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Abstract 

Background: The species composition of cattle gastrointestinal nematode (GIN) communities can vary greatly 
between regions. Despite this, there is remarkably little large-scale surveillance data for cattle GIN species which is 
due, at least in part, to a lack of scalable diagnostic tools. This lack of regional GIN species-level data represents a major 
knowledge gap for evidence-based parasite management and assessing the status and impact of factors such as 
climate change and anthelmintic drug resistance.

Methods: This paper presents a large-scale survey of GIN in beef herds across western Canada using ITS-2 rDNA 
nemabiome metabarcoding. Individual fecal samples were collected from 6 to 20 randomly selected heifers 
(n = 1665) from each of 85 herds between September 2016 and February 2017 and 10–25 first season calves (n = 824) 
from each of 42 herds between November 2016 and February 2017.

Results: Gastrointestinal nematode communities in heifers and calves were similar in Alberta and Saskatchewan, 
with Ostertagia ostertagi and Cooperia oncophora being the predominant GIN species in all herds consistent with pre-
vious studies. However, in Manitoba, Cooperia punctata was the predominant species overall and the most abundant 
GIN species in calves from 4/8 beef herds.

Conclusions: This study revealed a marked regional heterogeneity of GIN species in grazing beef herds in west-
ern Canada. The predominance of C. punctata in Manitoba is unexpected, as although this parasite is often the 
predominant cattle GIN species in more southerly latitudes, it is generally only a minor component of cattle GIN 
communities in northern temperate regions. We hypothesize that the unexpected predominance of C. punctata at 
such a northerly latitude represents a range expansion, likely associated with changes in climate, anthelmintic use, 
management, and/or animal movement. Whatever the cause, these results are of practical concern since C. punctata 
is more pathogenic than C. oncophora, the Cooperia species that typically predominates in cooler temperate regions. 
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Background
Co-infection with multiple gastrointestinal nematode 
(GIN) species is common in cattle [1]. The infection 
intensities of the different GIN species will significantly 
influence the production impacts and the risk of clini-
cal disease [2, 3]. The relative abundance of different 
GIN species is known to vary greatly at the macro-
geographical level, with the most abundant species in 
northern temperature regions being distinctly different 
from those at more southerly latitudes [4]. Many fac-
tors can affect GIN species distribution and abundance, 
including climate, grazing management, and anthelmin-
tic use [5–9]. However, there is minimal regional GIN 
species-level data in cattle from most parts of the world. 
This important knowledge gap is most likely due to the 
laborious and specialized nature of identifying GIN spe-
cies in fecal samples using coproculture and microscopy 
[10]. The recent development of ITS-2 rDNA nemabiome 
metabarcoding provides a more accurate, objective, and 
scalable approach to examining GIN species composi-
tion of GIN parasite communities in grazing livestock [4, 
11–13].

Previous work has shown that the two most abundant 
GIN species in cattle in northern temperate regions in 
North America, including western Canada, are Osterta-
gia ostertagi and Cooperia oncophora, with a number of 
other species being present at variable but typically low 
levels [4, 14]. Ostertagia ostertagi is the most pathogenic 
of the cattle GIN with the potential to cause severe clini-
cal disease, but subclinical infections are more common 
at northern latitudes resulting in production loss such as 
reduced average daily gain and carcass quality [2, 3, 15]. 
Cooperia oncophora is less pathogenic but has become 
more concerned in recent years due to the high preva-
lence of macrocyclic lactone resistance [9, 16]. Cooperia 
punctata, the most pathogenic of the bovine Cooperia 
species, is typically found at high levels in more southerly 
regions but was recently reported in several beef cattle 
herds in eastern Canada, albeit as a minority of the GIN 
species overall [4].

In this paper, we report the application of ITS-2 nema-
biome metabarcoding to survey the GIN communities 
in 85 beef herds across western Canada. We found an 
unexpectedly high relative abundance of C. punctata in 
Manitoba, revealing a distinct regional heterogeneity in 

GIN communities of cattle reared under relatively similar 
management and climatic conditions. The occurrence of 
C. punctata beyond what is generally considered its nor-
mal geographical range is of concern given its relatively 
high pathogenicity and propensity to develop macrocy-
clic lactone resistance.

