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A B S T R A C T

Strongylus vulgaris is considered the most pathogenic nematode parasite of the horse. Frequent deworming
programs since the 1970s have reduced the prevalence of S. vulgaris to low levels, but to the price of widespread
benzimidazole resistance in the small strongyles (cyathostominae) and ivermectin resistance especially in the
equine roundworm Parascaris spp. To slow down the progression of anthelmintic resistance in Sweden, horse
anthelmintics were made prescription only medicine in 2007 and selective therapy principles were introduced.
This means that only individuals with high egg excretion or clinical signs of helminth infection were treated
instead of blanket treatment of all horses on a farm. The aims of this study were to investigate the prevalence and
risk factors associated with S. vulgaris infection in Sweden ten years after the introduction of a selective therapy
regime. A total of 529 faecal samples from 106 farms were collected during March to June in 2016 and 2017. A
web-based questionnaire was used to collect information about deworming routines. Strongyle faecal egg counts
(FEC) were performed by McMaster and presence of S. vulgaris was demonstrated with a specific PCR on in-
dividual larval cultures. Results were analysed by mixed logistic (S. vulgaris prevalence) or linear (FEC) re-
gression models, where farm was included as random factor. The overall prevalence of S. vulgaris at individual
and farm levels was 28% and 61%, respectively. We observed a 2.9 increased odds risk of S. vulgaris infection on
farms that based their treatment on strongyle FEC only as compared to farms that complemented strongyle FECs
with larval cultures or dewormed regularly, 1–4 times per year, without prior diagnosis. We found no association
between the prevalence of S. vulgaris and strongyle FEC level, horse age, geographical region or signs of colic.
The prevalence of S. vulgaris was 25% in horses shedding ≤150 eggs per gram. Thus horses with low strongyle
FECs that are left untreated could be an important source of S. vulgaris infection. This may be an important
reason for the approximately three-fold increase in S. vulgaris prevalence since 1999 in Sweden. However, our
combined results indicate that selective therapy based on a combination of strongyle FECs and larval cultivation
was not associated with an increased risk of S. vulgaris infection. Still, S. vulgaris needs to be monitored con-
tinuously and should be taken into careful consideration when the treatment frequency is reduced.

1. Introduction

The equine industry has expanded in Sweden and the number of
horses is estimated to 350 000, which is comparable with the number of
dairy cows. Approximately 80% of the horse farms are located close to
cities (Enhäll, 2017) where extensive grazing areas are limited allowing
accumulation of parasite eggs in the paddocks.

Strongyle nematodes are ubiquitous parasites of the horse with the
large strongyle Strongylus vulgaris being considered the most pathogenic

species (Duncan, 1974). The life cycle of S. vulgaris is completed within
6–7 months and involves migration of larvae to the cranial mesenteric
arteries where they grow in size and develop during 3–4 months before
they migrate downstream to enter the lumen of the cecum/colon
(Duncan, 1974). The migrating larvae induce endarteritis in the me-
senteric arteries, which may provoke thickening of the arterial wall,
thrombus formation, infarction and necrosis. The term “thrombo-em-
bolic colic” refers to the severe clinical signs caused by detachment of
thrombus material, which is carried downstream to obliterate smaller
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arteries or arterioles causing ischemia and infarction of the corre-
sponding intestinal segment (Duncan and Pirie, 1975).

In the 1960-80 s, S. vulgaris was widespread with a prevalence of
80–100% on farm level in the USA and Scandinavia (Slocombe and
McCraw, 1973; Nilsson and Andersson, 1979; Tolliver et al., 1987).
When broad-spectrum anthelmintic drugs were introduced in the 1970-
80 s, prophylactic strategies were usually employed including several
treatments per year aiming at interrupting the life-cycle of S. vulgaris
before the female worms started to produce eggs (Love and Duncan,
1991; Drudge and Lyons, 1966). This approach was successful in con-
trolling S. vulgaris infection and the prevalence in Scandinavia de-
creased to around 5% at the individual level (Craven et al., 1998; Lind
Osterman et al., 1999). Unfortunately, these frequent treatments re-
sulted in the development of resistance against benzimidazole in small
strongyles and against ivermectin in the large roundworms Parascaris
spp. and problems with multidrug resistance have been observed in
both Europe and USA in both parasite species (reviewed by Peregrine
et al., 2014; Martin et al., 2018).

