected from
calves grazing 12 fields, over two consecutive years (2014, 2015)

Calf FEC over time
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35.5
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*FEC estimates at these time points are not statistically different from each other (i.e. P > 0.05)
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CHAPTER THREE
THE EFFICACY OF FENBENDAZOLE AND IVERMECTIN IN TREATING
GASTROINTESTINAL NEMATODE INFECTIONS IN AN ONTARIO COW-CALF HERD
3.1 Abstract
A randomized clinical trial was conducted in southern Ontario to compare growth and
performance of calves and health characteristics of cows and calves treated a single time with
fenbendazole (administered orally at 5 mg kg-1), pour-on ivermectin (administered at 0.5 mg kg1

) or no treatment (negative control) against gastrointestinal nematode (GIN) subclinical

infections in a naturally infected cow-calf herd. Sixty-four pregnant crossbred primi- and
multiparous cows and their calves that met inclusion criteria were enrolled each year of this twoyear trial. The mean weight of the calves starting the trial were 80 ± 20.08 kg and 70 ± 23.89 kg
in the spring of 2014 and 2015, respectively.
The first year, primi- and multiparous cows were separately randomly assigned to one of
three treatment groups, by calving date: fenbendazole, ivermectin and a negative control group.
All animals were then grouped by treatment and randomly assigned a field group of four cowcalf pairs. The subdivided field groups were then randomly assigned a rotationally grazed field at
the Elora Beef Research Centre, made up of eight paddocks. If eligible the second year (2015)
cows were assigned the same treatment group and field. Primiparous cows were used as
replacements, for those that were not re-enrolled, and were randomly assigned a treatment and
field by calving date.
On day-one the assigned treatments were administered to enrolled cows and calves.
Weights, body condition scores (cows), and fecal samples were collected at enrolment and
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approximately 28 d intervals throughout the pasture seasons. Fecal egg counts were conducted
using the Modified Wisconsin Flotation Technique.
No clinical cases of GIN parasitism were observed in any of the animals enrolled in the
trial. Treatment and sample number were involved in a significant interaction that had an effect
on the natural logarithm of calf FEC (LCAFEC). For all treatment groups, calf FEC peaked after
55 to 72 DOP (July 8 to August 6). Ignoring the treatment sample number interaction, treating
the calf with an anthelmintic was advantageous to not treating (P < 0.05). However, there was no
difference between treating at turnout with fenbendazole or ivermectin (P = 0.42). Treatment had
a significant effect on LCOFEC (P = 0.003). Negative control cows had 1.35 (95% CI 0.92, 1.99;
P = 0.11) and 2.14 (95% CI 1.46, 3.14; P = 0.0009) times more eggs per gram (epg) then the
fenbendazole and ivermectin treatment groups respectively. Fenbendazole treated cows had 1.58
(95% CI 1.06, 2.36; P = 0.03) time more epg then ivermectin treated cows. The cows in the
ivermectin groups had the lowest FEC. Neither mean cow FEC (P = 0.9) or treatment (P = 0.18)
had a significant effect on the pregnancy rates of the dams. Neither treatment (P = 0.2) nor
LCAFEC (P = 0.34) had an effect on the WW of calves. There were no health differences in
animals between treatment groups.
Though treatment did have a significant effect on LCOFEC, cow FEC estimates in all
groups were very low. Therefore, the biological significance of this finding is questionable.
Additional work is needed to be able to provide recommendations to producers in terms of
whether or not an anthelmintic should be used in southern Ontario and if so, what drug class of
anthelmintic and when it should be applied.
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3.2 Introduction
Anthelmintics are commonly used on beef operations for control of internal parasites.
Gastrointestinal nematodes (GIN) are one of the most important classes of internal parasites to
the beef industry in terms of negative biologic and economic impact (Ward et al., 1991; Corwin,
1997; Stromberg and Gasbarre, 2006). Currently, two anthelmintic drug classes are commonly
used to treat these infections: fenbendazole (benzimidazole) and ivermectin (macrocyclic
lactone). Signs of clinical parasitism include diarrhea, weight loss, and submandibular edema
(bottle jaw). Subclinical GIN infections are relatively common in a northern temperate region
(Stromberg et al., 2015). These infections can result in decreased weight gain, decreased carcass
quality, reduced nitrogen balance, negatively affected protein metabolism, and suppressed
immune response (Gibbs, 1993). Studies have shown that metaphylactic treatment of calves
with an anthelmintic product can help diminish some of these effects (Guichon et al., 2000;
Hersom et al., 2011). Additional studies, (Borgsteede and Burg, 1982; Reinhardt et al., 2006),
demonstrated the benefit of routinely treating calves with fenbendazole or ivermectin based
products, on improved WW. These studies were conducted in regions with different grazing
conditions and weather patterns, therefore it might not be appropriate to extrapolate the results to
an Ontario herd. To date, there has been no research comparing the efficacy of these two drug
classes in the same cow-calf herd in Ontario. This allows for a comparison between the two
anthelmintics while decreasing variation due to differences in climate, grazing management,
calving seasons, etc. The objective of this trial was to determine the effect of fenbendazole or
ivermectin treatment as compared to a negative control on GIN FEC in cows and calves and the
effect on production performance of the nursing calves.
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3.3 Methods and Materials
3.3.1 Study Site and Animals
The trial was conducted at the University of Guelph, Elora Beef Research Centre in
Centre Wellington, Ontario. At this facility, cross-bred cows are overwintered in straw bedded
group housing with outdoor access on a concrete pad. Nutrition includes water ad libitum and a
total mixed ration formulated to meet National Research Council nutrient requirements for beef
cows (NRC, 2000). Previous anthelmintic use on the farm consisted of ivermectin pour-on once
for calves at weaning that coincides with housing in the fall. During the grazing season, which
generally extends from May to October, cow-calf pairs are rotationally grazed. While on pasture,
animals had free access to water and a salt and mineral supplement. Breeding was done late June
to early August, using artificial insemination with teaser bulls used to detect estrous while on
pasture. Pregnancy was determined by rectal palpation in the autumn following each pasture
season. The care of all animals enrolled in this trial met the guidelines laid out by the Canadian
Council on Animal Care and approved by the University of Guelph Animal Care Committee
(AUP #2678).
3.3.2 Pasture History
Animals in this trial were housed on one of sixteen fields that has been dedicated pasture
since 1985 with sporadic reseeding. Each field is approximately 1.62 ha (4 acres) and was
subdivided into eight paddocks using electric fence. The pasture was composed of a mixture of
common pasture legumes and grasses. A stocking density of four cow-calf pairs per field was
used (0.41 ha per cow-calf pair rotationally grazed). Animals were moved to a new paddock
every two to eleven days, depending on pasture conditions. Animal contact between fields was
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limited due to the pattern of rotation of animals from paddock-to-paddock and alleyways
between fields.
3.3.3 Study Design
The trial ran from May 21 to October 29, 2014 and May 13 to October 13, 2015. Animals
were eligible for inclusion if they had a single, healthy calf, did not have any difficulty calving,
and did not experience disease (metritis, mastitis, or pneumonia) around the time of calving.
Animals that had twins or were the recipient of a cross-fostered calf were not eligible for
enrollment. Cows with past behavioural issues were also excluded as a safety precaution due to
the frequent handling required.
In 2014, a list of eligible animals was obtained in order of calving date, with primiparous
and multiparous animals being on separate lists. Eligible multiparous cows were randomly
selected using a random number generator and sequentially assigned to one of the three treatment
groups so that equal numbers of animals were assigned to each treatment group. Primiparous
animals were then randomly assigned to the treatment groups using the same method. In the
second year, animals that were in the trial the previous year were reassigned to the same
treatment. Primiparous animals (11, 3 and 7, in control, fenbendazole and ivermectin,
respectively) were utilized to replace animals that were culled or did not calve within the calving
window of the second year of the trial. They had not been treated with anthelmintic previously
and were randomly assigned to a treatment by calving date using a random number generator so
sequential blocks of three cows included one animal from each treatment. A total of 128 cowcalf pairs over the two grazing seasons were randomly assigned to one of three treatment groups:
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fenbendazole5, ivermectin6, or negative control. Fenbendazole was administered orally at a dose
of 5mg kg-1, ivermectin was given as a topical pour-on product over the back at a dose of 0.5mg
kg-1 and control animals received no treatment (Table 3.1 and Table 3.2). Sample size was
calculated with 95% confidence interval, 80% power, and expected weight difference between
treated and control groups of 9 +5.9 kg. In addition, clustering of four cow-calf pairs per field,
was accounted for when calculating sample size.
Once assigned to a treatment, all enrolled animals were combined into treatment groups
and randomly assigned to field groups of four cow-calf pairs, with one treatment per field. Five
fields were randomly allocated to each of the fenbendazole and ivermectin groups and six to the
negative control group in 2014 and the treatment allocated to a field remained consistent between
years. No adverse effects of treatment were seen in the study.
Cows and calves were weighed (accurate to 2 kg) and body condition scores (BCS, on
scale of one to five) of the multiparous and primiparous animals were recorded at turnout and at
sample collection times throughout the grazing season. In the first year of the study, all animals
were sampled at turnout (day 0), day 41-44 and every 28 d thereafter. The large gap between the
first and second sample number was due to unanticipated complications with the weigh scale.
During the second year of the study, animals were sampled at day 0, day 14, day 28, and every
28 d thereafter. All animals were sampled a final time before removal from pasture in October.
The cattle were on pasture for an average of 154.5 (153-156) and 140 (138-142) days for the
2014 and 2015 pasture season, respectively. The researcher who assigned treatments supervised
collection of cow and calf weights and fecal samples and assisted with FEC. Technicians blinded

