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Abstract 

Background: According to targeted treatment (TT), the whole flock is dewormed based on knowledge of the risk, 
or parameters that quantify the mean level of infection, whereas according to targeted selective treatment (TST), 
only individual animals within the grazing group are treated, based on parasitological, production and/or morbidity 
parameters. The aim of this study was to compare two different treatment protocols on sheep farms in Lithuania. The 
study was conducted from 15 April to 31 October 2014 on three sheep farms. On the TT (the whole flock) and T(S)
T (with FECs ≥ 300, respectively) farms all adult animals were treated orally with fenbendazole irrespective of EPG 
counts before the grazing season. The second treatment was applied with injectable ivermectin on both farms. How-
ever, on the TT farm all sheep were also treated on 2nd August regardless of their EPG counts, while on the T(S)T farm 
only those animals with an EPG ≥ 300 were treated on 1 July using a threshold of ≥ 300 EPG. No treatments were 
administered on the control farm (n = 1) during the study.

Results: Spring treatment of ewes significantly reduced nematode faecal egg counts (FEC) both on the TT and T(S)T 
farms, with the benefit of lowering pasture contamination with infective  L3 stage larvae at the start of grazing season, 
while it remained significantly higher on the control farm. The positive effect of the spring treatment of ewes was 
reflected by increased body weight gains (BWG) in lambs in the first half of the grazing season. Following the second 
treatment, the weight gains in lambs on the T(S)T farm were higher compared to lambs on the TT farm, while BWG in 
the control lambs started to decrease. The difference was also substantiated by the body condition scores (BCS) and 
dag scores (DS) of lambs, which were highest on the T(S)T farm compared with those on the control and TT farms.

Conclusions: The results of this study show that both treatment strategies were useful in reducing clinical effects (BCS 
and DS) of gastrointestinal nematode parasitism and increasing the performance in lambs. Furthermore, on the T(S)T farm 
some of animals were left in refugia, helping to slow down the development of anthelmintic resistance (AR) in future.
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Background
Gastrointestinal nematodes (GIN) have a worldwide dis-
tribution and are one of the main constraints in small 
ruminant production on grass [1–3]. Due to intensive use 

of anthelmintics, under-dosing and repeated treatments 
with the same anthelmintics, anthelmintic resistance 
(AR) presents an increasing challenge also in mainland 
Europe [4]. Anthelmintic resistance to each of the three 
established anthelmintic families has been recorded 
in GIN of sheep in many European countries, mainly 
against benzimidazoles [5–18], but recently also to mac-
rocyclic lactones [7–11, 14, 16–18] and occasionally 
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also to imidazothiazoles [8, 15, 16]. In United Kingdom 
there are also records of multiresistant worm populations 
[9, 10]. Reasons for applying TT and TST approaches 
is to effectively control nematode-induced production 
impacts, while preserving anthelmintic efficacy by main-
taining a pool of untreated parasites in refugia [19]. More 
specifically TST approaches are applied to prolong the 
efficacy of anthelmintics and to avoid development of AR 
[20, 21]. Based on management strategies that employ 
refugia-based methods in which only a proportion of 
the flock is treated at any one time [21, 22]. According 
to TST the ability to effectively target anthelmintic use 
relies on the identification of those animals that will ben-
efit most from treatment [22]. Accordingly TST requires 
diagnostic markers of GIN infection based on parasito-
logical markers (such as faecal egg counts FEC or specific 
antibody levels), pathophysiological markers (such as 
diarrhoea and anaemia), production parameters (such as 
weight gain or milk and wool production), and/or mor-
bidity parameters (such as BCS) [2, 21–25]. However, 
each specific TT/T(S)T strategy must be adjusted to local 
farming conditions. Important challenges are to define 
the combination of diagnostic marker(s) that can be used 
for identification of the groups or individuals that need 
to be treated, but also to determine treatment thresholds 
[26–28].

The aim of this study was to compare and to evaluate 
two different treatment systems on two sheep farms (a 
TT regimen versus a T(S)T) and to compare these with 
the situation on an untreated control farm using parasi-
tological (FEC), production (BWG) and morbidity mark-
ers (BCS, DS) in growing lambs.