To reduce the selection pressure for drug resistance in the parasites
selective therapy was introduced in the early 2000′s. This approach is
based on anthelmintic treatment of individual horses with a strongyle
faecal egg count (FEC) exceeding a chosen cut-off value, often 200 eggs
per gram faeces (EPG) (Uhlinger, 1993). This strategy was first devel-
oped for ruminants where the problems with anthelmintic resistance
are more critical (reviewed by Kenyon et al., 2009). In horses, selective
therapy was first implemented in 1999 in Denmark and then shortly
followed by Sweden and the Netherlands (Nielsen, 2012).

The Swedish National Veterinary Institute (Swedish National
Veterinary Institute, 2018) recommends faecal analyses of all horses
before turnout in the spring and after the grazing season in the autumn.
Deworming is suggested only for horses with a strongyle EPG above 200
and/or positive for S. vulgaris and/or the equine tapeworm Anoploce-
phala perfoliata. Unfortunately, there is a risk that not all horse owners
ask for extended analyses of S. vulgaris and A. perfoliata due to economic
factors or ignorance, which could lead to neglect of S. vulgaris infec-
tions. The implementation of prescription only of anthelmintic drugs
has contributed to a drastic reduction anthelmintics sold to horses and
livestock in Sweden. In 2007, the year before prescription anthelmintic
drugs to horses and livestock was implemented by the Swedish Medical
Products Agency, 3645 kg macrocyclic lactones, benzimidazoles and
pyrantel were sold in Sweden, whereas in 2016, only 1445 kg of these
drugs were sold (Girma, 2016). However, deworming without faecal
analysis is allowed in Sweden if the veterinarian is well informed about
the management on the farm (SJVFS, 2010:17 24 §).

In Sweden, the most recent nationwide study describing the pre-
valence of S. vulgaris was conducted in 1999, 8 years before the selected
treatment regime was advocated to horse owners. That study showed a
herd prevalence of 14% based on morphological identification of larvae
on 110 farms recruited from a list of riding schools at the Swedish
Equestrian Federation and stud farms at the Breeding Association in
Sweden (Lind Osterman et al., 1999). Today many farms/horse owners
in Sweden regularly submit samples for coproscopic parasitological
analysis. However, not all of them ask specifically for S. vulgaris or A.
perfoliata identification, which possibly leads to underreporting of these
parasites.

The objectives of our study were to: (i) investigate the prevalence of
S. vulgaris after the implementation of selective therapy in Sweden; (ii)
analyse possible risk factors for S. vulgaris; (iii) obtain information
about deworming routines applied on Swedish horse farms.

2. Materials and methods

2.1. Farms

The study was performed during two consecutive years from March
to June in 2016 and 2017. The study was announced in social media

such as the Facebook pages of the Swedish National Veterinary Institute
(SVA), the Swedish University of Agricultural Sciences (SLU) and
“HästSverige” (a science-based website directed to horse owners). In
this way 20 horse farms were recruited each year from the three regions
in Sweden: south, central and north. The inclusion criteria were: (i) a
farm size of at least five horses; (ii) animal age minimum 2 years; (ii) no
anthelmintic treatment performed within six months prior to sampling;
and (iii) response to a web-based questionnaire about deworming
routines (Table 1). The first 20 farms from each region that fulfilled the
inclusion criteria were included in the study.

2.2. Faecal samples

After completing the questionnaire, faecal samples from five ran-
domly selected horses older than two years on each farm were collected
by the owners or staff working in the stable and packed according to the
recommendations from the Swedish National Veterinary Institute
(2018). Samples were then sent by regular mail to the parasitology
laboratory of SLU. Upon arrival, the samples were stored at 4 °C until
analysis within two days. Strongyle FECs were carried out for each
horse using a modified McMaster technique with a theoretical sensi-
tivity of 50 EPG (Coles et al., 1992). Nematode eggs in faecal samples
(3 g) were flotated using a saturated NaCl solution (SG = 1.18) (Coles
et al., 1992).

