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Abstract

We report on the use of the faecal egg count reduction test to evaluate the performance of ivermectin in treating
gastrointestinal nematode infections in first grazing season (FGS) calves on four dairy farms in Co. Kilkenny, Ireland.
On each farm, FGS calves were injected subcutaneously with ivermectin in accordance with their live weight (day
0). Calves were individually faecal sampled on both day 0 and day 14. Faecal egg counts were determined using
the Mini-FLOTAC technique. Composite faecal cultures for each farm were performed on each sampling occasion.
The faecal egg count reductions (mode) ranged from 17.3–80.2% with the lower 95% confidence limit ranging
from 3.1–72.3% on the four farms, respectively. Ivermectin-resistant nematodes were detected on all farms, with
evidence of Ostertagia resistance on one farm. This study highlights the urgent need for Irish producers to
reappraise their parasite control practices.
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Introduction
Given the increase in the number of reports of the de-
tection of anthelmintic-resistant nematodes in cattle [1–
3], there is a clear need to establish the efficacy of com-
monly used anthelmintics on Irish cattle farms so as to
ensure that neither animal welfare nor performance is
compromised.
Of the anthelmintics available to beef and dairy

producers, macrocyclic lactones (Group 3 -MLs) such
as ivermectin are a popular choice [4, 5] and their
popularity with producers can be readily explained by
both their ease of use (e.g. available as pour-ons, low
dose volume) and their persistence of activity against
gastrointestinal nematodes [6, 7]. However, concerns
exist over their long term sustainability and resistance
to them has already been reported on two Irish beef
research farms [8].
Although the controlled efficacy test is regarded as the

gold standard for determining anthelmintic efficacy [9],
the faecal egg count reduction test (FECRT) is more
widely employed as it does not involve the slaughter of

potentially expensive animals. The guidelines for con-
ducting the FECRT were devised chiefly for sheep [10]
but they can also be used for other species such as cattle,
horse and pigs. Using this test, anthelmintic resistance
(AR) is classified as occurring when the FECR is less
than 95% with the lower 95% confidence limit being less
than 90%. Resistance is only suspected when just one of
these conditions are met.
In this study, we report on the use of the FECRT to

evaluate the performance of ivermectin in treating
gastrointestinal nematode (GIN) infections in first graz-
ing season (FGS) calves on four dairy farms in Co. Kil-
kenny, Ireland.

Materials and methods
On each of four dairy farms, a minimum of 12 FGS Hol-
stein Friesian female calves which had not received any
prior anthelmintic treatment and were on pasture for a
minimum of eight weeks, were randomly selected and
then injected subcutaneously with ivermectin (Ivomec
Classic Injection for Cattle and Sheep 10 mg/ml, Boeh-
ringer Ingelheim Vetmedica GmbH) by a private veterin-
ary practitioner using an injection syringe. Calves were
treated in accordance with their live weight (day 0) as
determined with the aid of a weigh tape at a dosage rate
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of 1 ml of the product per 50 kg of live weight. All dos-
age volumes were rounded up to the nearest millilitre.
Calves were individually rectal faecal sampled on both
day 0 and day 14. Faecal egg counts were determined
using the Mini-FLOTAC technique [11] (limit of detec-
tion of five eggs per gram of faeces (EPG)). Data were
analysed using the ‘shiny-eggCounts’ package (http://
shiny.math.uzh.ch/user/furrer/shinyas/shiny-eggCounts/
). Composite faecal cultures for each farm were per-
formed (2 g of faeces per calf ) on each sampling occa-
sion to determine the composition of nematode genera
in each treatment group. Cultures were incubated at 27 °
C for eight days and 100 L3 larvae per culture were iden-
tified to genus level using standard identification keys
[12] on recovery. All L3 larvae were identified when
counts were less than 100. A questionnaire (see Add-
itional file 1) was also prepared so that details of parasite
control practices and grazing management strategies for
FSG calves on each farm could be recorded.