Methods
Trial design
The study was conducted during the grazing period 
from 15 April to 31 October 2014. Three sheep farms in 
the district of Prienai (54.72509, 24.049087 (WGS)) in 
the southern Lithuania were enrolled. On the TT and 
T(S)T farms, different treatment regimens were applied 
based on FEC, while no treatments were administered 
on the control farm during the course of the study. The 
T(S)T strategy consisted of: first a TT of the whole flock 
(before turn-out in spring) and then a TST but only of 
those animals with trichostrongylid FEC ≥  300 eggs/g 
faeces (EPG) in early July. The size of the flocks was 24, 
57 and 28 animals, respectively. The farms were com-
parable in terms of grazing density (6–10 animals per 
hectare, including lambs), sheep breeds (i.e. Lithuanian 
black-headed, Romanov and crossbreeds), location (the 
distance between the farms was max. 15  km) and a set 
stocked grazing system (i.e. no pasture rotation).

On all three farms the lambs were grazing with ewes 
from 15 to 25 April until the end of October. The farms 
were visited every 2  weeks and individual faecal sam-
ples were collected from the rectum of all animals on 
the farms on each occasion. The lambs were weighed, 
and their BCS and DS (i.e. faecal material adhering to 
the breech area) was also estimated. Three replicates of 
approximately 400  g samples of herbage were collected 
from each pasture to determine the contamination with 
 L3 larvae.

Farms and animals
On the TT farm, 24 mix-breeds of Romanov and Lithu-
anian black-headed sheep (10 adult and 14 lambs) grazed 
on the 2.3-hectare pasture (339  kg/ha). In the previous 
4 years the animals had been treated with injectable iver-
mectin  (Biomectin® 1%, Poland) twice a year (spring and 
autumn) before turn-out and at housing according to the 
manufactures recommendations.

The T(S)T farm, had 57 (21 adult and 36 lambs) Lithua-
nian black-headed, Romanov and crossbreeds with Berri-
chon du Cher animals grazed on the 5.7-hectare pasture 
(371 kg/ha), which during the previous 8 years had been 
treated with injectable ivermectin as described above.

On the control (C) farm 28 animals (13 adult and 
15 young animals), mostly Romanov and crossbreeds, 
grazed on the 3-hectare pasture (273 kg/ha). The animals 
had not been treated with anthelmintics the previous 
6 years.

The age of lambs at the start of the study was 4–8, 2–12 
and 4–8  weeks on the TT, T(S)T and C farms respec-
tively. A total of 8 lambs both in the TT and T(S)T flocks, 
weighing 35–50  kg, were withdrawn from the study for 
slaughter from early August.

On all three farms the mating season began at the end 
of August or October. The animals on all farms were 
examined for the presence of Fasciola and lungworm 
infection on two occasions (April and September). In 
addition, the parasites on all farms were examined before 
the study for the presence of ivermectin and benzimi-
dazole resistance using in vitro methods [11, 17]. It was 
then confirmed that the nematode parasites were suscep-
tible to both anthelmintics used in this study.

The study was performed in compliance with Lithu-
anian animal welfare regulations (No. B1-866, 2012; No. 
XI-2271, 2012) and was approved by the Lithuanian 
Committee of Veterinary Medicine and Zootechnic Sci-
ences (Protocol No. 07/2010).

Treatments
Faecal samples were collected from both ewes and lambs 
and the average EPGs were calculated for each farm. As a 
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part of the trichostrongylid control programme and due 
to Moniezia infection, all the adult animals were treated 
orally with fenbendazole at a dose rate of 7.5  mg/kg of 
body weight  (Panacur® granules, Netherlands). This was 
done before the grazing season (at the end of April) on 
both the TT and T(S)T farms and irrespective of EPG 
counts.

The second treatment was applied with injectable iver-
mectin  (Biomectin® 1%, Poland) subcutaneously behind 
the scapula at a dose of 0.2 mg/kg body weight on both 
farms. On the TT farm all ewes and lambs were treated 
on 2nd August regardless of their EPG counts, while on 
the T(S)T farm only those animals with an EPG ≥  300 
were treated on 1st July.

Parasitological analyses and measurements
Faecal samples were stored at + 4 °C and analysed within 
2  days using a modified McMaster technique with zinc 
chloride (density 1.4) and a diagnostic sensitivity of 20 
EPG [29, 30].