2.3. Strongylus vulgaris detection

Irrespective of FEC, larval cultures for detection of S. vulgaris were
performed on 50 g faeces from each horse according to Bellaw and
Nielsen (2015). In brief, faeces were mixed with an equal volume of
vermiculite (Weibulls, Sweden), tap water was added to obtain a moist
condition and samples were cultured at 20 °C for 14 d. Third stage
larvae were harvested after sedimentation for 12–16 h at 20 °C by the
inverted Petri dish method (Van Wyk and Mayhew, 2013).Pellet of
harvested L3 was performed by collecting approximately 20 ml of the
fluid into a 50 ml Falcon tube, centrifuged at 248 x g for 3 min and
discarded the supernantant. Larval DNA was extracted prior exsheath-
ment with NuceloSpin®Tissue (Macherey-Nagel, Germany) according to
the manufacturer´s instruction. Theconcentration and quality of the
DNA were analysed using Pico200 (Picodrop, United Kingdom). Sam-
ples were then screened for S. vulgaris by real time PCR using the Ro-
torgene 3000 system with QuantitecTect®SYBR® Green PCR kit (Qiagen,
Germany). Primers were synthesized by Eurofins Genomics (Germany)
according to Nielsen et al. (2008) to amplify a 171 PCR product of the
second internal transcribed spacer (ITS-2) of S. vulgaris (accession
number in GenBank: X77863.1); forward primer 5`GTATACATTAAAT
TGTGTCCCCCATTCTAG3` and reverse primer 5`TTGCAAATATCATTA

Table 1
Questionnaire data collected on the participating horse farms.

Information Descriptor

Farm location Zip code
Age of horses Years
Time since last anthelmintic treatment Months < 3; < 6; < 12; <

24; < 36; ≤ 48
Anthelmintic Drug used at last treatment
Signs of colica last 24 months Yes/No
Tested positive for Strongylus vulgaris during

the last 24 months
Yes/No

Deworming routines applied on the farm i) only after FECb

ii) after FEC and cultivation for S.
vulgaris
iii) routine deworming 1-4 times/
year

a restlessness and pawing at the ground, irritated kicking to the stomach, rolling
or attempting to roll b faecal egg count.
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GATTTGATTCTTCCG3`. The 25 μl reaction volume consisted of 5 μl
template DNA, 0.5 μM of each primer and 12.5 μl 2xQuantiTec SYBR
Green PCR master mix. The following PCR protocol was used: 95 °C for
15 min followed by a set of 40 cycles, 94 °C for 15 SI, 55 °C for 30 SI and
72 °C for 30 SI ended with melt curve analysis to verify the specificity
and identity of the PCR products. A non-template control and DNA
extracted from an adult S. vulgaris were run for each reaction. Samples
were considered as positive with a threshold value (Ct)< 38 with a
specific melt curve analyses. Samples with a Ct-value ≥38 were ver-
ified to be positive after Sanger sequencing using Macrogen Europe
(Netherlands). PCR products were prepared for sequencing using-
ExoSAP-IT™ PCR Product Cleanup Reagent (ThermoFisher) to excess
primers and nucleotides.

2.4. Statistical analyses

Before statistical analysis, strongyle FECs were clustered into the
following EPG groups: 0; 50–150; 200–500; 550–800; ≥850 and an-
imal age into the following categories: 0–5; 6–10; 11–15; 16–20 and ≥
21 years of age. Individual prevalence of S. vulgaris in relation to year of
the study, geographic region, age, EPG, time since last deworming,
deworming routine applied on the farm, colic within 24 months prior to
sampling and positive for S. vulgaris within 24 months was analysed
using a mixed logistic regression model with farm as random factor.
Confidence intervals (95%) were calculated using bootstrap sampling
simulation of farms to account for the clustering effect. Strongyle FEC in
relation to year of the study, region, age, EPG, deworming routine
applied on the farm, time since last deworming and drug used at last
treatment was analysed using a mixed linear regression model with
farm as random factor. EPG was logarithmic transformed to handle the
skewed distribution. Individual horse treatments were not included in
the mixed logistic regression model. The model fit was assessed by re-
sidual plots to determine normally distributed residuals. Since the de-
tection limit was 50 EPG, all values below this threshold were replaced
by the midpoint 25. The software R version 3.4.1 was used for all sta-
tistical calculations using the lmer function in the lme4 package in the
mixed logistic regression and the lme function in the nlme package in
the mixed linear regression (R Core Team (2017).). All statistical ana-
lyses were interpreted as statistically significant up to p-value ≤ 0.05
and a confidence interval (CI) of 95%.