Results and discussion
Across all farms, the mean (arithmetic) FEC on day 0
did not exceed 100 EPG (Table 1). The FEC reduc-
tions (mode) ranged from 17.3–80.2% with the lower
95% confidence limit ranging from 3.1–72.3% on the
four farms, respectively. Cooperia L3 larvae were de-
tected in all four post-treatment faecal cultures (Table 2),
with both Ostertagia and Bunostomum L3 larvae also be-
ing identified in the post-treatment faecal culture from
Farm 2.
With regard to the survey conducted, none of the

farmers had previously used either faecal egg counting
or calf growth rates as a guide to determine the need for
anthelmintic treatment. All four farmers reported using
the ‘dose and move’ system, with all calves in the group
being treated at the same time with anthelmintics prior
to moving to silage aftermath. All anthelmintic treat-
ments given to FGS calves in the previous year were for
preventive purposes only using an avermectin-based
product, with the first treatment on two of the farms
given at six weeks post turnout. Three of the farmers re-
ported that they treat FGS calves a minimum of three

times in the first year, while three also use the same par-
cel of grazing land each year for FGS calves. On two
farms, calves were turned out to pasture in May while
on the other two farms the month of turnout was March
and April, respectively.
Using standardised criteria for defining the occurrence

of AR [10], we report the presence of ivermectin resist-
ant nematodes on all four study farms. None of these
farms had previously reported issues of anthelmintic
treatment failure. Despite the reporting of resistance by
Cooperia to MLs now being a relatively common occur-
rence [3], cases of Ostertagia resistance to MLs as re-
ported here, are much less frequent [13, 14]. Although
Cooperia infections can potentially affect animal per-
formance [15, 16], Ostertagia is still a much more sig-
nificant parasite of FGS cattle, and any decline in the
treatment efficacy of an anthelmintic in treating this
parasitic infection can lead to significant penalties with
regard to animal health, welfare and performance. It is
difficult to determine what level of importance should
be ascribed to the presence of Bunostomum spp. in the
post-treatment culture of Farm 2 given that only one L3
larvae was detected, while no L3 larvae of this genus
were observed in the pre-treatment faecal culture.
Furthermore, it is important to state that caution al-
ways needs to be exercised with regard to the inter-
pretation of faecal larval culture results given that
they may not accurately reflect the composition of
the worm burden of the host animal [17]. This may
be as a result of both the differences in the fecundity
of the worm genera and the rates of larval mortality
occurring during culture [18].
It should be recognised that a number of factors such

as sample size, the detection limit of the method used to
determine FEC, the pre-treatment FEC values, the level
of FEC aggregation within the treated group and the
method used to generate confidence intervals can influ-
ence both the detection and interpretation of treatment
efficacy/inefficacy [19, 20]. In an effort to mitigate
against the influence of some of these factors on both
test sensitivity and specificity, 15 calves were randomly
selecting for sampling on day 0. This is based on

Table 1 Details of the calves sampled and the FECRT values following ivermectin treatment

Calf details (day 0) % Reduction in faecal egg count
on day 14

Farm Sampling date No. calves sampled Mean (s.d.) calf live weight (kg) Pre-treatment FEC (arithmetic mean) 95% CI Median Mode

