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Background
Cattle are economically the most important livestock for
farmers in Sweden. However, both dairy and beef pro-
duction has been subjected to considerable structural
change over recent decades. Currently, there are
approximately 1.5 million cattle, including ≈370 000
dairy cows producing milk worth 1 m€ [1]. The trend is
that the numbers of dairy cows are decreasing slowly,
while beef cows are somewhat increasing. At the same
time as the productivity has been intensified since the
1950’s in the cattle sector, herd size has increased and
the number of production units, especially the number
of dairy farms, have been dramatically reduced. In con-
trast, the numbers of organic farms are steadily increas-
ing. The goal of the Swedish government is to increase
the Swedish organic production of agricultural commod-
ities to 20% within a three-year period.
According to the Swedish animal welfare regulations,

both conventional and organic cattle must have access
to pasture for a period of 2–3 months per year [2]. The
grazing season normally occurs between early May and
October. As pasture-borne parasites are ubiquitous
wherever animals are grazing, they remain one of the
most important productivity constraints in Swedish cat-
tle production. These parasites have in common that
they often exhibit simple direct life cycles with infective
stages transmitted on pasture by the faecal–oral route.
The most important pasture-borne parasites of grazing
cattle in Sweden are the gastrointestinal (GI) nematodes
Ostertagia ostertagi and Cooperia oncophora. To a lesser
degree, the lungworm Dictyocaulus viviparus, and also
the coccidian Eimeria alabamensis, are important

pathogens. Furthermore, in wet areas the liver fluke Fas-
ciola hepatica, with a complex life cycle, sometimes
cause problems.
The importance of GI-nematodes and lungworms on

the productivity in first-season grazing (FSG) cattle has
been demonstrated in a range of independent grazing
trials conducted at SWEPAR over the last decade [3-8].
According to the results, the weight-gain penalties in
unprotected set stocked FSG animals were on an aver-
age in the range of 20 to 65 kg, compared to simulta-
neously grazed calves but that were fully protected from
parasites by the use of effective anthelmintics. Com-
bined, these trials demonstrate the importance of nema-
tode parasites on animal productivity under Swedish
climatic and management conditions. They also show
that good levels of nematode control can be achieved
through the correct use of anthelmintics. However, at
the same time there are concerns that over-dependence
on ‘chemical’ control may lead to long-term difficulties.
This occurs partly through development of anthelmintic
resistance, but also because these substances are not
widely accepted among consumers. Routine prophylactic
use of anthelmintics is not accepted in organic livestock
farming [9]. However, “blanket” treatment of the whole
grazing group or herd is accepted, even on organic
farms, in response to a worm problem after it has been
diagnosed.
Although the results from our grazing trials also have

shown that good levels of parasite control can be
achieved without anthelmintics, some of the alternative
non-chemical parasite control approaches that we have
tested are impractical. For example, when it comes to
the use of natural pasturelands there are situations
where high grazing pressure must be maintained in
order to maintain a profile necessary for the generation
of subsidies. Young and adult stock on Swedish dairy
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farms are also often grazed on dedicated pastures, which
omits the opportunities for mixed grazing between dif-
ferent age groups. There are many examples of organic
cattle farmers who have obtained exemptions from the
organic guidelines because their animals have suffered
from nematode parasites.
In this contribution, the focus is on diagnostic meth-

ods that can be used for individual and/or herd parasite
monitoring in parasite surveillance programmes. I will
also briefly discuss future ways to refine the use of
anthelmintics through targeted selective treatments
(TSTs). The latter is a sustainable deworming method
that can be applied in both conventional and organic
cattle production. Finally, some results from an ongoing
EU project (PARASOL, http://www.parasol-project.org/)
will be presented.

Sustainable use of anthelmintics
For the foreseeable future it can be assumed that anthel-
mintics will constitute the cornerstone of most parasite
control programmes, irrespective of whether they are
used alone or in an integrated programme. However, to
preserve the efficacy and to reach a wider level of accep-
tance, including organic producers, it is unavoidable to
refine the ways in which anthelmintics are used. One
possibility is to replace current treatment regimes with
TSTs. Today in Sweden, anthelmintics are either admi-
nistered at strategic times to all first grazing season cat-
tle at risk (e.g. against GI-nematodes), or given as
metaphylactic mass treatments following the appearance
of clinical signs in some animals in a grazing group (e.g.
against lungworm). In order to create low input and
sustainable programs for nematode control, TST strate-
gies must not only be further developed but also vali-
dated under practical farming conditions. The long-term
aim with TST is to minimise the number of whole
herd/flock anthelmintic treatments by directing treat-
ments towards only those animals/herds that are likely
to suffer from disease and production loss. Overall, this
will reduce the opportunities for any associated environ-
mental and health risks, while maintaining agricultural
productivity.
The concept of TST is simple and easy to accept,

especially in situations where animals with a high worm
burden are easily identified, for example by showing
clinical signs such as coughing, diarrhoea, emaciation or
reduced productivity. However, it is well recognised that
the greatest losses associated with pasture-borne nema-
tode parasites in grazing livestock are sub-clinical. Eco-
nomic assessments have also shown that the financial
costs associated with sub-clinical parasitism are enor-
mous [10]. It can also be argued that it is suboptimal
and often too late to treat with an anthelmintic when
clinical signs have already been observed, as animals

showing signs of disease are most likely to propagate
infection. Essential for the TST approach is that there
be access to good and reliable indicators, and identifica-
tion of treatment thresholds.