Methods
Sample population
The cow-calf operations participating in this study were 
enrolled in the Western Canadian Cow-Calf Surveillance 
Network (WCCCSN). The formation of this network has 
previously been described [17, 18]. Briefly, producers for 
the WCCCSN were enrolled based on national agricul-
tural census data to obtain a geographically representa-
tive sample population from western Canada, including 
Alberta, Saskatchewan, and Manitoba. Private veterinar-
ians providing services to cow-calf operations in these 
provinces were asked to assist in recruiting producers. 
Inclusion criteria for participation were a minimum herd 
size of 100 cows, willingness to complete questionnaires 
regarding grazing systems, pasture management, and 
internal parasite control, and allowing the collection of 
biological samples from cattle. In situations where more 
producers were identified than needed from a particular 
region, the required number of producers was selected 
on a random basis. At the time of data collection for this 
study, there were 111 cow-calf operations enrolled in the 
WCCCSN (55 in Alberta, 35 in Saskatchewan, and 21 in 
Manitoba). Through a survey on parasite management 
distributed in the summer of 2016, producers were asked 
to collect fecal samples from their heifers during the fall 
pregnancy diagnosis. They were also asked to voluntar-
ily collect fecal samples from their 2016 calf crop around 
weaning (fall 2016 and winter 2017) and submit them to 
the laboratory for processing [19].

Fecal sample collection
Fecal sampling from heifers took place between Septem-
ber 2016 and February 2017. Each herd was provided with 
a sampling kit. The herd veterinarian was asked to collect 
fecal samples from the rectum of 20 randomly selected 
heifers based on the availability; if 20 heifers were not 
available, the youngest bred cows were sampled for a total 
of 20 samples per herd. This sampling strategy resulted 
in a median age of sampled heifers of 20 months (range 
12–36  months). Calves were sampled from November 

Finally, this study illustrates the value of ITS-2 rDNA nemabiome metabarcoding as a surveillance tool for ruminant 
GIN parasites.
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2016 to February 2017. Producers were instructed to 
collect at least two handfuls of feces (freshly voided or 
rectally collected) from 20 conveniently selected indi-
vidual calves. The median age of calves sampled was 
eight months (range 7–9  months). The number of sam-
ples collected from each herd ranged from 6 to 20 sam-
ples (median 20) for heifers and 10 to 25 (median 20) for 
calves. Individual fecal samples from heifers and calves 
were collected into labeled plastic bags, with the air 
expelled, stored in an insulated container at room tem-
perature, and shipped within 24  h of collection to the 
laboratory at the University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada (heifer samples), or the labora-
tory at the University of Calgary, Calgary, Alberta, Canada 
(calf samples). Samples were received by respective labo-
ratories within 24 to 96 h (median 48 h) of collection and 
stored at room temperature in the sealed bags in the insu-
lated containers until fecal egg counting was performed.

There were 1655 heifer samples (Alberta = 876, Sas-
katchewan = 468, Manitoba = 311) from 85 herds 
(Alberta = 45, Saskatchewan = 24, Manitoba = 16) avail-
able to obtain fecal egg counts (FEC) and subsequent 
analysis. For the calves, 824 (Alberta = 447, Saskatch-
ewan = 211, Manitoba = 166) fecal samples from 42 herds 
(Alberta = 23, Saskatchewan = 10, Manitoba = 9).

Fecal egg counting
Individual fecal samples were processed within three to 
five days of collection. A modified Wisconsin sugar flo-
tation technique with minor modifications was used to 
process fecal samples [20]. In brief, 5 and 3 g of feces were 
used to obtain FEC from heifers and calves, respectively. 
The fecal sample was mixed with 15 ml of tap water to cre-
ate a homogenous slurry and filtered through a single layer 
of cheesecloth (grade 60) into a plastic cup. The filtrate was 
transferred into a 16 × 125 mm test tube and centrifuged 
(535×g, 10 min). The supernatant was carefully decanted, 
and the sediment was resuspended in Sheather’s solution 
(specific gravity 1.27), leaving an approximately 5 mm air 
space from the top of the tube. The sample was again cen-
trifuged (535×g, 10 min). Sheather’s solution was poured 
to a slight convex meniscus on the test tube, a coverslip 
was placed on top, and the sample was left to stand for 
30 min. The coverslip was then carefully removed, placed 
on a glass slide, and observed under the microscope at 
×100 total magnification. Gastrointestinal nematode eggs 
were identified as strongyle-type spp., Nematodirus spp., 
or Trichuris spp. The theoretical detection sensitivity of 
the test was 0.20 eggs per gram of feces (EPG) for heifers 
and 0.33 EPG for calves.

Coproculture larval harvesting
Coprocultures were prepared at the same time as fecal 
egg counting. A different pooling strategy was used for 
the heifer and calf samples because the low number of 
larvae harvested per herd for the former did not allow 
meaningful quantitative data to be generated at the indi-
vidual herd level.

