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Helminths  in  pigs  have  generally  received  little  attention  from  veterinary  parasitologists,
despite  Ascaris  suum,  Trichuris  suis,  and  Oesophagostomum  sp.  being  common  worldwide.
The  present  paper  presents  challenges  and  current  research  highlights  connected  with  these
parasites.

In  Danish  swine  herds,  new  indoor  production  systems  may  favour  helminth  transmis-
sion  and  growing  knowledge  on  pasture  survival  and  infectivity  of  A.  suum  and  T.  suis  eggs
indicates  that  they  may  constitute  a serious  threat  to  outdoor  pig  production.  Furthermore,
it is now  evident  that  A. suum  is  zoonotic  and  the  same  may  be  true  for  T.  suis.  With these
‘new’  challenges  and  the economic  impact  of the  infections,  further  research  is  warranted.
Better understanding  of host–parasite  relationships  and  A. suum  and  T. suis  egg ecology
may  also  improve  the  understanding  and  control  of  human  A.  lumbricoides  and  T. trichiura
infections.

The population  dynamics  of  the  three  parasites  are  well  documented  and  may  be used
to study  phenomena,  such  as  predisposition  and  worm  aggregation.  Furthermore,  better
methods to  recover  larvae  have  provided  tools  for  quantifying  parasite  transmission.  Thus,
an  on-going  study  using  helminth  naïve  tracer  pigs  has surprisingly  demonstrated  that
soil infectivity  with  A.  suum  and  T. suis  increases  during  the  first  2–3  years  after  pasture
contamination.

Though all  three  helminth  species  stimulate  the  Th2  arm  of the  immune  system,
Oesophagostomum  seems  weakly  immunogenic,  perhaps  via specific  modulation  of the
host  immune  system.  A.  suum  and  T. suis  potently  modulate  the  host  immune  response,
up-regulating  Th2  and  down-regulating  Th1.  As  a consequence,  A.  suum  may  compromise
the  efficacy  of  certain  bacterial  vaccines,  whereas  T.  suis,  which  establish  only  short-term
in humans,  is  a  favourite  candidate  for down-regulating  autoimmune  Th1-related  diseases
in  man.

Some basic  research  findings  have  offered  new  possibilities  for  future  sustainable  control
measures.  For  example,  the heredity  of  host  resistance  to  A.  suum  and  T. suis  is so  high  that

breeding  for  resistant  pigs  may  be a possibility.  Experimental  studies  have  demonstrated
that  fermentable  dietary  carbohydrates  have  an  antagonistic  effect  on Oesophagostomum
and  to a  lesser  extent  on  T.  suis  and  A.  suum,  whereas  egg-destroying  microfungi  may  be
used to inactivate  the  hard-shelled  A. suum  and T. suis  eggs  in  the  environment.

Helminth  control  in  Denmark  has  previously  relied  solely  on  anthelmintic  treat-
ment  in  herds  with  low  helminth  transmission.  When  indoor  transmission  rates
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increase,  or  in  outdoor  herds  with  high  pasture  contamination  levels,  medication  may
advantageously  be  combined  with  sustainable  control  measures,  such as  selected  pig
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Introduction

Helminth parasites occur frequently in domestic pigs
in all kinds of production systems and all around the
World. Nevertheless, they have generally received much
less attention from veterinary parasitologists than rumi-
nant helminths. The main reason is presumably that most
common porcine helminths very seldom cause clinical dis-
ease and therefore remain largely unrecognized by farmers
and their veterinarians, whereas the most important rumi-
nant parasites, if not controlled, will eventually lead to
overt poor performance, severe economic losses or even
fatal clinical disease. The major helminth species in tem-
perate pig production include Ascaris suum (the large round
worm), Trichuris suis (whipworm), and Oesophagostomum
spp. (nodular worm).

Despite the common subclinical course of infections,
pigs infected with one or more of the above mentioned
species have reduced food utilisation and growth rate
(Hale and Stewart, 1979; Hale et al., 1981, 1985) as well
as a changed body composition (heavier plucks and less
meat; Thamsborg, Mejer, Roepstorff, unpublished), while
migration of A. suum larvae results in substantial liver
condemnations (reviewed by Roepstorff, 2003), so for the
financial perspective alone, pig helminths have to be con-
trolled. However, there are other good reasons to study
these parasites. A. suum and maybe T. suis are zoonoses
and closely related to A. lumbricoides and T. trichiura, which
infect 1221 and 795 million people worldwide, respectively
(de Silva et al., 2003) and controlled infections in pigs make
up the very best experimental animal models (Boes and
Helwigh, 2000).

The present paper does not intend to provide a
complete update on research on these three species.
Instead, we present (1) some ‘new’ challenges (changed
indoor pig productions systems; challenges in outdoor
pig production systems; zoonotic aspects) and (2) some
research highlights of importance for the basic understand-
ing of host–parasite relationships (population dynamics;
immunomodulation) as well as highlights on research
areas, which may  potentially be exploited in future sus-
tainable control (genetics of host and worms; influence of
diets with fermentable carbohydrates; inactivation of A.
suum and T. suis eggs). Finally, we have some concluding
remarks on (3) future helminth control.