On each sampling occasion faecal cultures were pre-
pared in triplicates separately for ewes and lambs on 
each farm. Ten grams of faeces were mixed with 10 g of 
vermiculite and incubated for 7 days at 27 °C meanwhile 
water was added to maintain an adequate moisture level. 
Then third-stage larvae  (L3) were recovered from the 
coprocultures using a Baermann technique [31]. Totally 
100  L3 were identified to species or genera by microscopy 
according to [32, 33].

Three replicate herbage samples weighing approxi-
mately 400 g were collected from the pasture grazed by 
sheep on each farm bi-weekly. Herbage samples were col-
lected every 10–20 steps by walking across the pasture in 
a W-shaped pattern. Grass within 20 cm of faecal pellets 
was avoided. Larvae were isolated as described in [34] 
and counted, and the results expressed as the number of 
 L3 per kg of dried grass.

On each sampling occasion, BWG and BCS (on a scale 
of 1–5 with 0.5 unit intervals) were recorded for lambs, 
as described by Campbell et  al. [35]. Dag scores were 
assessed according to guidelines from Australian Wool 
Innovation [36] on a five-point scale: 1—no dags to 5—
extensive dags.

Statistical and meteorological analyses
Descriptive statistics were calculated using  Microsoft® 
Excel 2007. The differences in FEC, weight gains in 
lambs, dag scores and body condition scores between 
farms were analysed using a repeated measures analysis 
of variance (ANOVA) in BMI SPSS Statistics 21 version.

Data on monthly precipitation and average tempera-
tures were obtained from the meteorological station situ-
ated 5–15 km from the examined farms.

Results
Eggs in faeces
At the start of the study the average number of trichos-
trongyle EPG in ewes faeces was 283 ± 17, 378 ± 31 and 
3440 ± 5865 on the TT, T(S)T and C farms, respectively. 
Thereafter FEC decreased in the first half of May in the 
control ewes, reaching its lowest level of 340 ± 437 EPG 
in the middle of June in comparison with TT and T(S)T 
farms (P < 0.05). Furthermore the number of trichostron-
gyle eggs in ewes has increased significantly (P < 0.01) to 
a level of 978 ± 1415 EPG in July on the untreated C farm 
compared to those on the TT and T(S)T farms. Mean-
while the FEC were very low in ewes both on the TT and 
T(S)T farms, and never exceeded 28 ± 31 and 63 ± 127 
respectively (Fig. 1).

At the start of the study, no nematode eggs were found 
in the lambs on any of the farms (Fig.  2). EPG counts 
then increased on the C farm, reaching the peak value of 
3500 ± 6950 EPG in the middle of July and was signifi-
cantly higher (P < 0.001) when compared to those on the 
TT and T(S)T farms. In contrast, there were no signifi-
cant differences in FEC between the TT and T(S)T farms 
in ewes and lambs. Nematodirus spp. eggs were in gen-
eral consistently low and did never exceed 100 EPG on 
the C and TT farms. The only exception was on the T(S)
T farm in June, with numbers exceeding 300 EPG in five 
animals.

The trichostrongyle nematode population consisted 
mainly of Teladorsagia (54.9% vs. 46.7%), Trichostron-
gylus (11.6% vs. 21.4%), Cooperia (15.9% vs. 20%), Hae-
monchus (8.7% vs. 6.3%), Oesophagostomum (6.8% vs. 
4.2%) and Chabertia (2.1% vs. 1.4%) in ewes and lambs, 
respectively. Teladorsagia was the dominant genus on 
all farms. The highest prevalence of Teladorsagia were 
found in May in the ewes and lambs on the C farm (76% 
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vs. 82%), on the TT farm (52.3% vs. 46.7%) in June and on 
the T(S)T farm (60.7% vs. 58%) in August. Shedding of 
Haemonchus eggs started in June and the highest prev-
alence was recorded on the C farm in ewes (29.4%) and 
lambs (30.7%) in October.