Heifer samples
A modified coproculture protocol was used to harvest 
third-stage nematode larvae (L3) [21]. Briefly, a com-
posite fecal sample was prepared for each herd by pool-
ing 12 g of homogenized feces from each heifer in the 
herd, and three coprocultures were set up comprising 
80 g of the composite feces mixed with vermiculite and 
tap water in a 250  ml glass. Cultures were incubated 
at room temperature (approximately 20–23  °C) for 
21  days, after which time L3 were harvested, washed 
twice in tap water by centrifugation at 3725×g for 
3  min before resuspending in 0.3  ml of tap water, and 
fixed by the addition of 0.7 ml of 95% ethanol. The lar-
vae derived from the three coprocultures of compos-
ite fecal samples per herd were then pooled to provide 
one pool of harvested larvae per herd. After the enu-
meration of an aliquot of larvae by microscopy, samples 
were sent to the University of Calgary laboratory, where 
they were kept frozen at −80 °C for archiving and ITS-2 
rDNA nemabiome metabarcoding. Since there were 
insufficient larvae obtained for meaningful quantitative 
analysis at the individual herd level, the L3 harvested 
from each herd were put into two pools per province; 
one pool for small herds (≤ 300 cow-calf pairs) and 
one pool for large herds (> 300 cow-calf pairs). The 
small herd pools comprised 29, 16, and 10 herds, and 
the large herd pools comprised 15, 8, and 5 herds for 
Alberta, Saskatchewan, and Manitoba, respectively 
(larvae were not available for pooling from one large 
herd from Alberta and one small herd from Manitoba). 
This pooling strategy was chosen to give some degree 
of replication within the limitations of the small num-
ber of larvae harvested from many individual herds and 
compare the species abundance between herds of dif-
ferent sizes and between provinces. The total number 
of L3 in the small and large herd pools, respectively, 
were as follows: Alberta = 4200 and 3900 L3, Saskatch-
ewan = 3600 and 4400 L3, Manitoba = 3800 and 5200 
L3. Three separate aliquots of 1000 L3 were then taken 
from each pool to prepare triplicate genomic DNA 
samples for nemabiome metabarcoding.
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Calf samples
For calves, individual animal coprocultures were pre-
pared from 40  g of homogenized feces as per the 
method of Roberts and O’Sullivan [21]. Culture condi-
tions and harvesting procedures were similar to those 
described for the heifer samples. Larvae were counted 
by microscopy, and 50% of the larvae from individual 
samples were pooled to create a single herd-level pool 
of larvae. Pooled L3 were washed, centrifuged, enumer-
ated, and fixed in 95% ethanol, similar to the procedure 
described for heifers. Samples were stored at −80  °C 
until being processed for ITS-2 rDNA nemabiome 
metabarcoding.

There were adequate L3 counts for quantifying GIN 
species proportions at the herd level for 40 out of 42 
herds sampled (n = 22, 10, and 8) in Alberta, Saskatch-
ewan, and Manitoba, respectively). Genomic DNA pre-
pared from 250 L3 from each herd-level pool was used 
for ITS-2 rDNA sequencing. There were sufficient larvae 
in most herd-level pools for two or three separate ali-
quots of 250 L3 to prepare duplicate or triplicate genomic 
DNA samples. However, four herd-level pools had insuf-
ficient larvae for duplicate samples; consequently, a single 
aliquot of 250 L3 was processed (Additional file 1: Figure 
S1).

ITS‑2 rDNA nemabiome metabarcoding
The ITS-2 rDNA nemabiome metabarcoding method-
ology has been previously described and validated [11]. 
Protocol details are available at https:// www. nemab iome. 
ca/ seque ncing. html [22]. Briefly, larvae were placed 
in a Proteinase K (120  μg/ml) lysis buffer (50  mM KCl, 
10  mM Tris (pH 8.3), 2.5  mM  MgCl2, 0.45% Nonidet 
P-40, 0.45% Tween 20, 0.01% (w/v) gelatin) to create 
pooled crude lysates. Molecular-grade double-distilled 
water was used to make 1:10 dilutions of the pooled 
crude lysates used as a template for first-round PCR 
amplification of the ITS-2 rDNA target (311–331  bp 
fragment) as described in Avramenko et al. [11]. Follow-
ing purification with AMPure XP Magnetic Beads (1×) 
(Beckman Coulter Inc., Indianapolis, IN, USA), Illumina 
indices and P5/P7 sequencing tags (Illumina, Inc., San 
Diego, CA, USA) were added using limited cycle PCR 
amplification, and the final amplicon products purified 
using the same method as above. Approximately 50  ng 
of amplicon were pooled from each sample to make up 
the master sequencing library, quantified using the KAPA 
qPCR Library Quantification Kit (Roche/Kapa Biosys-
tems, Inc., Wilmington, MA, USA). The final concentra-
tion of the pooled library was 12.5 nM, with the addition 
of 25% PhiX Control v3 (Illumina, FC-110-3001), and it 
was run on an Illumina MiSeq Desktop Sequencer using 
a 500-cycle paired-end reagent kit (MiSeq Reagent Kits 