5
6

Safe-Guard® Suspension 10%, Merck Animal Health, Intervet Canada Corp.
Noromectin® (ivermectin) Pour-On for cattle, Norbrook
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to treatment took all BSC measurements and assisted with collection of cow and calf weights and
fecal samples and FEC. Research station staff assisted with staff collection of cow and calf
weights and were blinded to treatment.
3.3.4 Sample Collection and Laboratory Analysis
A new plastic sleeve was used to collect fecal samples rectally from each cow and calf.
Sample collection was done between 1000 and 1300 h. The fecal samples collected were placed
directly into sterile specimen containers. The containers were placed in a cooler with ice packs
directly after collection and transferred to a refrigerator (4°C) within three hours of collection.
The samples were processed within seven days of collection. Fecal egg counts (FEC) were
performed using the Modified Wisconsin Flotation Technique following Animal Health
Laboratory, University of Guelph protocol. Five grams of feces was used in the majority of
cases, but three g could be used in cases where an insufficient quantity was collected. Specific
gravity of the sucrose solution fell between 1.30 - 1.33 units. The double centrifuge method was
used for egg recovery (1000 rpm for 5 min). Since a recovery rate of 62.5% is expected for this
technique (Egwang and Slocombe, 1982), a correction factor of 1.6 was used to correct for egg
loss. Slides were examined under 10x magnification and all nematode (family
Trichostrongylidae) eggs were counted. Eggs found were presumed to be those of Cooperia,
Ostertagia, Trichostrongylus, Haemonchus, and Oesophagostomum genera. The minimum
detection limit for the Wisconsin method is one to two eggs per gram of feces (Animal Health
Laboratory, University of Guelph).
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3.3.5 Meteorological Data
The majority of climatic data was obtained from the Agricultural and Forest Meteorology
Group - Elora Research Station/Guelph Turfgrass Institute, School of Environmental Sciences,
Ontario Agricultural College, University of Guelph7. Due to absence of data from the
Agricultural and Forest Meteorology Group from 2015 July 1 to Dec. 31, data were sourced from
Environment Canada. Total rainfall in millimeters, the mean average relative humidity (0600LST (%)) and the mean average temperature (ºC) were calculated for each month. These
data were compared to the 30-year average (1981-2010) for Waterloo-Wellington, Ontario from
Canadian Climate Normals station data.
3.3.6 Statistical Analysis
All statistical analyses were performed using SAS (Version 9.4, SAS Institute Inc., Cary,
NC, USA). Raw data from each year were entered manually into separate Excel8 spreadsheets
and the data were checked for errors. The two sets of data were merged and imported into SAS.
Summary and descriptive statistics were performed to provide an initial overview of the data. A
significance level of alpha < 0.05 was set.
Days on pasture (DOP) for a specific observation equalled the number of days elapsed
from date the animal was put to pasture and the observation date. The two variables cow age and
sex of calf were dichotomized into primi- and multiparous and male and female, respectively.
The natural logarithm of cow and calf FEC was applied with a bias correction term (bct) of 0.25,
due to FEC of zero (ln(FEC)+0.25). This logarithm transformation was performed to improve the
normality of the FEC data. Mean and standard deviation of calf and cow FEC were calculated.
7