3. Results

3.1. Farms

In total, 529 horses from 106 farms participated in the study; 39
farms from the south, 40 farms from the central and 27 farms from the
north of Sweden. The mean age of the horses was 11.6 (SD ± 6.3)
years and time since latest deworming ranged from 6 to 48 months,
with a mean of 16 (SD ± 12.8) months and a median of 12 months.

3.2. Prevalence of Strongylus vulgaris

Examination of 529 individual larval cultures by PCR showed an
overall S. vulgaris prevalence of 28% (95% CI: 22–33%) with a mean of
1.4 positive horses out of five examined per farm. No significant dif-
ferences were found between the years (p = 0.15); 32% (95% CI:
24–39%) in 2016, and 24% (95% CI: 16–31%) in 2017. The overall
prevalence of S. vulgaris at the farm level was 61% (95% CI: 51–70%, 65
of 106 farms), and no significant differences (Table 2) were found be-
tween the three regions; 64% (95% CI: 47–79%) in south, 60% (95% CI:
43–75%) in central, and 59% (95% CI: 39–78%) in northern Sweden.

Patent S. vulgaris infection was found in all age groups and was not
significantly correlated to strongyle FEC levels (Fig. 1A, B). Prevalence
of S. vulgaris in this study population in relation to latest deworming
was based on questionnaire data provided by the horse owners. The

prevalence tended to be positively correlated with time since the last
deworming (Fig. 1 C), but this was not statistically significant (Table 2).
A summary of the results is presented in Table 2. The only significant
risk factor found was the deworming decision applied on the farms.
Hence, no association was found between signs of colic within a period
of 24 months prior to sampling or a positive S. vulgaris test outcome.

3.3. Strongyle faecal egg counts

The strongyle FECs varied from<50 to 4500 EPG. At least one
horse on each of the 106 farms included in the study had a FEC of ≥50
EPG. Of the 529 horses 401 (76%) were shedding strongyle eggs. The
main proportion of the horses in the study were shedding less than 250
EPG, with 24% excreting below 50 EPG and 25% between 50 and 200
EPG. Fifty-one per cent of the horses were shedding>200 EPG and of
these 8% had ≥1600 EPG (Fig. 2 A).

The mean strongyle FECs in the different regions were
463(SD ± 610) EPG in the south, 420(SD ± 530) EPG in the central
and 362(SD ± 550) EPG in the north of Sweden, but they were not
significantly different between the three regions (Fig. 2B). In contrast, a
significant (p = 0.016) difference in strongyle FEC was found between
age groups (Table 3). The number of strongyle eggs was highest in
horses younger than 5 years where the median EPG was 350 (95% CI:
150-500). It then declined with increasing age and horses 16-20 years
of age had a median of 100 EPG (95% CI: 50-200). The strongyle FEC
increased to a median EPG of 250 (95% CI: 100-450) in horses older
than 20 years (Fig. 2C). There was no correlation between EPG levels
and the time from the last anthelmintic treatment (Fig. 2 D). The sta-
tistical analyses, using a mixed linear regression model with a

Table 2
Logistic regression of individual Strongylus vulgaris prevalence in Swedish
horses against individual risk factors for infection.