v2, MS-103-2003). Utilizing the Mothur software pack-
age, a bioinformatics pipeline was used to assign nema-
tode species identity to each sequenced read using 
previously described methods [4]. Further details of the 
pipeline are available at https:// www. nemab iome. ca/ 
analy sis. html [23]. Sequence reads were multiplied by 
previously validated correction factors specific to indi-
vidual GIN species [11]. The number of sequence reads 
mapping to each species reference sequence was divided 
by the total number of mapped reads per sample to deter-
mine the percentage species composition of each sample. 
The total sequence read number mapping to ITS-2 rDNA 
reference sequences for each sample ranged from 13,401 
to 32,801 reads for heifer samples and 15,178 to 83,935 
reads for calf samples.

Data analyses
At the individual animal level, the proportions of indi-
vidual fecal samples [95% confidence interval (CI)] posi-
tive for strongyle-type, Nematodirus spp., and Trichuris 
spp. were determined for calves and heifers based on 
identifying at least one GIN egg under the microscope. 
The overall arithmetic mean EPG [± standard deviation 
(SD)] of the three morphologically different GIN egg 
types were also calculated for both heifers and calves. 
For calves, the herd-level arithmetic mean EPG (±SD) 
of all GIN egg types was calculated and presented with 
the relative herd-level GIN species proportions.

At the provincial level, the arithmetic mean EPG 
(±SD) of strongyle-type FEC for each province was 
calculated, and the statistical difference between prov-
inces was determined using a generalized estimating 
equation model with a negative binomial distribution 
and log link function, accounting for clustering at the 
herd-level for both calves and heifers. Nematodirus spp. 
and Trichuris spp. FEC were very low in both calves 
and heifers; therefore, their provincial-level arithmetic 
means were not estimated.

Alpha diversity was calculated to determine the over-
all species diversity of GIN populations in calves and 
heifers within a province. For calves, species diversity 
data of analytical replicates (i.e., 250 L3 aliquots; 62, 36, 
and 20 aliquots for Alberta, Saskatchewan, and Mani-
toba, respectively) of herd-level pools were used for the 
mean comparison. For heifers, species diversity data of 
analytical replicates (i.e., 1000 L3 aliquots; 12 aliquots 
per province) of each provincial pool were used for 
the mean comparison. Analytical replicates for heifers 
were meaningful because they represent multiple herds 
within a province as larvae from many individual herds 
went into each provincial pool. The calculations were 
performed in Mothur v.1.36.1 using the built-in inverse 

https://www.nemabiome.ca/sequencing.html
https://www.nemabiome.ca/sequencing.html
https://www.nemabiome.ca/analysis.html
https://www.nemabiome.ca/analysis.html
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Simpson calculation as previously reported [11]. To 
assess whether the inverse Simpson index differed sig-
nificantly between each province, a one-way ANOVA, 
assuming non-equal variances, was performed using a 
Games–Howell post hoc comparison in SPSS statistical 
software (IBM Corp. Released 2012. IBM SPSS Statis-
tics for Macintosh, Version 21.0. Armonk, NY, USA).

Beta diversity estimation was performed for three 
major species, O. ostertagi, C. oncophora, and C. punc-
tata, using the MetaStats plugin in 275 Mothur v. 
1.36.1, using 1000 permutations and default parameters 
to determine whether the species composition differed 
in calves and heifers between two different provinces 
[24]. MetaStats assumed that the data were not nor-
mally distributed; therefore, modified non-parametric 
t-tests (two-tailed) for pairwise comparisons of beta 
diversity estimations of each GIN species in each prov-
ince were used [24]. This method can overestimate the 
GIN species with a lower abundance; therefore, sig-
nificance was not claimed if the species were present 
at less than 2% on average in both comparable groups. 
Significance was declared if P < 0.05. In terms of calves, 
the arithmetic mean FEC of strongyle-type spp., Nem-
atodirus spp., and Trichuris spp. for each herd were 
reported with the relative GIN species proportions in 
each sample.

Results
Fecal egg count and ITS‑2 rDNA nemabiome 
metabarcoding data for gastrointestinal nematodes 
in heifers
Strongyle-type eggs were detected in 92.0% (95% 
CI 91.0–93.0) of individual heifer samples and 100% of 
herds with an overall mean FEC of 5.3 (SD = 7.7) EPG 
(range = 0–92). Nematodirus spp. eggs were detected 
in 1.8% (95% CI 1.0–3.0) of individual samples and 
24.7% (21/85) of herds with an overall mean FEC of 
0.01 (SD = 0.1) EPG (range = 0–2.4). Trichuris spp. 
eggs were detected in 1.0% of individual samples (95% 
CI 1.0–2.0) and 21.2% (18/85) of herds with an over-
all mean FEC of 0.003 (SD = 0.3) EPG (range = 0–0.6). 
The mean strongyle-type FEC of heifers in Alberta, 
Saskatchewan, and Manitoba were 5.1 (SD = 6.5, 
range = 0–55.6), 5.9 (SD = 8.7, range = 0–92), and 5.2 
(SD = 9.3, range = 0–85), respectively, and they were not 
significantly different (Wald χ2 = 0.66, number of obser-
vations = 1655, number of groups = 85, P = 0.719).