Pasture contamination
In early May the number of infective  L3 stage larvae was 
low (118–178  L3/kg of dry grass) on all farms (Fig.  3). 
Later it peaked in the middle of July on the TT (581 L3/
kg of dry grass) and T(S)T (1206  L3/kg of dry grass) 
farms, while pasture contamination on the C farm con-
sistently increased during the grazing season to a peak 
value of 767  L3/kg of dry grass in early September. Infec-
tive larvae on pastures of the TT, T(S)T and C farms 
consisted of Teladorsagia (42.3, 48.7 and 66.2%), Nema-
todirus (41.7, 28.8 and 13.7%), Trichostrongylus (6.4, 6.1 
and 5.0%), Cooperia (7.9, 7.3 and 2.7%), Haemonchus (0, 
0 and 12.1%), Oesophagostomum (1.7, 6.3 and 0.3%) and 
Chabertia (0, 2.8 and 0%) respectively.

Meteorological and other observations
During the study rainfall was elevated, with precipita-
tion of around 83, 84 and 116 mm when compared with 
an average value of 54, 63 and 74 mm in May, June and 
August respectively. The temperature was slightly ele-
vated (20.9 and 18.5  °C) on all farms when compared 
with an average value of 17.1 and 16.2  °C in July and 
August respectively. There was a constant snow cover on 
the pastures from the end of December until the end of 
March before the study.

Mean weight gains in lambs
The average mean daily BWG were comparable in 
lambs on the control farm (0.17  kg/day) and the TT 
farm (0.18  kg/day) during the first 2  weeks of May, 
whereas it was significantly (P < 0.001) higher (0.27 kg/

day) on the T(S)T farm. In July BWG decreased to 0.1, 
0.06 and 0.06  kg per day in the TT, T(S)T and control 
farms respectively. From then on the BWG recovered in 
all groups to a level of 0.26, 0.35 and 0.24 kg per day in 
the TT, T(S)T and C farms respectively in the first half 
of August, followed by a decrease towards the end of the 
grazing season (Fig. 4).

Following the second treatment, the average BWG 
increased from 0.16 to 0.24  kg/day on the T(S)T farm 
(P  <  0.05), while they remained comparable (0.15  kg/
day vs. 0.14  kg/day) in the animals on the TT farm. 
Meanwhile the average BWG has decreased (0.13  kg/
day vs. 0.12 kg/day) on the C farm. Accordingly, the aver-
age BWG were significantly higher both on the T(S)T 
(P < 0.001) and TT farms (P < 0.01) than on the C farm.

Body condition score
Average BCS in lambs were 3.1 ± 0.28, 3.59 ± 0.32 and 
2.89 ±  0.23 on the TT, T(S)T and C farms respectively. 
Following the second treatment on the T(S)T farm, 
the BCS has improved gradually (P  >  0.05) from 3.4 to 
3.8 ±  0.12 in lambs, while after some fluctuations BCS 
remained at 3.1 in the lambs on the TT farm. The average 
BCS in ewes followed a similar pattern to those of lambs. 
Following the second treatment the BC score improved 
gradually from 3.1 to 3.3 ± 0.25 in ewes on the TT farm, 
while BCS remained at a comparable level of 3.9 ± 0.55 
on the T(S)T farm. The average BCS was significantly 
(P < 0.05) higher on the T(S)T and TT farm when com-
pared to those on the C farm.

Dag scores
At the start of the study the average DS on the C farm 
were high both in lambs (3.2 ± 0.5) and ewes (3.4 ± 0.5), 
while animals on the TT and T(S)T farms were in general 
cleaner. Both on the TT and T(S)T farms DS remained 
negligible throughout the study and never exceeded 2 
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(lightly dagged). The only exception was on the T(S)
T farm where some lambs had the highest dag score (3) 
starting from August until the end of grazing season. 
However, the average dag score in lambs on the T(S)T 
farm remained below 2. On the C farm at least one ani-
mal had a dag score of 3 or 4 (extensively dagged), includ-
ing lambs and adult animals at every estimation point 
during the grazing season.

Discussion
Traditionally a strategic treatment approach with up 
to two to three treatments per year in ewes is used on 
most Lithuanian sheep farms [18, 22]. The main purpose 
of targeted (selective) treatment approaches is to opti-
mise anthelmintic usage, leave some parasites in refugia 
and thereby slow down the selection for anthelmintic 
resistance [19]. Maintenance of the parasite population 
in refugia is now considered one of the most important 
factors in slowing down the development of AR and 
should be included in any potential prophylactic control 
programme suggested for nematode parasites [21]. In 
the present study, combinations of strategic and tactical 
treatments were evaluated in comparison with untreated 
control animals.