Results or views expressed in this paper are not those of the Agriculture and Forest Meteorology Group,
University of Guelph
8
Microsoft Office Excel©, 2013
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Observation times were categorized into seven sample numbers, as animals were repeatedly
sampled six and seven times throughout the 2014 and 2015 pasture seasons (Table 3.3). Trial
animals in 2014 were not sampled at sample number 2 (after 13-15 DOP), this occurred only the
second year of the trial as part of a fecal egg count reduction test (FECRT). Due to differences in
turnout times amongst years there was overlap in date ranges (i.e. DOP were not equivalent in
the calendar). A dummy variable for early and late turnout, was also created to test for difference
in turnout time within 2015. Half of the animals in 2015 were turned out May 13-15 and were
categorized as early turnout; the second half was turned out two weeks later (late turnout). Time
of turnout did not have a significant effect on the outcomes of interest (e.g. LCAFEC, LCOFEC)
(P > 0.05).
Collinearity between predictor variables (Pearson correlation coefficient > 0.8) was
assessed by testing pair-wise correlations, using PROC CORR. Age of calf at sampling, DOP,
and sample number (a proxy DOP) had significant Pearson pairwise correlation coefficients. Age
of calf at sampling and DOP were therefore not included in the models.
The outcomes of interest were the natural logarithm of calf FEC (LCAFEC) and cow
FEC (LCOFEC), unadjusted WW and pregnancy rate in cows. Causal diagrams were constructed
and assessed for all models, looking for possible confounders and intervening variables. For the
first model looking at LCAFEC, the following variables were included in the initial multivariable
model: treatment, year, sample number, sex, parity, calf average daily gain, turnout, LCOFEC,
calf weight and cow weight. The LCOFEC model included year, treatment, sample number,
parity, turnout and cow weight in the initial multivariate model. For the final model unadjusted
calf WW was the outcome of interest. Since outcome was measured once, explanatory variables
could not be repeated measurements. The mean and SD of LCAFEC and LCOFEC were
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calculated and included, in this latter model, as explanatory variables. The initial model included
treatment, year, sample number, sex, parity, birth weight, turnout, calf age, mean and SD of
LCAFEC, mean and SD of LCOFEC, and cow weight at weaning.
PROC MIXED was used to construct three mixed models manually using backwards
stepwise elimination. The best fitting models were determined by fitting statistics to the least
Akaike’s Information Criterion (AIC).
For the LCAFEC model, since initial calf egg counts were all zero, they were removed
from the model as the analysis of variance assumption could not be met (ANOVA assumption).
Since multiple observations were collected from the same animals over the pasture season a
REPEATED statement was investigated in the first two FEC models. This was to account for
within calf/cow and field auto-correlation. All possible error structures were investigated (AR,
ARH, TOEP, TOEP (2-6), TOPEH, TOPEH (2-6), UN, and UN (2-6) (SAS/STAT(R) 9.2 User’s
Guide, Second Edition)). There was less within calf correlation (i.e. correlations between the
repeated measures of an individual animals) than expected so the REPEATED statement was not
used in the LCAFEC model. Instead, a statement was included to allow for variation in time
among sample numbers. This made the most improvement to the model (lowest AIC). In the
LCOFEC model, a REPEATED statement was included with an autoregressive (AR) error
structure. A RANDOM statement was included in all three models to account for clustering
within fields within treatments. PROC GLIMMIX was used to model pregnancy rate. The model
included treatment, year, mean and SD of LCOFEC, parity, mean BCS, mean cow weight, and a
RANDOM statement for fields within treatments.
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Residual analyses were completed for all models. Residuals were plotted against the
predicted outcomes and explanatory variability, to look for homoscedasticity, non-linearity, and
outliers. Histograms of residuals and normal probability plots, as well as four tests, offered by
SAS 9.4 (Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von Mises and Anderson-Darling) were
used to assess normality.
All possible two-way interactions and quadratic terms (continuous variables) were
included in the models. A liberal p-value of P ≥ 0.2 was used to select variables to remove from
the model. Difference error structure was tested to look for possible improvement in the model
(lowest AIC) and variables with P > 0.05 were removed. All main effects and interactions of
interest that were not significant (i.e. P > 0.05) at the beginning, were placed back in the model at
the end to check for a change in significance.
Outliers or influential points were compared to the original data collection records to
explain behaviour. In the case of entry errors, seen with descriptive statistics and residual
analysis, corrections were made. The models were repeated with the influential observations
removed and differences in coefficients were noted. The models were also checked for
confounding. Variables were removed and changes in the coefficients of > 20%, and changes to
p-value, suggested removal of the variable. No influential points, outliers or confounders were
removed from any of the models. Treatment was kept in models even when not statistically
significant, as it was the main variable of interest.
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3.4 Results
3.4.1 Meteorological Data
There were only minor differences between 2014 monthly average temperatures, relative
humidity and total precipitation and the 30-year averages for this region. Throughout 2014 the
average relative humidity was slightly below the 30-year averages for this region. The recorded
precipitation was less than the 30-year average for August and more than averages in July and
September.
In 2015 the average temperature in the month of February was below average. The
monthly mean relative humidity in 2015 was lower than the 30-year average, dropping below
70% the month of May. Total monthly precipitation was slightly below average in 2015, apart
from the month of June when the area received substantially more rain than the 30-year average.
3.4.2 Fecal Egg Counts
The FEC results ranged from 0 to 816 epg in calves (mean 21.2 +63.8 epg) and 0 to 202
epg in cows (mean 6.0 +16.9 epg). Over the two pasture seasons there were a total of 704 FEC
observations for calves, 128 out of 832 total calf observations (15.4%) were missing FEC. For
cows, 43 FEC out of 832 total cow observations (5%) were missed. The majority (93%) of these
missing FEC were a result of feces collection (i.e. no fecal matter present in the rectum at time of
collection or inadequate sample size). The other 7% (12/171) were a result of laboratory
processing errors.
The number of GIN eggs found in adult cows was often low; the percentage of cows with
egg counts above zero ranged from 70 to 85% amongst the treatment groups (85, 78, and 71%
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for control, fenbendazole and ivermectin, respectively). The average number of GIN eggs found
in the control, fenbendazole and ivermectin treatment groups over the study was: 25 + 62.55, 19
+ 58.71, and 10 + 24.06 epg. Egg counts were zero for all calves at turnout; this was likely a
result of absence of exposure to the parasite.
Strongyloides were found in 54 out of 98 (55.1%) of fecal sample collected in calves at
turnout, with a mean of 152 + 433.42 epg. Means did not different between treatments. Counts
declined over the pasture seasons and were zero in all treatment groups, both years, by October
1. This pattern is typical of Strongyloides in grazing calves (Slocombe and Curtis, 1989; Ranjan
et al., 1992). There is no research to suggest that these genera at the level seen had a major
impact on the production or health of calves.
3.4.3 Final Calf Fecal Egg Count Model
The final model for LCAFEC included treatment, sample number, and a significant
interaction between treatment and sample number (P = 0.014) (Table 3.4). The random effect of
field within treatment had a conservative p-value of P = 0.068. This, along with the range
between the lower and upper limit of 0.02 and 0.39, suggest there was variation between fields
within treatments.
Within all treatment groups LCAFEC peaked between July 8 and August 6, after 55 to 72
DOP (sample number four; Figure 3.1 and Figure 3.2). After 13 to 15 DOP (sample number 2)
egg counts rose slightly and were not significantly different between the three treatment groups.
The estimates of LCAFEC were significantly higher for negative control calves between sample
number three (June 10 to July 9; 27-44 DOP) and sample number five (August 5 to September 3;
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83-100 DOP). There was no statistically significant difference in LCAFEC between treatment
groups from September 1 (median 119 DOP) until the end of the trial (P > 0.05).
Though the interaction term treatment*sample number was significant in the LCAFEC
model, the effect of this term varied. Ignoring the treatment*sample number interaction, the main
effects can be interpreted independently (Table 3.5). There was a significant difference in
LCAFEC between calves that were not treated with an anthelmintic and those that were treated
with fenbendazole or ivermectin (P < 0.01). However, there was no significant difference
between fenbendazole and ivermectin treated calves in terms of LCAFEC (P = 0.42).
3.4.4 Final Cow Fecal Egg Count Model
Sample number had a significant effect on LCOFEC (P < 0.0001) (Table 3.6). In all three
treatment groups LCOFEC estimates were the highest in the spring at initial sampling (Figure
3.3). Egg counts dropped by 13-15 DOP and rose again to peak between July 8 and August 6
(55-72 DOP). From then on, cow FEC decreased steadily until the end of the study. Counts
stayed low in all treatment groups throughout the grazing season. Treatment also had a
significant effect on LCOFEC (P = 0.003). At the average cow weight of 646 kg, negative
control cows had 1.35 (95% CI 0.92, 1.99; P = 0.11) and 2.14 (95% CI 1.46, 3.14; P = 0.0009)
times more eggs then the fenbendazole and ivermectin treatment groups respectively.
Fenbendazole cows had 1.58 (95% CI 1.06, 2.36; P = 0.028) times more eggs then ivermectin
treated cows; resulting in cows in the ivermectin groups having the lowest FEC.
Also significant in the LCOFEC model was parity and cow weight. Primiparous cows
had FEC 1.45 times more eggs than multiparous cows (P = 0.019). In addition, a heavier cow
had a lower FEC, as cow weight increase 1 kg FEC decrease by 0.99 epg (P < 0.0001).
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3.4.5 Pregnancy Rates
Preliminary analysis showed that anthelmintic treatment did not have an effect on the
body condition score of cows. Over the two years, the pregnancy proportion from A.I. breeding
while at pasture were 72% (34/47), 87% (34/39), and 87% (34/39) for control, fenbendazole and
ivermectin treatments respectively. One cow from each treatment group was chosen not to be
bred one of the two years, for non related reason (i.e. age, behavioural issues) Pregnancy rates
for primiparous and multiparous animals were calculated separately. The rates for primiparous
animals were 56% for control, 75% for fenbendazole and 100% for ivermectin treatment. For
multiparous animals the rates were 81, 90, and 83% for control, fenbendazole and ivermectin,
respectively. Treatment did not have a significant effect on pregnancy proportion (P = 0.18). The
model predictions of pregnancy for the treatment groups were 67% (95% CI 49.14, 81.12), 84%