ITS-2 rDNA nemabiome metabarcoding revealed that 
O. ostertagi was the predominant parasite species in heif-
ers from Alberta and Saskatchewan herds (Fig. 1), with an 
overall relative abundance of 53.9 and 52.0% in Alberta 
small and large herds, respectively, and 59.3 and 61.0% 
in Saskatchewan small and large herds, respectively. 

Cooperia oncophora was the second most abundant GIN 
in those two provinces, making up 39.4 and 28.6% of the 
parasite species proportions overall from small and large 
herds in Alberta, respectively, and 23.5 and 34.9% of 
the GIN populations from small and large herds in Sas-
katchewan, respectively. In contrast, Cooperia punctata 
was the predominant GIN species in Manitoba, with an 
overall relative abundance of 51.5 and 54.8% in small and 
large herds, respectively. Ostertagia ostertagi was the sec-
ond most abundant GIN in Manitoba’s small and large 
herds, with an overall relative abundance of 22.9 and 
28.4%, followed by C. oncophora with an overall relative 
abundance of 10.0 and 10.2% in those herds, respectively. 
Other GIN species were present in smaller proportions 
in Alberta, Saskatchewan, and Manitoba regional pools, 
including Oesophagostomum radiatum (4.1–7.4%), Hae-
monchus placei (0.9–2.4%), Trichostrongylus longispicu-
laris (0.1–1.6%), Haemonchus contortus (0–0.2%), and 
Orloffia bisonis (0–0.3%).

The comparison of inverse Simpson index for alpha 
diversity manifested a significant difference in overall 
GIN species diversity between provinces (F(2, 33) = 27.3, 
P < 0.001). The post hoc comparisons of the inverse 
Simpson indexes revealed that the overall GIN spe-
cies diversity in heifers was greater in Manitoba (mean 
index = 3.60, SD = 0.64) herds than the Alberta (mean 
index = 2.54, SD = 0.32) herds (P = 0.037). Similarly, the 
overall GIN species diversity of Manitoba herds was 
greater than Saskatchewan herds (mean index = 2.31, 
SD = 0.36) herds (P = 0.009). Nevertheless, Alberta heif-
ers’ alpha GIN species diversity was not significantly 
different from Saskatchewan heifers (P = 0.765). Beta 
species diversity comparisons revealed that the relative 
abundance of C. punctata was significantly greater in 
heifers from Manitoba than Alberta (t = 35.1, P < 0.001) 
and Saskatchewan (t = 33.6, P < 0.001) (Table 1). Gastro-
intestinal nematode populations in Alberta had a sig-
nificantly greater abundance of C. oncophora (t = 12.1, 
P < 0.001) and O. ostertagi (t = 27.5, P < 0.001) than in 
Manitoba. Similarly, C. oncophora (t = 10.0, P < 0.001) 
and O. ostertagi (t = 26.7, P < 0.001) abundances were 
significantly greater in Saskatchewan than Manitoba 
populations. Significant differences were not assessed for 
Nematodirus helvetianus, O. bisonis, H. placei, O. radia-
tum, and Trichostrongylus axei due to their low relative 
abundance (< 2%).

Fecal egg count and ITS‑2 rDNA nemabiome 
metabarcoding data for gastrointestinal nematodes 
in calves
Strongyle-type eggs were detected in 91.1% (95% 
CI 89.0–93.0%) of individual calf samples and 100% 
of herds with an overall mean FEC of 17.9 (SD = 20.3) 
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(range = 0–178). Nematodirus spp. eggs, were detected in 
30.7% (95% CI 27.6–34.0) of individual calf samples and 
100% of herds with an overall mean FEC of 0.8 (SD = 2.9) 
EPG (range = 0–36). Trichuris spp. eggs were detected in 
33.1% (95% CI 29.9–36.5) of individual calf samples and 
85.7% (36/42) of herds with an overall mean FEC of 0.6 
(SD = 2.0) EPG (range = 0–32 EPG). Mean strongyle-type 
FEC in calves from Alberta, Saskatchewan, and Mani-
toba were 15.3 (SD = 15.8, range = 0–88), 17.0 (SD = 16.2, 
range = 0–86), and 24.7 (SD = 31.0, range = 0–178), 
respectively, with no significant differences between 
those egg counts (Wald χ2 = 2.27, number of observa-
tions = 844, number of groups = 42, P = 0.322).