Potential TST indicators
There are many potential TST indicators, which can be
grouped according to whether they are parasitological,
pathophysiological or performance factors. Those indica-
tors based on traditional parasitological techniques, such
as faecal egg counts (FEC), and in particular pasture lar-
val counts and tracer tests, are generally impractical, as
they are either extremely laborious and/or non-informa-
tive when required [11]. Accordingly, it can be expected
that they will not be feasible as indicators for the pur-
pose of monitoring cattle health. One exception might
be the recently developed FECPAC technology (http://
www.fecpak.com/), which might serve its purpose. How-
ever, this technology must first be carefully tested and
evaluated in field before it can be recommended as a
routine measure.
Among the serological tests there are several promis-

ing candidates. Recently it has been demonstrated that
both serum pepsinogen concentrations (SPC) and anti-
body levels at housing provide very useful information
about previous exposure to nematode parasites. SPC is a
pathophysiological indicator measuring the damage
caused to the abomasal mucosa, and it has been shown
to correlate with the occurrence of parasitic gastroenter-
itis, both in naturally infected animals [12] and in young
cattle experimentally infected with different levels of O.
ostertagi [13]. However, the use of SPC is restricted, as
it can only be used to predict exposure of FSG animals
to this particular parasite.
Another option is to detect specific IgG antibody

serum levels with immunological methods using ELISA.
Currently there are several in-house ELISAs for the
detection of Ostertagia and Cooperia spp. Of particular
interest is the ELISA using crude proteins from whole
worm extracts of O. ostertagi, as it has been demon-
strated that this ELISA not only reflects parasite expo-
sure [13] but also reflects the damage caused in terms
of reduced production traits and milk yield [14,15].
Interestingly, this test was recently evaluated to measure
antibody levels against this abomasal parasite in bulk
tank milk [16]. To what level parasite exposure in cows
is correlated with the situation found in heifers and
calves on the same farm remains obscure. Although this
aspect is currently being investigated within PARASOL,
it is certainly a topic that requires more attention in the
future. Milk is commonly tested for a range of infectious
diseases, and results from the Ostertagia test could then
easily be incorporated into existing herd health surveil-
lance programmes.
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If not tested beforehand, the suitability of using milk
ELISAs against other important parasites should also be
explored. It is important to realise that the costs of sam-
pling and testing must be minimised before a herd
health monitoring programme can reach more general
acceptance among representatives in authorities, live-
stock organisations and, not least, the farming
community.

Ongoing research
Since 2006 SWEPAR has been actively involved in
the PARASOL project. This is an ongoing STREP
activity coordinated by Professor Joseph Vercruysse,
Ghent University, Belgium, and aimed at helminth
control in grazing ruminants. The work in Sweden
has mainly been focussed on cattle, with the the spe-
cific aims: (1) to compare the pepsinogen and anti-
body levels against O. ostertagi in FSG animals at
housing, and (2) to predict the situation in the FSG
stock by investigating the antibody levels in bulk
tank milk from the same herds.

A total of 44 dairy farms in south-central Sweden
were randomly selected in 2005. From each farm bulk
tank milk was sampled along with serum from ~10 FSG
at the time of housing. The same farms were also
approached to participate the following year, and in
2006 36 farms participated together with one additional
farm. In both years the farmers were asked to complete
a form containing questions about the management of
the cattle on the farm, including questions concerning
deworming practices. In the second year the form was
more detailed, and it then also contained questions
about utilization of the pastures and figures on the milk
production. Pepsinogen concentrations and O. ostertagi
antibody levels were measured in sera following ring-
testing and according to standard operating procedures
(SOP). In each run a set of standard samples was
included to validate the test results. Also, the milk sam-
ples were analysed in a similar fashion using the O.
ostertagi-ELISA from SVANOVA biotechnology,
Uppsala, Sweden.
It was found that the majority of the herds were

stabled in September to October. However, the hous-
ing dates varied a lot. Notably, some farmers housed
their animals in late December. In both years, most
farmers treated their FSG with an anthelmintic. How-
ever, a large proportion (38%) was left untreated. The
preferred anthelmintic in 2006 was the oxfenbendazole
intermittent release device (Systamex Repidose®). This
drug was used on 85% of the farms. No samples had a
serum pepsinogen concentration that exceeded the
proposed cut-off concentration of 3.5 U tyrosin, indi-
cative of subclinical ostertagiosis. The highest value

measured was 2.9 U tyrosin. Still, both the mean pepsi-
nogen concentrations and serum antibody levels
against O. ostertagi were on an average higher for
calves from the untreated herds. However, there was
only a weak positive correlation between the Osterta-
gia- antibody levels and pepsinogen concentrations
when the results of the same serum samples was com-
pared (R=0.34). Furthermore, there was no association
between the Ostertagia-antibody levels in bulk tank
milk and in sera from the FSG from the same herd.
On the other hand, there was a good agreement
between OD values obtained in different years, and in
particular for the milk samples.
A retrospective study was also carried out to assess

the possibility of using daily weight gain in first-season
grazing cattle (FSG) as a marker for treatment decisions
to prevent parasite-induced losses caused by gastroin-
testinal (GI) nematodes. Data were combined from three
independent grazing trials, each of which was repeated
over 2–3 years, in order to investigate the influences of
parasites on the performance of FSG cattle subjected to
different levels of parasite control. ROC analyses showed
that anthelmintic treatment of animals with a daily
weight gain (Dwgt) of <0.75 kg/day by mid-season had a
sensitivity of ~70% and a specificity of ~50%. It thus
seems feasible to base a targeted selective treatment for
FSG cattle on Dwgt recorded approximately 4–8 weeks
after turn-out, provided that it is accepted that some
animals will be dewormed without need. However, these
data were pooled from a number of disparate trials, so
that these sources of variation were included in the
experiment but their individual effects cannot be deter-
mined. The next stage is to validate the conclusions in a
controlled field trial.
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