Investigated parameter Odds ratio
(95% aC.I.)

p-value

Year of the study 2016 REF b 0.15
2017 0.6 (0.3-1.2)

Region South REF 0.67
Central 0.9 (0.4-2.1)
North 0.6 (0.2-1.7)

Age group 0-5 REF 0.84
6-10 0.7 (0.3-1.6)
11-15 0.8 (0.3-1.6)
16-20 0.8 (0.4-1.9)
> 21 0.6 (0.2-1.5)

EPGc < 50
50-150

REF
0.7 (0.3-1.4)

0.44

200-450 0.7 (0.3-1.5)
500-800 1.3 (0.6-2.9)
≥ 850 1.1 (0.5-2.6)

Time elapsed since
deworming

6 months REF 0.51
8 months 0.6 (0.2-2.1)
10 months 0.6 (0.2-2.0)
12 months 0.7 (0.3-1.8)
24 months 1.7 (0.5-5.5)
48 months 1.1 (0.3-3.8)

Deworming routine FECd REF 0.044
FEC and cultivation for
S. vulgaris

0.3 (0.1-0.8)

Deworming 1-4 times/
year

0.5 (0.2-1.3)

Colic last 24 months e yes REF 0.94
no 1.0 (0.4-2.2)

S. vulgaris positive last 24
months

yes REF 0.13
no 1.9 (0.7-5.8)
not cultivated 2.9 (1.0-8.9)

aConfidence interval b reference sample used to calculate odds ratio within each
investigated parameter c nematode eggs per gram d faecal egg count e if the
horse had shown any signs of restlessness and pawing at the ground, irritated
kicking to the stomach, rolling or attempting to roll during the last 24 months.
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logarithmic transformation of EPG to test strongyle FECs versus various
parameters, are summarized in Table 3.

3.4. Deworming routines

Routine deworming 1–4 times per year without coproscopic analysis
was done in 22 out of 106 farms (21%)(Table 1)., Selective therapy
based on information from strongyle FECs was performed on 51 out of
106 farms (48%), and selective therapy based on both strongyle FECs
and larval cultivation was used on 33 out of 106 farms (31%). The
mean number of months that elapsed following the last treatment was
11.6 on farms that dewormed on a regular basis, 12.4 on farms that
performed strongyle FECs only, and 15.5 on farms that performed
strongyle FECs and cultivation for strongyle larvae.

A significant association (p = 0.044) was found between the pre-
valence of S. vulgaris and deworming routines with 2.9 times (95% CI:

1.2–6.9) higher odds of infection on farms using selective therapy based
on strongyle FECs only compared to farms that dewormed routinely and
farms combining strongyle FECs and larval cultivation. S. vulgaris pre-
valence was highest on farms only performing strongyle FECs; 35%
(95% CI: 26–43%) and 73% (95% CI: 59%–85%) at individual and herd
levels, respectively. The lowest prevalence was observed on farms that
applied both strongyle FECs and larval cultivation; 21% (95% CI:
12–31%) at the individual level and 44% (95% CI: 27–62%) at the herd
level. The corresponding figures on farms that dewormed routinely
without a diagnosis was 24% (95% CI: 14–35%) at the individual level
and 61% (95% CI: 39–80%) at the herd level. The median EPG was 200
on farms that based deworming on strongyle FECs; 150 on farms that
used both strongyle FECs and larval cultivation, and 350 on farms that
dewormed routinely, but these figures were not significantly different
(p = 0.44).

Macrocyclic lactones was the anthelmintic group mostly used (73%,
n = 77). Of these farms, 50% used ivermectin, 14% moxidectin, and
9% used a combination of ivermectin/moxidectin and praziquantel.
Only 3% used pyrantel and 1% used fenbendazole. As many as 23% of
the farmers did not remember which drug they had used.