The larvae of Teladorsagia survive on pasture during 
the winters in Lithuania. This results in an early pasture 
contamination with infective  L3, as has previously been 
recorded in Lithuania on pastures grazed by sika deer 
[37] and goats [38]. The initial aim of the present study 
was to avoid early pasture contamination by ewes at the 
start of the grazing season. To achieve this, all ewes on 
the TT and T(S)T farms were treated with fenbendazole 
before turn-out.

In the present study, Teladorsagia was the most preva-
lent genus, irrespective of the farm and age of animals. 
The highest concentration of Teladorsagia  L3 larvae were 
isolated from grass sampled in May. Infective larvae of 

Haemonchus were only observed on the control farm 
(16.3% in lambs and 22.4% in ewes faeces, respectively), 
resulting in consistently low (12.1%) pasture contamina-
tion during the study.

At the start of the study, we observed a dramatic 
increase in FEC of the ewes. This rise was very pro-
nounced especially on the C farm (3440 ±  5865 EPG), 
while it was significantly lower (P  <  0.001) on the TT 
(283 ± 17 EPG) and T(S)T (378 ± 31 EPG) farms. After 
treatment of ewes in the spring FEC decreased and never 
exceeded 28 ±  31 and 63 ±  127 on the TT and T(S)T 
farms respectively. As anticipated before the study, the 
spring treatment resulted in lower pasture contamination 
with  L3 both on the TT and T(S)T farms than on the C 
farm, thus preventing larval exposure resulting in high 
infection levels in lambs. However, grass height was sig-
nificantly reduced due to low precipitation and elevated 
temperatures on the T(S)T and TT farms in July, result-
ing in a significant increase in pasture contamination for 
a short period in the middle of July. This could also partly 
be attributed to higher grazing pressure on both farms 
when compared to those on the control farm.

The clinical manifestation of trichostrongylid infec-
tion can usually be observed in young kids, since a fully 
expressed immune response against GIN normally 
appears at the age of 12 months [1]. The EPG of trichos-
trongylids was also significantly higher in lambs com-
pared to ewes. The number of trichostrongylid eggs in 
lambs was highest on the control farm during the study 
when compared to those on the TT and T(S)T farms 
(P < 0.001) due to continuous pasture contamination. On 
the C farm FEC increased steeply (P  <  0.001) until the 
end of July, reaching a peak of 3500 ± 6950 EPG. How-
ever, this was attributed to a few lambs on the C farm 
having extremely high EPG counts (> 10,000). The domi-
nant GIN genera on the control farm in lambs during 
July were Teladorsagia but to a lesser extend also Hae-
monchus. However, due to low infection level the clini-
cal signs (anaemia) related to Haemonchus infection in 
lambs was not recorded on C farm.

On the TT farm, all animals were treated a second time 
on 2nd August irrespective of EPG counts. In contrast, 
the need for a second treatment was assessed based on 
FEC on the T(S)T farm and therefore only animals with 
≥  300 EPG were treated. Following the second treat-
ment in August, the EPG on the TT farm decreased and 
remained below 33 for the remainder of the study. On the 
T(S)T farm, 14.3% of ewes and 25.0% of lambs with EPG 
≥ 300 were treated in July. However, the average FEC on 
the TT (32.7 and 93.5) and T(S)T farms (60.5 and 79.2) 
were comparable at every sampling occasion, while it was 
significantly higher (P < 0.05) both in the ewes (845) and 
lambs (1109) on the C farm.
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Despite differences in the quality of pasture and graz-
ing density, the average BWG at housing were highest in 
lambs on the T(S)T farm (P < 0.001), followed by those 
on the TT (P < 0.001) farm, when compared to those on 
the C farm. Due to the low grazing pressure, the pasture 
contamination with  L3 was low but also delayed on the C 
farm. However the control animals still developed clini-
cal signs of GIN infection. The spring treatment of the 
ewes on the TT and T(S)T farms clearly had a significant 
impact and reduced the shedding of nematode eggs on 
both farms. Thus, this had a beneficial impact and low-
ered the pasture contamination with infective  L3 at the 
start of the grazing season, while it remained significantly 
higher on the C farm. The positive effects of the spring 
treatment of ewes were also reflected in increased BWG 
in lambs during the first half of the grazing season. Fol-
lowing the second treatment BWG in lambs on the T(S)T 
farm peaked (from 0.16 to 0.24 kg) (P < 0.05) when com-
pared to lambs on the TT farm, while the control lambs 
gained weight but at a slower rate. These differences were 
also substantiated by the BC scores of lambs, which were 
highest on the T(S)T farm when compared to those on 
the control and TT farms (P < 0.05).