1 June 28th 2016 15 134 (18.6) 97 3.1–29.3 16.4 17.3

2 June 28th 2016 14 163 (25.3) 90 72.3–84.9 79.4 80.2

3 July 25th 2016 14 138 (14.8) 46 4.2–41.1 23.4 25.9

4 July 27th 2016 12 138 (10.9) 37 54.5–80.9 70 71.7

FECRT Faecal egg count reduction test
CI Confidence interval
S.D Standard deviation
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previous guidelines for conducting a FECRT (9) which
states that there should be 15 animals per treatent group
with a minimum individual FEC of 100 EPG. However, it
was not possible to include all 15 calves in the FECR cal-
culations on day 14 owing to insufficient rectal faecal
sample sizes recovered in a few cases. The decision to
conduct a FECRT using calves with low FEC values was
largely based on the reluctance of the farmers in the
study to leave their calves untreated for a prolonged
period of time, given the potential risk of dictyocaulosis
occurring under such grazing conditions [21]. It was
therefore decided to use the Mini-FLOTAC technique
for FEC determination as this method has a considerably
lower detection limit compared to the standard McMas-
ter method (limit of detection of 50 EPG) and this would
help to offset the negative influence of the low
pre-treatment FEC values in determining the true effi-
cacy of ivermectin in this study.
A number of the parasite control practices and grazing

management strategies employed by the farmers in this
study favoured the development of AR. The ‘dose and
move’ system [22] which was previously advocated as a
parasite avoidance strategy may actually accelerate the
development of AR as the only surviving nematodes that
will seed the new pasture with eggs will be resistant
types [23]. In addition, the use of anthelmintics on a pre-
ventive basis only and the failure to use common
markers of parasitic infection such as FEC determination
or measuring calf performance may result in potential
overuse of anthelmintics. Indeed, an overuse of anthel-
mintics may hasten the development of AR by reducing
the population of nematodes in refugia. The in refugia
population refers to that portion of the nematode popu-
lation not exposed to anthelmintic treatment [24].
The ultimate challenge in controlling nematode chal-

lenge in calves is to strike a balance between calf per-
formance and maintaining the size of the population in
refugia. This involves the regular monitoring of livestock

throughout the grazing season for evidence of parasitism
with commonly used markers such as FEC. Although
FEC in general are not a reliable guide of the parasite
burden of a calf as faecal egg output conforms to a
stereotypic excretion pattern independent of the nature
of the infection [25], whereby an initial increase in egg
output is followed by a subsequent decrease which oc-
curs logarithmically [26]. This is as a result of the fe-
cundity of female nematodes being governed by a
density-dependent mechanism which appears to involve
the host animal [27]. However, it has subsequently been
determined that the control of egg output in female
nematodes by density-dependent mechanisms in the
early stages of the grazing season appears to be minimal
[28] and FEC do accurately reflect the level of challenge
experienced by calves in the first two months of the
grazing season. As a result, FEC measured two months
post turnout are a useful tool in predicting the level of
parasitic challenge in the latter half of the grazing season
[28] and may potentially be used as a guide as to
whether clinical parasitism may arise later in the season
[29]. This can be used as a basis for determining the
need for anthelmintic treatment.

Conclusions
The detection of the presence of ML-resistant nematodes
on all four farms, and in particular Ostertagia resistance
to ivermectin on one farm, should serve as a timely re-
minder that greater efforts need to be made to delay the
development of further resistance to commonly used an-
thelmintics on Irish farms. With this in mind, a more tar-
geted approach to the control of GIN infections is
advocated, providing producers are aware of the risk of
dictyocaulosis occurring under these grazing conditions.

Additional file

Additional file 1: Questionnaire used to generate the survey data.
(DOCX 16 kb)

Acknowledgements
The authors would like to acknowledge and thank the four farmers who
participated in the study and Kilkenny Regional Veterinary Laboratory staff, in
particular Seamus Dooley and Tom Mullins, for their help and support.