(95% CI 63.44, 93.84), and 85% (95% CI 65.67, 94.13) for negative control, fenbendazole and
ivermectin groups, respectively. In a model accounting for cow weight and treatment, effect of
parity was statistically significant (P = 0.038). At average cow weight of 645.39 kg, the
estimated pregnancy rate for primiparous cows was 63% (95% CI 37.77, 83.19) and for
multiparous cows was 90% (95% CI 79.75, 95).
3.4.6 Final Calf Weaning Weight Model
Arithmetic means of calf weights at turnout were 80 +17.79 kg, 70 +29.11 kg and 74
+19.75 kg for negative control, fenbendazole and ivermectin groups, respectively. Neither mean
or SD LCAFEC had a significant effect on unadjusted WW of calves (P = 0.34). Treatment also
did not have a significant effect on WW (P = 0.35). Main effects significant in the model
included parity (P = 0.0006), birth weight (P < 0.0001), and age of calf (P = 0.0003).
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Primiparous dams had calves that weighed on average 22 kg (95% CI 9.41, 33.79; P = 0.0006)
less then calves from multiparous dams at weaning. As birth weight increased by one kg, the
unadjusted WW of the calf increased by 2.45 kg (95% CI 1.38, 3.52; P < 0.0001). In addition,
the model suggests that as the age of the calf increases by one day the WW increases 0.68 kg
(95% CI 0.32, 1.05; P < 0.0001).
Though treatment was not significant in the model there was a numeric difference in WW
between groups. The treatment estimates, set to the average birth weight (38.84 kg) and average
age at weaning (181.91 d), were 249, 248, and 262 kg for negative control, fenbendazole, and
ivermectin groups, respectively. Using these estimates, average daily gains for the calves of the
three treatment groups could be calculated; 1.16, 1.15, 1.23 kg d-1 (2.54, 2.53, and 2.70 lbs d-1)
for the control, fenbendazole and ivermectin treatments, respectively.
3.5 Discussion
Typically, cow-calf producers might treat their cows with an anthelmintic in the fall to
control for internal and external parasites prior to housing. Due to trial design/constraints animals
were not treated before housing. Cows and calves were treated in the spring before turnout. The
cows were not assigned to a treatment group until trial eligibility was confirmed. In addition,
trial animals were all housed over the winter together. Treatment of cows in the fall would have
allowed for possible cross contamination of treatments between cattle (Laffont et al., 2001).
The FEC patterns seen in all treatment groups are relatively typical of GIN in this type of
climate. In the spring there is resumption of development of hypobiotic L4 larvae in cows with
peak in FEC leading up to May 13 – 29; 1 DOP. This results in additional pasture contamination,
along with over-wintered refugia. Calves become infected and start expelling GIN eggs in the
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feces as early as 13 DOP. With continuing opportunity for new infections, there is a rise in egg
counts in the spring and into the summer. In northern temperate regions there are four fairly well
defined seasons. During the winter housing period there is little to no transmission of GIN
infection occurring (Gibbs, 1988). For this reason, it is typical to see egg counts drop later in the
fall as L4 larvae enter into a state of hypobiosis.
In the months of September and October, calf FEC were not statistically lower than
during July and August. Research in Quebec has shown egg counts peak later into the fall and
then drop off in calves (Ranjan et al., 1992). Similar work shows a constant increase in calf FEC
into autumn in both North and South America following weaning (Entrocasso, 1988; Slocombe
and Curtis, 1989; Snyder, 1993). If the trial was to be continued into the winter months, one
would expect to see calf FEC decrease. Time was a limitation of this study; in future studies
cattle should be followed into the housing period
Ivermectin treated cows had statistically lower FEC than those treated with fenbendazole
or no anthelmintic. However, natural logarithm FEC estimates in the model were extremely low
in all treatment groups. In calves, though the interaction term treatment*sample number was
significant in the LCAFEC model, the effect of this term varied. There was a significant
difference between treatment groups at some sample numbers, but not others; the rank order for
mean LCAFEC varied by treatment and time (i.e. sample number). Due to the high degrees of
freedom in this model (575) and the unlikely biological significance, it is likely that this
interaction constitutes a Type I error. By ignoring the statistically significant interaction
involved, the contrast statements showed there was a significant advantage between treating
versus not treating with an anthelmintic (P = 0.009 for control vs. fenbendazole and P = 0.0019
for control vs. ivermectin) in terms of FEC. There was however, no significant difference
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between the two treatments (fenbendazole vs. ivermectin; P = 0.42).No difference between these
two drug class has been seen in previously (Miller and Morrison, 1992). Though there is a
statistically significant advantage to treating with either anthelmintic in calves, and treating with
ivermectin in cow, this does not indicate that there is a biological advantage.
No animals in the trial had clinical signs of parasitism (e.g. diarrhea, weight loss, bottle
jaw). Over both pasture seasons only low subclinical levels of GIN infection were detected.
Little work has been done to detect treatment thresholds. Egg count ranges, for interpretation
have been reported, but there is variation amongst different regions. Work is needed to help
determine what constitutes a high, medium, or low GIN infections. In addition, the nutrition and
BCS of these trial cows was higher throughout the pasture season than normally seen in an
Ontario cow-calf herd. The average BCS over both pasture seasons were 3.5 + 0.25, 4 + 0.23,
and 4 + 0.25 for negative control, fenbendazole and ivermectin, respectively. It has been
suggested that good nutrition and condition on cattle are correlated with a lower FEC (Sutherland
and Scott, 2010). It is possible that the high BCS seen in this herd had an effect on the severity of
GIN infections that were seen and additionally the cattle were able to hide any negative
implications of the mild infections.
In this study, there was a 17 to 18% difference in pregnancy rates between cows treated
and those not treated with an anthelmintic, though this difference was not significant (P = 0.18).
There have been studies done previously with similar results (Stuedemann et al., 1989; Ward et
al., 1991). In addition, primiparous cows in this study have a lower pregnancy rate than
multiparous cows; this was of no surprise. The cows in this herd were well conditioned and
artificial insemination was used for breeding. This could have varied the outcome in comparison
to a naturally bred herd with more variation in BCS. The sample size in this trial was low and
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thus may not have been large enough to detect a significant difference in pregnancy rates
between the treatment groups, even though the numeric difference in the raw pregnancy rates are
rather large.
This trial was the first to investigate efficacy and production effects of fenbendazole,
ivermectin and a negative control treatment group, in the same cow-calf herd in southern
Ontario. The study results show no difference between the two commonly used anthelmintics
fenbendazole and ivermectin. The study does suggest that there is need for additional research in
this area. One limitation of this study was the low sample size. By having more animals enrolled
this would increase power to detect smaller differences, as the population variance is quite large.
In addition, this trial was limited to one single farm. A study in North Dakota looking at the
effects of treatment with fenbendazole on calf performance, revealed significant differences in
response to treatments amongst the four herds included (Wohlgemuth et al., 1990). In order to
further extrapolate results, it would be beneficial to conduct similar trials on various farms and in
different herds across the province. This would provide a clearer picture of the prevalence of
GIN in cattle in Ontario and the effectiveness of these two anthelmintics in different
geographical regions and populations.
Another limitation of this study was that the genera of GIN that contributed to the FEC
were unknown. This information is important as prepatent periods and pathogenicity vary
between genera. In this trial it was assumed that the common GIN genera made up the infection
in this pastured cow-calf herd both years. This might not be the case. In addition, certain
anthelmintic drug classes might perform differently on various genera/species of GIN. In future
studies, it would be beneficial to perform coproculture to distinguish what nematodes are
involved. Pasture sample to distinguish larvae burdens on pasture would also be beneficial.
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The natural logarithm of calf FEC did not have a significant effect on unadjusted WW in
this study. The majority of the literature suggest that increase in egg counts result in drop in calf
performance; decreased average daily gain, weight gain, and/or WW (Stromberg and Gasbarre,
2006; Sutherland and Scott, 2010; Walker et al., 2013). It is possible that this study lacked
sufficient sample size to detect a correlation between calf FEC and growth performance. It is also
possible that the level of GIN parasitism found in the calves was not high enough to hinder the
performance of the calves while nursing. Since there was no impact of FEC on animal
performance, it is possible that these cattle do not require initial treatment. It has been suggested
that grazing calves might not require anthelmintic treatment while they are nursing (Gasbarre,
2014). Gasbarre, (2014), suggests treatment of cows one month into the grazing season and
treatment of calves at weaning. Timing of treatment should be further explored in this region.
3.6 Conclusions
This trial suggested no difference in calf FEC between treating with fenbendazole or
ivermectin prior to turnout of nursing spring born calves. Furthermore, by September 1, egg
counts were not significantly different between the calves treated with an anthelmintic and the
negative control treatment group. Treatment had a significant effect on LCOFEC with ivermectin
treated cows having the lowest egg count. However, estimates over the pasture season were
extremely low for all treatment groups. Fecal egg counts (cow and calf) did not have a
significant effect on unadjusted WW of calves and no differences in health were observed. Cattle
producers would benefit from additional studies with increased sample size in effort to generate
recommendation as to which anthelmintic should be incorporated in their production system and
at what time that anthelmintic should be administered to calves and cows. In order to do this, it
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would be beneficial to know what GIN genera are involved in the infections in the region of
interest.
Finally, future research should be targeted towards determining threshold levels where
anthelmintic treatment is necessary to control subclinical GIN infection and parasitism in cows
and calves in Ontario. Fecal egg counts are a useful tool for veterinarians and producers,
however, there is no work published to differentiate what is a low, medium, or high level GIN
infection is in this region and when anthelmintic intervention is necessary.
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Table 3.1 Number of naturally GIN infected animals included, comparing two commonly used
anthelmintics in an Ontario cow-calf herd to treated GIN infections
Animal Description