Conclusions
The results of this study show that targeted (selec-
tive) treatment strategy is useful in reducing the clinical 
effects of gastrointestinal parasitism and increased the 
performance especially of the lambs. On the T(S)T farm 
some animals were left in refugia. T(S)T also resulted in 
77% less anthelmintics being used compared to the TT 
farm, which in itself may slow down the selection for 
AR. However, more precise studies are required involv-
ing larger flocks on comparable pastures before any final 
recommendations for the application of T(S)T strategies 
can be made.

Abbreviations
AR: anthelmintic resistance; BCS: body condition score; BWG: body weight 
gain; DS: dag score; EPG: eggs/g faeces; FEC: faecal egg count; GIN: gastroin-
testinal nematodes; T(S)T: targeted selective treatment; TT: targeted treatment; 
WGS: world geodetic system.

Authors’ contributions
TK and IS collected and analysed the data, performed the literature review and 
drafted the manuscript. AP and PT participated in planning and preparing the 
study design and finalised the manuscript. SP, JH and MŠ generated the study 
design, coordinated the experiment and took part in the writing. All authors 
read and approved the final manuscript.

Author details
1 Department of Veterinary Pathobiology, Veterinary Academy, Lithuanian 
University of Health Sciences, Tilzės str. 18, 47181 Kaunas, Lithuania. 2 Faculty 
of Natural Sciences, Department of Biology, Vytautas Magnus Univer-
sity, 44404 Kaunas, Lithuania. 3 Buivydiskiai Veterinary Clinic, Kliniku str. 1, 
Buivydiskių k., 14165 Vilnius, Lithuania. 4 Department of Biomedical Sciences 

and Veterinary Public Health, Swedish University of Agricultural Sciences, Sec-
tion for Parasitology, Box 7036, 750 07 Uppsala, Sweden. 

Acknowledgements
This study was supported by the Science Foundation of the Lithuanian Univer-
sity of Health Sciences (LUHS). The authors are grateful to the farms’ owners for 
their participation in the study and to the veterinary students of the Veterinary 
Academy, LUHS for their cooperation in the collection of samples.

Competing interests
The authors declare that they have no competing interests.

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

Received: 25 May 2017   Accepted: 4 October 2017

References
 1. Hoste H, Sotiraki S, Landau SY, Jackson F, Beveridge I. Goat-Nematode 

interactions: think differently. Trends Parasitol. 2010;26:376–81.
 2. Rinaldi L, Cringoli G. Parasitological and pathophysiological methods for 

selective application of anthelmintic treatments in goats. Small Rumin 
Res. 2012;103:18–22.

 3. Martinez-Valladares M, Martinez-Perez JM, Robles-Perez D, Cordero-Perez 
C, Famularo MR, Fernandez-Pato N, Castanon-Ordonez L, Rojo-Vazquez 
FA. The present status of anthelmintic resistance in gastrointestinal nema-
tode infections of sheep in the northwest of Spain by in vivo and in vitro 
techniques. Vet Parasitol. 2013;191:177–81.

 4. Varady M, Papadopoulos E, Dolinska M, Konigova A. Anthelmintic resist-
ance in parasites of small ruminants: sheep versus goats. Helminthologia. 
2011;48:137–44.

 5. Papadopoulos E, Himonas C, Coles GC. Drought and flock isolation may 
enhance the development of anthelmintic resistance in nematodes. Vet 
Parasitol. 2001;97:253–9.

 6. Alvarez-Sanchez MA, Mainar-Jaime RC, Perez-Garcia J, Monteagudo-Rod-
riguez M, Martin-Gomez S, Rojo-Vazquez FA. Anthelmintic resistance in 
small-ruminant flocks in Spain: extension in the Leon province (NW). In: 
Abstracts to the 18th International Conference of the World association 
for the Advancement of Veterinary Parasitology. Stresa; 2001. p. 155.