4. Discussion

This study demonstrates anincrease of S. vulgaris prevalence (28% at
individual and 61% herd levels) in Sweden since the last survey in 1999
(14% at herd level) (Lind Osterman et al., 1999). The higher prevalence
reported here compared to 1999 (Lind Osterman et al., 1999) might to a
certain extent be explained by a different inclusion criterion regarding
the time since last deworming, but also methodological differences.
Considering the long lifecycle of S. vulgaris, only horses whiteout
treatment during the last six months were included in the present study,
whereas the corresponding time was two months in Lind et al. (1999).
More importantly though, in this study were all samples analysed in-
dividually compared to pooled samples from four horses in 1999 (Lind
Osterman et al., 1999). In addition, was S. vulgaris diagnosed with a
specific PCR, which is considered to be a more sensitive method than
the traditional morphological identification of harvested larvae from
cultures (Kaspar et al., 2017). However, a relatively recent study from
Denmark also found a high prevalence of S. vulgaris although the results
were based on morphological identification of larvae (Nielsen et al.,
2012). The overall prevalence of S. vulgaris in this neighboring country
was 12% and 64% on individual and herd levels, respectively, which
agree with our results. Moreover, results from the routine diagnostic
analyses at the Swedish National Veterinary Institute also show an in-
crease in the number of S. vulgaris positive horses from 6% in 2008 to
32–53% in the years 2013–2017 based on morphological analyses
(Swedish National Veterinary Institute, unpublished results).

Since 2008 anthelmintic drugs have been used in Sweden ex-
clusively by prescription of a licensed veterinarian according to an EU
directive (EUR-Lex, 2018), which has led to more than 50% reduction
of anthelmintics sold to horses and livestock in the subsequent 10 year
period (Girma, 2016). Thus, less anthelmintics are used today not only
on farms that perform selective therapy, but also on farms that deworm
without prior diagnosis. In the present study, farms deworming on a
regular basis treat on average once a year as compared to 3.1 treat-
ments per year according to questionnaire data from 2007 (Lind
Osterman et al., 2007). Standardized treatment programs applied to
horses soon after the introduction of modern broad spectrum anthel-
mintics sometimes involved 4–6 treatments per year (Drudge and
Lyons, 1966). Considering that the prepatent period of S. vulgaris is 6–7
months, farms that do not perform diagnostics would need to deworm
twice yearly (i.e late spring and autumn/winter) to keep the pasture
free of S. vulgaris larvae. In our study, S. vulgaris was still detected on
farms that dewormed routinely on a yearly basis without performing
any parasite diagnostics.

It is generally recommended to horse owners that control strategies

Fig. 1. Prevalence of Strongylus vulgaris A) in relation to the age of the horses.
The horses were clustered in age groups 0–5; 6–10; 11–15; 16–20 and ≥ 21
years., B) in relation to faecal egg counts clustered as follow: 0; 50–150;
200–450; 500–800; ≥850 eggs per g of faeces (EPG). C) in relation to last
deworming. The vertical lines in A–C indicate the 95% confidence intervals.
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should be based on analysis of faecal samples (Swedish National
Veterinary Institute, 2018). However, correct implementation of se-
lective therapy should include not only regular monitoring with
strongyle FEC tests but also specific analysis of S. vulgaris (Nielsen et al.,
2012; Swedish National Veterinary Institute, 2018). We believe that
many horse owners use selective therapy based solely on strongyle FECs
while they are not fully aware of the need of requesting additional
specific analysis for S. vulgaris. According to our study, horses with no
or few nematode eggs are often left untreated and these animals may
then potentially contaminate the grazing areas with S. vulgaris eggs.
This could likely be one reason for the high prevalence of S. vulgaris
observed in this study. Our finding that farms, which based their an-
thelmintic treatments on strongyle FECs were 2.9 times more likely to
be infected with S. vulgaris compared to those that dewormed routinely
or included testing for S. vulgaris in the control program further sup-
ports this hypothesis. Similarly, in Denmark a higher prevalence of S.
vulgaris was observed on farms using selective treatment compared to
farms deworming on a regular basis (Nielsen et al., 2012). In contrast,
low prevalences of S. vulgaris (0.2–1.3%) have been reported from
Germany (Schneider et al., 2014; Kaspar et al., 2017). However, se-
lective treatment is not implemented as strict in Germany compared to
Sweden and Denmark and many horses are still routinely dewormed
(Schneider et al., 2014).