2014

2015

Total

64

64*

128

Primiparous

14

21

35

Multiparous

50

43

93

64

64

128

Number of cows

Number of calves

*43 cows from that were enrolled in 2014 trial were enrolled once again in 2015 (13, 17 and 13
in control, fenbendazole and ivermectin group respectively)
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Table 3.2 Baseline data of naturally GIN infected cows and calves included in trial looking at
effects of anthelmintic treatment on spring born calves and cows pastured in Ontario. Arithmetic
means and standard deviations (SD) of initial entry weight and FEC for 2014 and 2015.
Baseline data for cows:
Treatment

N*

Initial Weight (kg)

Initial FEC (epg)

Primiparous

Multiparous

Negative Control

16

32

635.04 +90.55

8.05 +13.07

Fenbendazole

8

32

641.40 +105.77

20.34 +42.54

Ivermectin

11

29

642.78 +70.41

6.03 +9.75

Initial Weight (kg)

Initial FEC (epg)

Baseline data for calves:
Treatment

N*
Females

Males

Negative Control

27

21

79.10 +17.79

0 +0

Fenbendazole

26

14

69.38 +29.11

0 +0

Ivermectin

17

23

74.93 +19.75

0 +0

*Number of animals enrolled in trial; total of 48, 40 and 40 cow-calf pairs in control,
fenbendazole and ivermectin treatment groups, respectively.
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Table 3.3 Categorization of repeated measurements, by date and number of days that cow-calf
pairs were on pasture, to create the time variable ‘sample number’ - for both 2014 and 2015
pasture seasons.
Sample

Days on

number

pasture range

Date range

Median days

Difference

on pasture

(days)

1

1

May 13

May 29

1

2*

13-15

May 27

June 11

14

14

3

27-44

June 10

July 9

35.5

21.5

4

55-72

July 8

August 6

63.5

28

5

83-100

August 5

September 3

91.5

28

6

110-128

September 1

October 1

119

27.5

7

140-156

October 1

October 29

148

29

*observations for sample number 2 were only collected in 2015 as part of a fecal egg count
reduction test (FECRT)
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Table 3.4 Final mixed linear model for calf fecal egg counts (FEC) as the outcome variable. A
natural logarithm transformation was performed on calf FEC (LCAFEC) with a bias correction
term of 0.25.
DF