 7. Borgsteede FHM, Dercksen DD, Huijbers R. Doramectin and albendazole 
resistance in sheep in the Netherlands. Vet Parasitol. 2007;144:180–3.

 8. Traversa D, Paoletti B, Otranto D, Miller J. First report of multiple drug 
resistance in trichostrongyles affecting sheep under field conditions in 
Italy. Parasitol Res. 2007;101:1713–6.

 9. Bartley DJ, Nonnan AA, Jackson E, Sargison N, Mitchell GBB, Jackson F. A 
small scale survey of ivermectin resistance in sheep nematodes using 
the faecal egg count reduction test on samples collected from Scottish 
sheep. Vet Parasitol. 2006;137:112–8.

 10. Taylor MA, Learmount J, Lunn E, Morgan C, Craig BH. Multiple resistance 
to anthelmintics in sheep nematodes and comparison of methods used 
for their detection. Small Rumin Res. 2009;86:67–70.

 11. Cernanska D, Varady M, Corba J. A survey on anthelmintic resistance 
in nematode parasites of sheep in the Slovak Republic. Vet Parasitol. 
2006;135:39–45.

 12. Höglund J, Gustafsson K, Ljungström BL, Engström A, Donnan A, Skuce P. 
Anthelmintic resistance in Swedish sheep flocks based on a comparison 
of the results from the faecal egg count reduction test and resistant allele 
frequencies of the beta-tubulin gene. Vet Parasitol. 2009;6(161):60–8.

 13. Domke A, Chartier C, Gjerde B, Stuen S. Benzimidazole resistance of 
sheep nematodes in Norway confirmed through controlled efficacy test. 
Acta Vet Scand. 2012;54:48.

 14. Holm S, Sörensen C, Thamsborg S, Enemark H. Gastrointestinal 
nematodes and anthelmintic resistance in Danish goat herds. Parasite. 
2014;21:37.



Page 7 of 7Kupcinskas et al. Acta Vet Scand  (2017) 59:68 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 15. Chartier C, Soubirac F, Pors I, Silvestre A, Hubert J, Couquet C, Cabaret J. 
Prevalence of anthelmintic resistance in gastrointestinal nematodes of 
diary goats under extensive management conditions in southwestern 
France. J Helminthol. 2001;75:325–30.

 16. Kupcinskas T, Stadaliene I, Sarkunas M, Petkevicius S. Anthelmintic resist-
ance in sheep farms in Lithuania detected by in vitro micro-agar larval 
development test. Veterinarija ir zootechnika. 2015;72:21–4.

 17. Kupcinskas T, Stadaliene I, Sarkunas M, Riskeviciene V, Varady M, Hoglund 
J, Petkevicius S. Prevalence of anthelmintic resistance on Lithuanian 
sheep farms assessed by in vitro methods. Acta Vet Scand. 2015;57:88.

 18. Kupcinskas T, Stadaliene I, Trusevicius P, Varady M, Petkevicius S. Worm-
control practices and prevalence of anthelmintic resistance using 
in vivo FECRTs on smallholder sheep farms in Lithuania. Helminthologia. 
2016;53:24–30.

 19. Van Wyk JA. Refugia—overlooked as perhaps the most potent factor 
concerning the development of anthelmintic resistance. Onderstepoort J 
Vet Res. 2001;68:55–67.

 20. Soulsby L. New concepts in strongyle control and anthelmintic resist-
ance: the role of refugia. Vet J. 2007;174:6–7.

 21. Kenyon F, Greer AW, Coles GC, Cringoli G, Papadopoulos E, Cabaret J, 
Berrag B, Varady M, Van Wyk JA, Thomas E, Vercruysse J, Jackson F. The 
role of targeted selective treatments in the development of refugia-
based approaches to the control of gastrointestinal nematodes of small 
ruminants. Vet Parasitol. 2009;164:3–11.

 22. Kenyon F, Jackson F. Targeted flock/herd and individual ruminant treat-
ment approaches. Vet Parasitol. 2012;186:10–7.

 23. Van Wyk JA, Bath GF. The FAMACHA© system for managing haemon-
chosis in sheep and goats by clinically identifying individual animals for 
treatment. Vet Res. 2002;33:509–29.