ITS-2 rDNA nemabiome metabarcoding revealed 
that O. ostertagi was the most abundant species in 
Alberta and Saskatchewan, with a mean overall rela-
tive abundance of 50.8 (SD = 22.4, range = 1.4–78.2) and 
56.0% (SD = 16.9, range = 30.4–80.9), respectively. It 
was the predominant species in 18/22 herds in Alberta 
and 7/10 herds in Saskatchewan (Fig.  2). Cooperia 
oncophora was the second most abundant GIN spe-
cies in those two provinces, with a mean overall abun-
dance of 44.2 (SD = 21.3, range = 21.5–96.4) and 36.4% 
(SD = 14.0, range = 19.0–60.4) in Alberta and Saskatch-
ewan, respectively. It was the predominant species in 
4/22 Alberta herds and 2/10 Saskatchewan herds. In 
Alberta and Saskatchewan, C. punctata abundance was 
relatively low with a respective mean overall abundance 
of 0.2 (SD = 0.4, range = 0–4.3) and 2.3% (SD = 3.5, 
range = 0.02–17.5). However, in Manitoba, C. punctata 
was the most abundant GIN species, with a mean over-
all relative abundance of 28.2% (SD = 26.2, range = 0.1–
89.8). Cooperia punctata was the predominant species in 
4/8 of Manitoba herds. The mean relative species abun-
dances of O. ostertagi and C. oncophora in Manitoba were 
34.7% (SD = 28.4, range = 7.4–82.2) and 31.9 (SD = 23.1, 

Table 1 Beta-diversity (MetaStats) significance for individual parasite species of gastrointestinal nematodes in provincial level larval 
pools from heifers between 12 and 36 months of age from 83 cow-calf operations in Alberta (AB; n = 44), Saskatchewan (SK; n = 24) 
and Manitoba (MB; n = 15), Canada

a Standard deviation

*Statistically significant

Nematode species Mean % (±SD)a Statistical analysis

AB SK MB AB vs SK AB vs MB SK vs MB

Ostertagia ostertagi 53.6 (1.8) 60.0 (3.3) 24.8 (3.2) t = 5.864
P < 0.001*

t = 27.480
P < 0.001*

t = 26.708
P < 0.001*

Cooperia oncophora 32.7 (6.1) 29.3 (6.3) 9.6 (2.5) t = 1.349
P = 0.190

t = 12.110
P < 0.001*

t = 10.006
P < 0.001*

Cooperia punctata 4.0 (1.7) 3.5 (2.4) 54.0 (4.6) t = 0.590
P = 0.561

t = 35.089
P < 0.001*

t = 33.620
P < 0.001*
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Fig. 2 Fecal egg counts and gastrointestinal nematode species 
proportions in fecal samples of calves from 40 western Canadian 
cow-calf operations. Fecal samples from 10 to 20 individual calves 
were pooled at the herd level. Figure a represents the arithmetic 
means of 10–20 individual calf fecal egg counts of strongyle-type, 
Nematodirus spp. and Trichuris spp. eggs in each herd. Figure 
b represents the relative GIN species proportions of each herd 
determined by ITS-2 rDNA nemabiome metabarcoding of herd-level 
third-stage larval pools. Numbers from 1 to 40 on the x-axis identify 
the individual herds. Except for herds 9, 14, 25, and 34, nemabiome 
metabarcoding was undertaken on duplicate or triplicate aliquots of 
250 larvae per herd (Additional file 1: Figure S1)
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range = 0.07–66.1), respectively. The former was the pre-
dominant species in 3/8, and the latter was the predomi-
nant species in 1/8 herds from Manitoba. Nematodirus 
helvetianus (0.07–2.2%), O. bisonis (0–0.7%), H. placei 
(0.02–0.3%), O. radiatum (0–0.2%), and T. axei (0–0.07%) 
were also present in some herds, but their relative abun-
dances were very small.