Funding
Funding was provided by the Department of Agriculture, Food and the
Marine and Archersfield Veterinary Clinic, Kilkenny.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
J’OS, MS, MC and WB contributed to study design. YD, JL and MS visited the
farms and collected all the faecal samples and survey data. TDW advised on
data analysis. MD, CH, YD and J’OS analysed the data and examined the

Table 2 Nematode genera identified in composite pre- and
post-treatment faecal cultures on four farms

Farm

1 2 3 4

Day Nematode genus and no. of L3 larvae per faecal culture

0 Cooperia 29 26 37 36

Ostertagia 71 73 63 62

Trichostrongylus 0 1 0 2

Bunostomum 0 0 0 0

14 Cooperia 31 30 47 25

Ostertagia 0 8 0 0

Trichostrongylus 0 0 0 0

Bunostomum 0 1 0 0

O’Shaughnessy et al. Irish Veterinary Journal            (2019) 72:4 Page 3 of 4

https://doi.org/10.1186/s13620-019-0142-8


samples. J’OS wrote the manuscript. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
This study was outside the scope of the scientific animal protection
legislation and therefore a HPRA project authorisation under scientific animal
protection legislation was not required in order to conduct this study.

Consent for publication
The authors provide consent for publication of this material.

Competing interests
The authors declare they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Central Veterinary Research Laboratory, Department of Agriculture, Food
and the Marine Laboratories, Backweston, Celbridge, Co. Kildare, Ireland.
2School of Veterinary Medicine, University College Dublin, Belfield, Dublin 4,
Ireland. 3Archersfield Veterinary Clinic, Archersfield, Castle Rd, Kilkenny,
Ireland. 4Department of Agriculture, Food and the Marine, Kilkenny Regional
Veterinary Laboratory, Hebron Road, Kilkenny, Ireland.

Received: 7 February 2019 Accepted: 5 May 2019

References
1. Gasbarre LC. Anthelmintic resistance in cattle nematodes in the US. Vet

Parasitol. 2014;204(1–2):3–11.
2. Rose H, Rinaldi L, Bosco A, Mavrot F, de Waal T, Skuce P, et al. Widespread

anthelmintic resistance in European farmed ruminants: a systematic review.
Vet Rec. 2015;176(21):546.

3. Kaplan RM, Vidyashankar AN. An inconvenient truth: global worming and
anthelmintic resistance. Vet Parasitol. 2012;186(1–2):70–8.

4. Charlier J, Demeler J, Höglund J, von Samson-Himmelstjerna G, Dorny P,
Vercruysse J. Ostertagia ostertagi in first-season grazing cattle in Belgium,
Germany and Sweden: general levels of infection and related management
practices. Vet Parasitol. 2010;171(1–2):91–8.

5. Barton CHJ, Dale EF, Dixon C, Coles GC. Survey of parasite control on beef
farms in south-West England. Vet Rec. 2006;159:682–4.

6. Barth D. Persistent anthelmintic effect of ivermectin in cattle. Vet Rec. 1983;
113(13):300.

7. Armour J, Bairden K, Batty A, Davison C, Ross D. Persistent anthelmintic
activity of ivermectin in cattle. Vet Rec. 1985;116(6):151–3.

8. O'Shaughnessy J, Earley B, Mee JF, Doherty ML, Crosson P, Barrett D, et al.
Detection of anthelmintic resistance on two Irish beef research farms. Vet
Rec. 2014;175(5):120.

9. Coles GC, Jackson F, Pomroy WE, Prichard RK, von Samson-Himmelstjerna G,
Silvestre A, et al. The detection of anthelmintic resistance in nematodes of
veterinary importance. Vet Parasitol. 2006;136(3–4):167–85.

10. Coles GC, Bauer C, Borgsteede FHM, Geerts S, Klei TR, Taylor MA, et al.
World Association for the Advancement of veterinary parasitology (W.A.A.V.
P.) methods for the detection of anthelmintic resistance in nematodes of
veterinary importance. Vet Parasitol. 1992;44(1–2):35–44.

11. Barda BD, Rinaldi L, Ianniello D, Zepherine H, Salvo F, Sadutshang T, et
al. Mini-FLOTAC, an innovative direct diagnostic technique for intestinal
parasitic infections: experience from the field. PLoS Negl Trop Dis. 2013;
7(8):e2344.

12. van Wyk JA, Mayhew E. Morphological identification of parasitic nematode
infective larvae of small ruminants and cattle: a practical lab guide.
Onderstepoort J Vet Res. 2013;80(1):539.