 24. Hoste H, Le Frileux Y, Pommaret A. Comparison of selective and system-
atic treatments to control nematode infection of the digestive tract in 
dairy goats. Vet Parasitol. 2002;106:345–55.

 25. Cabaret J. Parasitism management in organic sheep breeding. INRA Prod 
Anim. 2004;17:145–54.

 26. Höglund J, Dahlströmb F, Sollenberga S, Hessleb A. Weight gain-based 
targeted selective treatments (TST) of gastrointestinal nematodes in first-
season grazing cattle. Vet Parasitol. 2013;196:358–65.

 27. Merlina A, Chauvina A, Madouassea A, Frogera S, Bareillea N, Chartiera 
C. Explaining variability in first grazing season heifer growth combining 
individually measured parasitological and clinical indicators with expo-
sure to gastrointestinal nematode infection based on grazing manage-
ment practice. Vet Parasitol. 2016;225:61–9.

 28. Besier RB, Love RA, Lyon J, van Burgel AJ. A targeted selective treatment 
approach for effective and sustainable sheep worm management: inves-
tigations in Western Australia. Anim Prod Sci. 2010;50:1034–42.

 29. Pereckiene A, Kaziunaitė V, Vysniauskas A, Petkevicius S, Malakauskas A, 
Sarkunas M, Taylor MA. A comparison of modifications of the McMaster 
method for the enumeration of Ascaris suum eggs in pig faecal samples. 
Vet Parasitol. 2007;149:111–6.

 30. Pereckiene A, Petkevicius S, Sarkunas M, Salomskas A. Comparitive 
analysis of modifications of the McMaster method for the enumeration 
of trichostrongylus spp. eggs in sheep faeces. Veterinarija ir zootechnika. 
2007;39:46–52.

 31. Coles GC, Bauer C, Borgsteede FHM, Geerts S, Klei TR, Taylor MA, Waller 
PJ. 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;44:35–44.

 32. MAFF (Ministry of Agriculture, Fisheries and Food). Manual of Veterinary 
Parasitology Laboratory Techniques, vol. 3. London: Ministry of Agricul-
ture, Fisheries and Food; 1986.

 33. Van Wyk JA, Cabaret J, Michael LM. Morphological identification of 
nematode larvae of small ruminants and cattle simplified. Vet Parasitol. 
2004;119:277–306.

 34. Fernandez AS, Sarkunas M, Roepstorff A. Survival of infective Ostertagia 
ostertagi larvae on pasture plots under different simulated grazing condi-
tions. Vet Parasitol. 2001;96:291–9.

 35. Campbell KLI, Garforth C, Heffernan C, Morton J, Paterson R, Rymer C, 
Upton M. Smallstock in development DFID livestock production pro-
gramme. Aylesford: Natural Resources International Ltd; 2006.

 36. Australian Wool Innovation Limited. Visual sheep scores. Version 2-2013. 
http://www.flyboss.com.au/breeding-and-selection/dag-scoring-and-
selection.php. Accessed 20 April 2016.

 37. Sarkunas M, Velickaite S, Bruzinskaite R, Malakauskas A, Petkevicius S. Fae-
cal egg output and herbage contamination with infective larvae of spe-
cies of Ostertagia and Oesophagostomum from naturally infected farmed 
sika deer Cervus Nippon in Lithuania. J Helminthol. 2007;81:79–84.

 38. Stadaliene I, Petkevicius S, Sarkunas M. The impact of grazing man-
agement on seasonal activity of gastrointestinal parasites in goats. 
Helminthologia. 2014;51:103–11.

http://www.flyboss.com.au/breeding-and-selection/dag-scoring-and-selection.php
http://www.flyboss.com.au/breeding-and-selection/dag-scoring-and-selection.php

	A comparison of two different anthelmintic treatment regimens against natural gastrointestinal nematode infections on two Lithuanian sheep farms
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Trial design
	Farms and animals
	Treatments
	Parasitological analyses and measurements
	Statistical and meteorological analyses

	Results
	Eggs in faeces
	Pasture contamination
	Meteorological and other observations
	Mean weight gains in lambs
	Body condition score
	Dag scores

	Discussion
	Conclusions
	Authors’ contributions
	References