F-value

P-value

575

506.03

<0.0001

13

8.69

0.004

575

2.25

0.014

Effects
Sample number
Treatment
Treatment*sample number
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Table 3.5 Contrast statements, with estimates and rate ratios, between three treatments groups
with calf fecal egg count (LCAFEC) as the outcome variable. Natural logarithm transformation
on calf FEC with a bias correction term of 0.25 was performed.
Estimate

P-value

LL

Rate Ratio

UL

LCAFEC
Contrast
Control vs. Fenbendazole

0.64

0.0088

1.21

1.90

2.99

Control vs. Ivermectin

0.83

0.0019

1.44

2.29

3.62

Fenbendazole vs. Ivermectin

0.18

0.42

0.74

1.20

1.94

*when interpreting contrasts with main effects, the sample number*treatment interaction
(p=0.014) is ignored
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Table 3.6 Fixed effect estimates (+SE) for the final mixed linear model for cow fecal egg counts
(FEC) as the outcome variable. A natural logarithm transformation was performed on cow FEC
(LCOFEC) with a bias correction term of 0.25.
Estimate of

+ Standard Error

P-value

LCOFEC
Effects
Intercept

3.97

0.56

<0.0001

Sample number 1

1.41

0.20

<0.0001

Sample number 2

-0.52

0.24

0.032

Sample number 3

0.45

0.20

0.026

Sample number 4

1.29

0.20

<0.0001

Sample number 5

0.96

0.19

<0.0001

Sample number 6

0.36

0.17

0.036

Sample number 7

0

.

.

Negative control

0.76

0.18

0.0009

Fenbendazole

0.46

0.19

0.028

Ivermectin

0

.

.

Primiparous

0.42

0.18

0.02

Multiparous

0

.

.

Cow weight

-0.006

0.0008

<0.0001
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Figure 3.1 Gastrointestinal nematode fecal egg counts (FEC) expressed as eggs per gram, in
naturally infected calves grazed in southern Ontario – using total of 606 fecal samples collected
from calves that grazed 32 fields, over two consecutive years (2014, 2015). Estimates by
treatment group.
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Figure 3.2: Gastrointestinal nematode fecal egg counts (FEC) expressed as eggs per gram, in
naturally infected calves grazed in southern Ontario given no treatment (a.) or treated with
fenbendazole (b. 5 mg kg-1 orally) or ivermectin (c. 0.5 mg kg-1 topically over the back). A total
of 606 fecal samples were collected from calves that grazed 32 fields, over two consecutive years
(2014, 2015). Estimates by treatment group with upper and lower limits.
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Figure 3.3 Gastrointestinal nematode fecal egg counts (FEC) expressed in eggs per gram, in
naturally infected cows grazed in southern Ontario – using total of 789 fecal samples collected
from cows that grazed 32 fields, over two consecutive years (2014, 2015). Estimates (upper and
lower limits) for multiparous cows at a mean cow weight of 645.39 kg.
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CHAPTER FOUR
COMPARISON OF DIFFERENT FECAL EGG COUNT REDUCTION CALCULATIONS
FOR DETERMINING ANTHELMINTIC RESISTANCE IN NATURALLY INFECTED BEEF
COWS IN ONTARIO
4.1 Introduction
Anthelmintic resistance is a threat to the productivity and thus profitability of all
livestock operations, including cattle (Besier, 2007). One of the most common methods for
detecting anthelmintic resistance in ruminants is the fecal egg count reduction test (FECRT).
This test involves objectively assessing the efficacy of anthelmintic treatment of animals that are
naturally infected with nematodes that shed eggs in the host’s feces. The test gives an estimate of
the efficacy of a treatment by comparing egg counts before and after treatment (Edmonds et al.,
2010). There are varying guidelines for interpreting the percentage in reduction. Using the
W.A.A.V.P guidelines for evaluating efficacy of anthelmintics in ruminants, a reduction >98% is
considered highly effective, effective (90-98%), moderately effective (80-89%) or insufficiently
active (<80%) (Wood et al.,1995). In addition, it has been suggested that if one of the following
two criteria are met then resistance is suspected; a reduction <95% and/or the 95% confidence
level is <90% (Coles et al., 1992).
The detection of AR in cattle parasite populations is more challenging than in small
ruminants. This is largely due to the fact that FEC are generally lower in cattle than in sheep or
goats, making it more difficult to detect a significant decline in a population of animals and thus
accurately calculate treatment efficacy (Sutherland and Leathwick, 2011). Studies have found
that a minimum of 10 animals need to be assessed in each treatment group, i.e. each anthelmintic
or anthelmintic dose assessed and animals should be randomly assigned to the group (Coles et
al., 1992).
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There are several formulae available to calculate FEC reduction, however there has been
no work to determine what FECRT is most appropriate to assess anthelmintic efficacy in cattle in
northern temperature regions. There is no standard FECRT for calculating anthelmintic efficacy.
This short communication is to investigate variation amongst four FECRT used to evaluate the
efficacy of fenbendazole and ivermectin in cows in a naturally infected Ontario cow-calf herd.
4.2 Materials and methods
4.2.1 Study Design
In May 2015, 64 eligible primi- and multiparous cows were, separately, randomly
assigned to a treatment group by calving date: oral fenbendazole (5 mg kg-1), topical ivermectin
(0.5 mg kg-1), or negative control. Primi- and multiparous cows were then grouped together into
treatment groups and randomly assigned to field groups of four cows and assigned a rotationally
grazed field at the Elora Beef Research Centre. Fecal samples were collected directly from the
rectum at the time of treatment administration and then again 14 d after treatment. Seven cows
failed to provide a fecal sample during at least one of the two sample collections, and were
therefore excluded for the study. With the removal of these animals, there were a total of 22, 17
and 18 cows in the control, fenbendazole, and ivermectin treatment groups, respectively.
4.2.2 Fecal Egg Counts
Fecal egg counts were conducted using the Modified Wisconsin Technique following
Animal Health Laboratory, University of Guelph protocol. Since a recovery rate of 62.5% is
expected for this technique (Egwang and Slocombe, 1982). A correction factor of 1.6 was used
to correct for egg loss. Slides were examined under 10x magnification and all nematode (family
Trichostrongylidae) eggs were counted. Counts were expressed in eggs per one gram of feces
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(epg). The minimum detection limit for the Wisconsin method is one to two eggs per gram of
feces (Animal Health Laboratory, University of Guelph).
4.2.3 Fecal Egg Count Reduction Calculations
Four different versions of the FECRT were performed on this data. A bias correction
term (BCT) of 0.1 (half the minimum detection limit) was used on all FEC of zero. A BCT was
required for computation of the mean and/or confidence intervals (CI) (L. C. Falzon et al., 2014).
The fecal egg count calculations used were as follows:

𝐹𝐸𝐶𝑅𝑇1 = 100 ∗ (1 − [

𝑇2 𝐶1
] [ ])
𝑇1 𝐶2

Where T1 and T2 were pre- and posttreatment arithmetic means of the GIN epg in treated
groups, respectively, and C1 and C2 were pre- and posttreatment arithmetic means of the eggs
per gram (epg) in the negative control cows, respectively.