It should be noted though that farms included in our study were not
randomly selected, which could have influenced the results. The
Swedish Board of Agriculture has a record of registered horses in
Sweden, but not of all farms, therefore, social media were used to re-
cruit farms. This strategy could have biased the results as the partici-
pating farms may perhaps have had a particular interest in parasites
due to high infection pressure or recurring S. vulgaris infection on the

Fig. 2. A) A density histogram reflecting the
skewed distribution of eggs per g of faeces
(EPG) where the width of the bar represent the
size of each EPG-cluster. EPG were clustered as
follow: 0; 50–150; 200–500; 550–850;
900–1200; 1250–1550; 1600–2000;
2050–2500; 2550–3000; 3050-4500. Figures
above each bar indicate number of horse in
each EPG-cluster. Density of the y-axis illus-
trates the number of horses divided by the
length of each corresponding interval. For ex-
ample, there were 529 horses in total of which
128, corresponding to 24%, had EPG < 50.
The density of this class is hence 0.24/
50 = 0.0048. B) A boxplot of EPG in the three
different regions in Sweden. The bold line in-
dicates median, the fine lines are the quartiles
and dots represents outliers in the population
and the horizontal line in the boxplot is the so
called ‘upper whisker’. There was no statistical
differences in EPG levels between the regions.
C) Median EPG levels (black dots) plotted
against the age of the horses. The horses are
clustered in age groups of 0–5; 6–10; 11–15;
16–20 and ≥ 21 years. The dots represent the
median of each age group and the vertical lines
indicate the 95% confidence intervals. All data
are included as grey dots. The Y-axis is log
transformed. D) Median EPG in relation to last
treatment. The vertical lines indicate the 95%
confidence intervals.

Table 3
Linear regression of faecal egg count against individual risk factors for
Strongylus vulgaris infection.

Investigated parameter Rel. effect (95%
aC.I.)

p-value

Year of the study 2016 REF * 0.79
2017 1.0 (0.7-1.5)

Region South REF 0.49
Central 1.0 (0.7-1.5)
North 0.8 (0.5-1.2)

Age group 0-5 REF 0.016
6-10 0.8 (0.5-1.1)
11-15 0.6 (0.4-0.8)
16-20 0.5 (0.4-0.8)
21- 0.7 (0.4-1.1)

Time since deworming 6 months REF 0.84
8 months 1.2 (0.7-2.1)
10 months 1.3 (0.7-2.3)
12 months 1.3 (0.8-2.1)
24 months 1.2 (0.6-2.2)
48 months 1.0 (0.6-1.8)

Anthelmintic drug IVMb REF 0.66
BZc 2.0 (0.5-7.9)
MOXd 1.3 (0.9-2.1)
PYRe 1.0 (0.4-2.4)

Deworming routine FEC only REF 0.23
FEC and cultivation for S.
vulgaris

0.8 (0.6-1.2)

Deworming 1-4 times/year 1.2 (0.8-1.9)

aconfidence interval b reference sample used to calculate odds ratio within each
investigated parameter b ivermectin c benzimidazole d moxidectin e pyrantel.
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farms. Alternatively, farms with a particular interest in parasites or the
wellbeing of their horses may have submitted more samples for para-
sitological diagnostic analysis and therefore have had fewer parasites
than average Swedish horse farms. Nevertheless, although a truly
random sampling could not be done due to the absence of a register of
all horse farms, we consider our sampling representative for the whole
country. Even; if there is a risk of a somewhat biased sampling our
results demonstrate a dramatic increase in the S. vulgaris prevalence
compared to the Swedish study conducted twenty years ago (Lind
Osterman et al., 1999).

In accordance with Nielsen et al. (2012) the prevalence of S. vulgaris
was not associated with faecal nematode egg output or horse age.
Twenty-five per cent of the horses with egg excretion below the de-
tection level or low egg excretion (0-150 EPG) were positive for S.
vulgaris; thus using a cut-off level of 200 EPG as a criterion for de-
worming would mean that such horses will not be dewormed. Thus, a
key conclusion of our study is that not only horses with high egg ex-
cretion, but also horses with low egg excretion should be examined for
S. vulgaris.