The comparisons of the inverse Simpson index revealed 
a significant difference in overall GIN species diver-
sity between provinces (F(2, 116) = 8.59, P < 0.001). The 
post hoc comparisons of the inverse Simpson indexes 
indicated an overall lower GIN species diversity in the 
calves from Alberta (mean index = 1.78, SD = 0.34) herds 
than Manitoba (mean index = 2.15, SD = 0.55) herds 
(P = 0.025). In parallel, the overall GIN species diversity 
in Alberta’s calves was lower than in Saskatchewan (mean 
index = 1.93, SD = 0.20) calves (P = 0.024). However, 
there was no difference in the overall species alpha diver-
sity between the Manitoba and Saskatchewan GIN pop-
ulations (P = 0.219). Beta diversity analysis manifested 
that Manitoba farms had a significantly greater abun-
dance of C. punctata than Alberta (t = 4.8, P = 0.001) 
and Saskatchewan (t = 4.4, P = 0.001) (Table 2). The rela-
tive abundance of C. punctata was significantly lower 
in Alberta herds than in Saskatchewan herds (t = −3.6, 
P = 0.001). Gastrointestinal nematode populations in 
Alberta herds had a significantly greater abundance of 
C. oncophora than GIN populations found on farms 
from Manitoba (t = 2.5, P = 0.022) and Saskatchewan 
(t = 2.1, P = 0.044). Furthermore, O. ostertagi was sig-
nificantly lower in GIN populations found in Manitoba 
farms compared to GIN populations sampled in Alberta 
(t = −2.4, P = 0.023) and Saskatchewan farms (t = −3.2, 
P = 0.003). Statistical differences were not assessed for 

N. helvetianus, O. bisonis, H. placei, O. radiatum, and T. 
axei due to their low relative abundance (< 2%).

Discussion
There is a lack of large-scale studies exploring regional 
differences of GIN species distribution and abundance 
in cattle, with most existing information being largely 
historical or anecdotal. This paucity of studies is partly 
because of the specialist expertise and time required for 
species identification and the lack of scalable tools for 
quantifying parasite species abundance from fecal sam-
ples. The recent development of ITS-2 rDNA nemabi-
ome sequencing now provides a powerful new approach 
to investigate the relative abundance of GIN species [11]. 
A recent ITS-2 rDNA metabarcoding study of 50 beef 
herds across Canada determined that O. ostertagi and C. 
oncophora were the two most predominant GIN species 
overall, consistent with the general understanding that 
these two species are well adapted to cold temperate cli-
mates [4, 14]. The only aspect of that study that suggested 
regional differences was the finding that C. punctata was 
present at a somewhat greater abundance overall in east-
ern Canada than in the West [4]. However, that species 
was still much less abundant than O. ostertagi and C. 
oncophora in the eastern Canadian herds overall. Here 
we have extended that work to explore potential regional 
differences in GIN species distribution and abundance in 
a larger scale study of cow-calf herds across three west-
ern Canadian provinces; Alberta (45 herds), Saskatch-
ewan (24 herds), and Manitoba (16 herds).

One of the challenges of working with cattle GIN in 
northern latitudes is the typically low fecal egg excretion 
and the consequent low recovery of eggs or larvae from 
fecal samples, particularly in adult cattle. Consequently, a 

Table 2 Beta-diversity (MetaStats) significance for individual parasite species of gastrointestinal nematodes in herd level larval pools 
from calves < 1 year of age from 40 cow-calf operations in Alberta (AB; n = 22), Saskatchewan (SK; n = 10) and Manitoba (MB; n = 8), 
Canada

a Standard deviation

*Statistically significant

Nematode species Mean % (±SD)a Statistical analysis

AB SK MB AB vs SK AB vs MB SK vs MB

Ostertagia ostertagi 50.8 (22.4) 56.0 (16.9) 34.7 (27.2) t = 1.294
P = 0.188

t = 2.396
P = 0.024*

t = 3.173
P = 0.003*

Cooperia oncophora 44.2 (21.3) 36.4 (14.0) 31.9 (23.1) t = 2.046
P = 0.044*

t = 2.496
P = 0.022*

t = 0.959
P = 0.352

Cooperia punctata 0.2 (0.94) 2.3 (3.5) 28.2 (26.2) t = 3.614
P = 0.001*

t = 4.788
P = 0.001*

t = 4.409
P = 0.001*
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pooling strategy was taken to provide a regional overview 
of the GIN species abundance in western Canadian beef 
operations in which samples from heifers were pooled 
at the provincial level (two pools per province based on 
herd size categorization), and samples from calves were 
pooled at the herd level. The ITS-2 rDNA nemabiome 
metabarcoding results were consistent with the previ-
ous study of Canadian beef calves finding that O. ostert-
agi was the predominant GIN species in both Alberta 
and Saskatchewan cow-calf operations, with the next 
most abundant species being C. oncophora [4]. However, 
for Manitoba, the results were markedly different from 
Alberta and Saskatchewan, with a very high abundance 
of C. punctata across multiple herds. This species was the 
most abundant GIN species in both the heifer and calf 
samples from Manitoba overall and was the single most 
abundant GIN species in calves from 4/8 herds sampled 
from Manitoba. This finding was surprising because C. 
punctata is considered poorly adapted to cooler climates 
and has only been reported to occur at high abundance 
at more southerly latitudes such as mid-west, southern 
USA, and southern America, where it commonly domi-
nates GIN communities [4, 9].