𝐹𝐸𝐶𝑅𝑇2 = 100 ∗ (1 − [

𝑇2 𝐶1
] [ ])
𝑇1 𝐶2

Where T1 and T2 were pre- and posttreatment geometric means of the GIN epg in treated groups,
respectively, and C1 and C2 were pre- and posttreatment geometric means of the epg in the
negative control cows, respectively.

𝐹𝐸𝐶𝑅𝑇3 = 100 ∗ (1 − [

𝑇2
])
𝑇1

Where T1 and T2 were pre- and posttreatment arithmetic means of the GIN epg in treated
groups.
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𝐹𝐸𝐶𝑅𝑇4 = 100 ∗ (1 − [

𝑇2
])
𝐶2

Where T2 and C2 were the posttreatment arithmetic means of the GIN epg in treated and
negative control group, respectively.
The 95% CI for the calculations were calculated following methods described in a study
comparing FECR calculation methods for determining AR in sheep in Ontario (Falzon et al.,
2014).
4.3 Results
Descriptive statistics are provided in Table 5.1. The percent reduction in FEC varied
widely based on the type of calculation and the confidence intervals for all calculations were
wide (Table 5.2 and Table 5.3). The FECRT2 calculation that considered pre- and posttreatment
geometric means from treated and control cows yielded the lowest percent reduction (strongest
evidence for anthelmintic resistance) for both fenbendazole and ivermectin. The highest percent
reduction for both of the anthelmintics was the calculation that included pre- and posttreatment
arithmetic FEC mean for the treatment groups alone (FECRT3). All methods show evidence of
resistance or suspected resistance since the lower confidence intervals are all < 90%; following
the guidelines set by Coles, et al (1992).
4.4 Discussion
Based on previous research, the most accurate FECR calculations to use for our study
design would be FECRT1 or FECRT2 (Falzon et al., 2014). For fenbendazole, that would mean
the percent reduction in FEC was 91.0% (95% CI 25.8 to 95.9) or 74.1% (95% CI 67.2 to 99.2)
both of which show evidence of resistance. For ivermectin, the percent reduction in FEC was
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82.2% (95% CI 53.2 to 98.3) or 64.8 (95% CI 62.5 to 99.5) both of which, again, show evidence
of resistance. In fact, all calculation methods suggested that there is evidence of resistance or
suspected resistance to both drug classes on this farm. This is interesting as this herd had little
history of anthelmintic use (no history of fenbendazole use and treatment with ivermectin once at
removal from pasture as calves).
The sample size used was higher than generally recommended for sheep FECRT (10
animals) (Falzon et al., 2014); an ideal minimum number for cattle is not known. Calf FEC were
not used in the FECRT since all calves had counts of zero at initial sampling before treatment.
Due to the low counts in this herd, possibly due to variable moisture content of feces or day-today variation, the results of the FECRT should be interpreted cautiously (wide confidence
intervals). It is possible FECRT would be more accurate if performed at peak parasitism
especially in young stock, around mid- to late July.
Falzon et al. (2014) recommended that small ruminant clinicians utilize FECRT that
include the arithmetic means for posttreatment FEC from treated and control animals, with a
BCT added to all zeroes (FECRT4, Falzon et al., 2014). This would mean FEC reduction of
77.9% (95% CI 26.4 to 100) for fenbendazole and 88.5% (95% CI 53.0 to 100), which would
provide evidence of anthelmintic resistance to both anthelmintics. However, the common
preventative use of anthelmintics in the cattle industry in Ontario, makes it unlikely that negative
control cattle would be available to use this FECRT formula in clinical practice.
The most practical method of examining AR in cattle practice in Ontario would be to use
FECRT3. In our analysis this calculation method yielded the lowest percent reduction in the FEC
for both fenbendazole and ivermectin. It had been suggested that geometric means in FECRT
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provide biased efficacy results (Dobson et al., 2009). In their study geometric means
underestimated efficacy. Dobson et al. (2009) suggest arithmetic means are the best for
estimating anthelmintic efficacy in population with various levels of worm aggregation, as was
seen in this study. However, even using this calculation method there was evidence of AR
(ivermectin) or suspicion of AR (fenbendazole).
4.5 Conclusions
Though the percent reduction of FEC varies with FECR calculation method, the results of
all methods provide evidence of resistance or suspicion of resistance for both anthelmintics
examined. With the variations among FECRT calculations, caution needs to be exercised when
interpreting percent reductions used to define possible AR in cattle populations. Additional work
is needed to determine which FECRT calculation is most appropriate to assess anthelmintic
efficacy in cattle in northern temperature regions. Since there is no standard FECRT for
calculating anthelmintic efficacy, caution needs to be taken when interpreting anthelmintic
efficacy statements.
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Table 4.1 Descriptive statistics; arithmetic and geometric mean fecal egg counts (FEC), and
standard deviation, expressed in eggs per gram (epg), for pre- and post-treatment of cows
naturally infected with gastrointestinal nematodes in May of 2015. Bias correction term of 0.1
was added to all zero counts for computational reasons. Fecal egg counts were included in fecal
egg count reduction tests (FECRT).
Anthelmintic
Treatment

N*

Negative Control

22

Pre-treatment FEC
Arithmetic
Geometric
mean + SD
mean + SD
6.08 +12.26
1.99 +4.46

Post-treatment FEC
Arithmetic Geometric
mean + SD mean + SD
2.08 +2.76 0.80 +4.76

Fenbendazole

17

14.74 +48.38

2.09 +5.18

0.46 +0.62

0.22 +3.23

Ivermectin

18

3.94 +8.18

1.23 +4.74

0.24 +0.23

0.17 +2.14

*Number of cows in each treatment group. Animals included if a pre- and post-treatment (14 d
after treatment) sample was collected; seven cows were excluded as they did not provide the two
required fecal samples
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Table 4.2 Results of four different fecal egg count reduction tests (FECRT) to assess
anthelmintic resistance of GIN to fenbendazole in naturally infected beef cows in a southern
Ontario cow-calf herd.
Percent Reduction*

95% CI

FECRT1

91.0

25.8 to 95.9

FECRT2

74.1

67.2 to 99.2

FECRT3

96.9

67.1 to 99.0

FECRT4

77.9

26.4 to 100

*<95% reduction or lower CI <90% equals evidence of anthelmintic resistance. Note: FECRT1
and FECR2 used pre- and post-treatment fecal egg counts (FEC) from both treated and
untreated animals, but FECRT1 used arithmetic means while FECRT2 used geometric means.
FECR3 was calculated using arithmetic means from pre- and post-treatment FEC from treated
animals. FECRT4 was calculated using arithmetic means for post-treatment FECs from treated
and untreated animals.
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Table 4.3 Results of four different fecal egg count reduction tests (FECRT) to assess
anthelmintic resistance of GIN to ivermectin in naturally infected beef cows in a southern
Ontario cow-calf herd.
Percent Reduction*