In 2007, only 1% of horse farms in Sweden submitted faecal samples
on a regular basis for parasitological analysis at a diagnostic laboratory
(Lind Osterman et al., 2007). In the present study 79% of the farms used
selective therapy based on diagnostic analyses, but most of them (48%)
requested strongyle FEC only. The use of selective therapy varies in
different countries. In Germany 44% of 195 farms dewormed based on
strongyle FEC analyses (Schneider et al., 2014), whereas only 10% of
213 farms in Italy requested a coproscopic examination prior to treat-
ment (Papini et al., 2015). In contrast, in Denmark the majority of horse
farms use selective treatment due to national legislation, and according
to a questionnaire by Nielsen et al. (2006), 97% of equine veterinary
practitioners prescribed selective treatment. A recent national survey
from the United States showed that only 22% of 380 farms from 28
states based their deworming practice on strongyle FECs (Nielsen et al.,
2018). This demonstrates that deworming strategies varies substantially
between countries. Selective therapy usually reduces the total number
of anthelmintic treatments and thereby also the selection pressure for
the development of anthelmintic resistance (Duncan and Love, 1991;
Kaplan and Nielsen, 2010). Due to the risk of development of anthel-
mintic resistance it is not desirable to return to routine treatment
strategies. To prevent further spread of S. vulgaris, it is therefore im-
portant to include specific tests to detect this parasite in the selective
therapy program.

Of the drug classes used in Swedish horse farms the macrocyclic
lactones were most commonly used (73% of the farms) according to the
questionnaire data. This is in accordance with findings from the last
survey in Sweden in 1999 (Lind Osterman et al., 1999) as well as two
more recent studies from Denmark and Germany (Nielsen et al., 2012;
Schneider et al., 2014). The spread of resistance in cyathostomine
parasites is evident for benzimidzoles and pyrantel (reviewed in
Peregrine et al., 2014), which has resulted in a shift to a more one sided
usage of macrocyclic lactones. There is still little evidence for wide-
spread strongyle resistance to the macrocyclic lactones in Europe, but
several reports about emerging resistance with a reduction of egg re-
appearance period after treatment with ivermectin/moxidectin (von
Samson-Himmelstjerna et al., 2007; van Doorn et al., 2014; Molena
et al., 2018). However, although the macrocyclic lactones are reported
to be effective against migrating S. vulgaris larvae (Slocombe and
McCraw, 1981) we detected high numbers of S. vulgaris positive horses
on farms that claimed to deworm on a regular basis. This may indicate
reduced anthelmintic efficacy, but it could also be due to the fact that
deworming was performed too sparsely; the mean interval between
treatments in our study was 11.6 months compared to 9.6 months in
Denmark and approximately 4–8 months in Germany (Hinney et al.,
2011; Nielsen, 2012; Schneider et al., 2014). Moreover, the timing of
anthelmintic treatments is an important factor in parasite control pro-
grams. Most farms in our study dewormed their horses in the spring to

reduce contamination of parasite larvae on the summer pasture. Re-
markably, nearly one out of four farms did not remember which drug
they used at the latest deworming occasion.

Even though S. vulgaris is considered the most pathogenic nematode
parasite in horses (Duncan, 1974) no association was found from the
questionnaire between signs of colic during the 24 months and positive
S. vulgaris analysis.

5. Conclusion

Many horse owners and veterinarians in Sweden have adopted a
selective deworming strategy, and since anthelmintic drugs to horses
became available on prescription only, in 2008, markedly less anthel-
mintics have been sold. In parallel, the prevalence of S. vulgaris has
increased approximately three times, which at least partly appears to be
associated with parasite analyses based on only FEC without S. vulgaris
diagnostics. Our results show that selective therapy based on a com-
bination of strongyle FECs and larval cultures was not associated with
an increased risk of S. vulgaris infection compared to regular blanket
treatment 1–4 times per year. Interestingly, less anthelmintic treat-
ments were undertaken on farms performing strongyle FEC and larval
cultures with a mean treatment interval of 15.5 months compared to
farms that based treatment on only strongyle FECs. The only risk factor
for infection with S. vulgaris in our study was selective therapy based on
strongyle FECs alone. A key message to horse owners and veterinarians
is the importance of including specific diagnostics for S. vulgaris even in
situations when the excretion of strongyle eggs is low or below the
detection limit in individual horses.
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