The high abundance of C. punctata at such a north-
erly latitude is concerning since this species is signifi-
cantly more pathogenic than C. oncophora, the species of 
Cooperia that generally predominates in cattle in cooler 

temperate regions such as western Canada. Research in 
experimentally infected beef calves shows that C. punctata 
negatively impacts appetite and nutrient utilization result-
ing in significant reductions in average daily gain and dry 
matter intake [25]. The lack of historical data and detailed 
regional studies of GIN abundance in North American 
beef herds over the last few decades means it is not cer-
tain whether the high abundance of C. punctata in Mani-
toba represents a change and, if so, how recently this might 
have occurred. Nevertheless, this parasite species has 
not been frequently reported at such northerly latitudes 
in the past, and to our knowledge, never as the predomi-
nant GIN species. Therefore, there is a strong possibility 
that these results reflect a range expansion of this species 
due to several factors. Trichostrongylid GIN are poten-
tially sensitive to climate change since the part of the life 
cycle outside the host is very temperature- and moisture-
dependent [26]. Range expansion associated with climate 
change has been suggested for several parasitic nematode 
species in the strongylid group. For example, the rumi-
nant GIN nematode H. contortus is currently much more 
common in western Canadian and UK sheep farms than 
in previous decades, and modeling studies suggest that 
significant range expansion is likely to occur in northern 
Europe in the coming decades [27, 28]. A major concern is 
the lengthening of the grazing season predicted in Canada 
associated with global warming, which could lead to range 

Fig. 3 Approximate locations of 40 cow-calf operations where ITS-2 rDNA nemabiome metabarcoding data in fecal samples were available for 
calves. Those herds with a predominance of Cooperia punctata are indicated in green. Each location identified by an arrow contains two farms with 
the same postal code
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expansion of GIN more usually found in southern latitudes 
[29]. Changes in cattle GIN parasite distribution could also 
be associated with the selection pressure for routinely used 
anthelmintics, particularly macrocyclic lactones. Ivermec-
tin resistance is now widespread in Cooperia spp. in North 
America, and a study in the USA in 2015 suggested that 
the overall prevalence of Cooperia spp. was increasing due 
to the selection pressure for macrocyclic lactone resistance 
[9, 16]. Whatever the explanation of the unexpectedly high 
relative abundance of C. punctata in Manitoba cow-calf 
herds, its regional distribution in western Canada is not 
simply related to the latitude (Fig. 3). The localized distri-
bution in Manitoba may suggest a single or small number 
of introduction events into that region, perhaps associated 
with the importation of cattle from particular sources fur-
ther south. It will be interesting to map the distribution 
of C. punctata in Manitoba in more detail and investigate 
potential risk factors for its presence and the history of ani-
mal movements and importations in the region. It is also 
noteworthy that the sampling timing was not markedly 
different between provinces and so not the reason for the 
differences in the GIN community composition. However, 
all samples from heifers and calves were collected in the 
fall and winter. Therefore, a more detailed temporal study 
is warranted both across the grazing season and between 
years to understand further the relative abundance and the 
regional distribution of this parasite.

Cooperia punctata is also one GIN species that most 
commonly develop resistance to macrocyclic lactones, 
with several USA cattle reports [30, 31]. Ivermectin is 
currently the most widely used macrocyclic lactone in 
western Canadian beef operations [19]. We have recently 
confirmed ivermectin resistance in C. oncophora, H. 
placei, and C. punctata and provided evidence for iver-
mectin resistance of hypobiotic larvae of O. ostertagi in 
western Canada using integrated ITS-2 rDNA nemabi-
ome metabarcoding and FEC reduction test results [32]. 
This finding suggests the emergence of ivermectin resist-
ance in multiple GIN species in western Canada, includ-
ing C. punctata.

Conclusions
In summary, this study has revealed striking regional dif-
ferences in GIN species abundance in western Canada. 
Specifically, a previously unidentified high relative abun-
dance of C. punctata in beef cattle in Manitoba. The 
lack of previous reports of this parasite species at such 
a northerly latitude raises the possibility that its range 
is geographically expanding in North America, perhaps 
under the influence of climate change, anthelmintic use, 
animal movement, and/or other as yet undetermined 
management factors. The emergence of C. punctata as 
a major constituent of cattle parasite communities in 

northern latitudes is potentially problematic given the 
high pathogenicity and capacity for anthelmintic resist-
ance in this GIN species. This study also provides an 
excellent illustration of the value of ITS-2 rDNA nema-
biome metabarcoding as a surveillance tool for ruminant 
GIN parasites.
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