13. Waghorn TS, Miller CM, Leathwick DM. Confirmation of ivermectin
resistance in Ostertagia ostertagi in cattle in New Zealand. Vet Parasitol.
2016;229:139–43.

14. Edmonds MD, Johnson EG, Edmonds JD. Anthelmintic resistance of
Ostertagia ostertagi and Cooperia oncophora to macrocyclic lactones in
cattle from the western United States. Vet Parasitol. 2010;170(3–4):224–9.

15. Stromberg BE, Gasbarre LC, Waite A, Bechtol DT, Brown MS, Robinson NA,
et al. Cooperia punctata: effect on cattle productivity? Vet Parasitol. 2012;
183(3–4):284–91.

16. Armour J, Bairden K, Holmes PH, Parkins J, Ploeger H, Salman SK, et al.
Pathophysiological and parasitological studies on Cooperia oncophora
infections in calves. Res Vet Sci. 1987;42:373–81.

17. Brunsdon RV. Trichostrongyle worm infection in cattle: further studies on
problems of diagnosis and on seasonal patterns of occurrence. N Z Vet J.
1971;19(9):203–12.

18. Dobson RJ, Barnes EH, Birclijin SD, Gill JH. The survival of Ostertagia
circumcincta and Trichostrongylus colubriformis in faecal culture as a source
of bias in apportioning egg counts to worm species. Int J Parasitol. 1992;
22(7):1005–8.

19. Levecke B, Dobson RJ, Speybroeck N, Vercruysse J, Charlier J. Novel insights
in the faecal egg count reduction test for monitoring drug efficacy against
gastrointestinal nematodes of veterinary importance. Vet Parasitol. 2012;
188(3–4):391–6.

20. Love JW, Kelly LA, Lester HE, Nanjiani I, Taylor MA, Robertson C.
Investigating anthelmintic efficacy against gastrointestinal nematodes in
cattle by considering appropriate probability distributions for faecal egg
count data. Int J Parasitol Drugs Drug Resist. 2017;7(1):71–82.

21. O'Shaughnessy J, Earley B, Mee JF, Doherty ML, Crosson P, Barrett D, et al.
Controlling nematodes in dairy calves using targeted selective treatments.
Vet Parasitol. 2015;209(3):221–8.

22. Michel J. The control of some nematode infections in calves. Vet Rec. 1969;
85(12):326–9.

23. Coles GC. Cattle nematodes resistant to anthelmintics: why so few cases?
Veterinary Research - Les Ulis. 2002;33(5):481–9.

24. Van Wyk JA, Hoste H, Kaplan RM, Besier RB. Targeted selective treatment for
worm management—how do we sell rational programs to farmers? Vet
Parasitol. 2006;139:336–46.

25. Eysker M, Ploeger HW. Value of present diagnostic methods for
gastrointestinal nematode infections in ruminants. Parasitology. 2000;
120(07):109–19.

26. Michel J. The epidemiology of some nematode infections in calves. Vet Rec.
1969;85(12):323–6.

27. Michel J. Faecal egg counts in infections of gastrointestinal nematodes in
cows. Vet Rec. 1968;82:132–3.

28. Ploeger HW, Kloosterman A, Rietveld FW, Berghen P, Hilderson H,
Hollanders W. Quantitative estimation of the level of exposure to
gastrointestinal nematode infection in first-year calves. Vet Parasitol. 1994;
55(4):287–315.

29. Shaw DJ, Vercruysse J, Claerebout E, Agneessens J, Dorny P. Gastrointestinal
nematode infections of first-season grazing calves in Belgium: general
patterns and the effect of chemoprophylaxis. Vet Parasitol. 1997;69(1–2):
103–16.

O’Shaughnessy et al. Irish Veterinary Journal            (2019) 72:4 Page 4 of 4


	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Additional file
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