95% CI

FECRT1

82.2

53.2 to 98.3

FECRT2

64.8

62.5 to 99.5

FECRT3

93.9

60.0 to 98.0

FECRT4

88.5

53.0 to 100

*<95% reduction or lower CI <90% equals evidence of anthelmintic resistance. Note: FECRT1
and FECR2 used pre- and post-treatment fecal egg counts (FEC) from both treated and
untreated animals, but FECRT1 used arithmetic means while FECRT2 used geometric means.
FECR3 was calculated using arithmetic means from pre- and post-treatment FEC from treated
animals. FECRT4 was calculated using arithmetic means for post-treatment FECs from treated
and untreated animals.
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CHAPTER FIVE
GENERAL CONCLUSIONS
5.1 Conclusions
The overall purpose of this thesis was to contribute to the understanding of GIN
infections in pastured cows and calves in Ontario. Furthermore, to investigate two commonly
used anthelmintics in the cattle industry; fenbendazole and ivermectin, and their effectiveness to
treat subclinical GIN infections and effects on cow and calf performance. The sample sized used
was calculated based on another study. The weight variation in the herd included in this study
was much wider then that used to calculate the sample size. This is possibly due to breed
differences (i.e. mixed breed herds).
The first objective was to determine key epidemiological features of GIN in cows and
calves over the grazing period. Naturally infected, non-treated cows had a FEC mean of 8 +
20.02 epg, ranging from 0 to 190 over the two years. Cow FEC started high in the spring with
resumption of larvae development. Following initial sampling counts decreased and peaked
again at sample number four (after 55-72 DOP) (Figure 2.2). All calf FEC were zero at initial
sampling (i.e. turnout), as the calves were not yet exposed to infective GIN larvae. Following
turnout, the amount of GIN eggs per gram of feces increased, peaking at sample number 4,
similar to cow FEC (Figure 2.3). In the months of September and October the typical start of
autumn arrest in development was seen in cow FEC. Calf FEC were not significantly lower
during these months. If the trial was to be continued into the winter months, one would expect to
see calf FEC decrease as the cow FEC drops. Time was a limitation of this study. Calf FEC did
not have a significant effect on the weaning weight of naturally infected calved. Peak egg
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production was seen in cows and calves at between 55 and 72 DOP in this study. Therefore, the
majority of adult GIN would have started producing eggs between 40 and 57 DOP (around 15 d
previously (Stromberg and Gasbarre, 2006)). Based on these data and the fact that anthelmintics
target L4 and adult GIN, the best time to apply an anthelmintic to kill as many adults as possible
should be around 40 to 57 DOP (i.e. late June to early July).
The second part of the study was to investigate the effectiveness of two commonly used
anthelmintics in the cattle industry (fenbendazole and ivermectin) for treatment of GIN
parasitism and the effects on performance and health. In the LCAFEC model, there was a
significant interaction between treatment and sample number. Ignoring this interaction, FEC of
calves not treated with an anthelmintic were significantly higher than those treated with an
anthelmintic, but there was no significant difference between anthelmintic treatment groups.
Cows in the negative control groups also had numerically higher FEC then those treated with an
anthelmintic. The difference between the control and fenbendazole treated animals was not
significant, but ivermectin treated cows had significantly lower FEC than the two other groups.
Treatment did not have a significant effect on the unadjusted WW of calves.
No animals in the trial had clinical signs of parasitism (e.g. diarrhea, weight loss, bottle
jaw). Over both pasture seasons only subclinical levels of GIN infection were detected. In a
typical production setting, it is unlikely that a producer would notice negative implications of
GIN at these levels of infection. Furthermore, it is questionable if a producer would notice a
benefit in cow and calf performance to treating calves or cows with an anthelmintic at all at
turnout.
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All FECRT calculation methods suggested that there is evidence of resistance or
suspected resistance to both drug classes on this farm. This is interesting as this herd had little
history of anthelmintic use (no history of fenbendazole use and treatment with ivermectin once at
removal from pasture as calves). With the variations among FECRT calculations, caution needs
to be exercised when interpreting percent reductions used to define possible AR in cattle
populations.
One limitation of this study was the sample size. By having more animals enrolled this
would increase power to detect smaller differences, as the population variance is quite large. In
addition, this trial was limited to a single farm. It would be beneficial to conduct similar trials on
various farms and in different herds across the province. This would provide a clearer picture of
the epidemiology of GIN in cattle in Ontario and the effectiveness of these two anthelmintics in
different geographical regions and populations.
Another limitation of this study was that the GIN genera that made up the GIN infection
were unknown. This information is important as prepatent periods and pathogenicity vary
between genera and species. It was assumed in this trial that the GIN genera was the same
amongst all treatment groups and the same from year to year. In addition, by not distinguishing
AR to a certain GIN genus or species could be missed completely.
5.2 Future Research
Limitations of this study were mentioned in the previous section. Cattle producers would
benefit from additional studies with increased sample size in an effort to generate
recommendations as to when anthelmintic should be incorporated in their production system and
at what anthelmintic/drug class should be administered. In order to do this, it would be beneficial
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to know what GIN genera are involved in the infections in the region of interest. All the
infections seen in this study were subclinical; no clinical signs of parasitism (e.g. diarrhea,
weight loss, bottle jaw). Fecal egg counts are a useful tool for veterinarians and producers,
however, there is no work published to differentiate what is a low, medium, or high level GIN
infection is in this region and when anthelmintic intervention is necessary. Therefore, the
biological significance of the subclinical GIN infections seen in this study is questionable. More
work is needed to establish an acceptable range for FEC in cows and calves pastured in Ontario.
An acceptable threshold should be determined to better distinguish at what point cows and calves
require treated with an anthelmintic.
This study suggested that the most appropriate time to apply an anthelmintic to kill as
many adult GIN as possible should be between 40 to 57 d on pasture (late June, early July). Little
work has been done on strategic use of anthelmintics in cow-calf herds in Canada. This study
assumes that treatment would be most effective 15 d prior to peak FEC, however this might not
be the case, depending on the species of parasite involved in the infection. More work is needed
to investigate strategic anthelmintic use and pinpoint the best time to apply anthelmintics with
the goal of maximizing animal health and performance, economic value and practicality to the
operation. Cattle producers commonly deal with tight margins in production. Economic analysis
to assess the cost benefit or loss of not applying anthelmintics or applying the different drug
classes of anthelmintics (i.e. fenbendazole vs. ivermectin) would be of great value.
To the author’s knowledge, this trial was the first to investigate efficacy and production
effects of fenbendazole and ivermectin compared to a negative control in the same cow-calf herd
in southern Ontario and examine different methods of FECR calculations in cattle. Additional
work is needed to determine which FECRT calculation is most appropriate to assess anthelmintic
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efficacy in cattle in northern temperature regions. This would contribute to the research needed
to determine the risk of anthelmintic resistance in beef cattle in Ontario and regions with similar
climatic conditions.
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