1. New challenges

1.1. Helminth challenges in relation to new trends in
indoor pig housing
A  series of prevalence studies has demonstrated a com-
mon  trend from high helminth prevalences and infection
intensities in traditionally managed swine herds towards
s,  and  egg-destroying  microfungi.
© 2011 Elsevier B.V. All rights reserved.

low prevalences and intensities in industrialised produc-
tion systems (reviewed by Nansen and Roepstorff, 1999;
Thamsborg and Roepstorff, 2003). Thus, it is common to
find 5–10 species and high infection levels in (semi-)free
range pigs (e.g. Ajayi et al., 1988; Barutzki et al., 1992;
Nissen et al., 2011). Permanently confined pigs in tradi-
tionally managed indoor herds often have high infection
levels with few species, viz. A. suum (primarily in young
growing pigs due to acquired resistance in older animals)
and Oesophagostomum spp. (predominantly in adult pigs,
as infections accumulate with age), whereas T. suis and
Strongyloides ransomi (threadworm) usually have a low
and sporadic occurrence, and Hyostrongylus rubidus (red
stomach worm)  as well as species with indirect life cycles
(e.g. Metastrongylus spp., lungworms) are absent indoor
(Nansen and Roepstorff, 1999). Highly industrialised Dan-
ish pig herds only have A. suum and despite its strong
immunogenicity, the highest prevalence is often found in
old fatteners or even sows, as no transmission takes place in
the farrowing pens, the weaning pens, and sometimes the
fattening pens (Roepstorff, 1997). This lack of transmission
of A. suum to young pigs in modern farrowing units, even
though the pens often are contaminated with high num-
bers of eggs, has been attributed to the lack of favourable
micro-environments for egg survival (like ‘hot spots’ with
high relative humidity) (reviewed by Roepstorff, 2003), as a
low relative humidity may  cause the eggs to collapse before
they become infective (Wharton, 1979). It is of particular
interest that it has been difficult to demonstrate any sig-
nificant effect of systematic anthelmintic use on A. suum
prevalence within Nordic indoor herds (Roepstorff et al.,
1999) and that many of the highly industrialised Danish
herds have been able to maintain low infection levels with-
out deworming (Roepstorff, 1997).

The production systems are, however, currently under-
going several changes. According to recent Danish
legislation aimed at improving animal welfare, loose sows
should now be housed in groups (instead of being tethered
or otherwise restrained) with access to common resting
areas with solid floor and bedding material (instead of
fully slatted floors without bedding). The pens of grow-
ing pigs and sows should furthermore be equipped with
water sprinklers for a daily shower. All these changes and
especially the latter must inevitably increase the num-
bers of hot spots, favourable for egg survival (Thamsborg
et al., 2010). Though not yet fully documented, there are
indications of a re-emergence of Oesophagostomum sp.
within these herds (Haugegaard, 2010) and an outbreak
of strongyloidiosis has been observed (Haugegaard, per-
sonal communication). If this partly anecdotal evidence

holds true, then the only means left for helminth control
in the modern production units with a higher level of ani-
mal  welfare, is regular drug treatment. Unfortunately this is
very likely to select for anthelmintic resistance, as already



7 ary Parasitology 180 (2011) 72– 81

o
e
r
a
b
d
b

1
h

r
u
m
v
d
p
r
b
b
2
f
1
i
o
O
u
f
(
(
c
l
T
a
(
fi
(
h
s
o
l
w
a
h
d
I
m
w
t
1
c
p
t
d
F

d
o
i
a

4 A. Roepstorff et al. / Veterin

bserved for Oesophagostomum many years ago (Roepstorff
t al., 1987; Bjørn et al., 1990; Gerwert et al., 2002). In this
espect, it is thought-provoking that the lack of reports on
nthelmintic resistance during the last 10–15 years may  be
ecause Oesophagostomum,  which is the most likely candi-
ate for developing resistance, has simply been controlled
y intensive housing and not by medication.

.2. Helminth challenges in relation to outdoor pig
usbandry

Organic farms have been established as a consumers’
eaction against the industrialised husbandry with its high
se of chemicals (medication, food additives) and compro-
ised animal welfare. The organic certification legislation

ary from country to country, and for Denmark the stan-
ards include that pigs; (1) must not be tethered or
ermanently restrained; (2) should have access to outdoor
uns for at least 150 days per year; (3) should have plenty of
edding material when indoor; and (4) diseases must not
e prevented by use of veterinary medicine (Anonymous,
010). As expected, high helminth infection levels are often
ound in organic pigs (Roepstorff et al., 1992; Christensson,
996; Carstensen et al., 2002). At present, helminths with

ndirect life cycles are uncommon in European pigs in
rganic farming (Roepstorff and Mejer, unpublished) and
esophagostomum infections do not seem to build up to
nacceptable high infection levels, presumably because the
ree-living larvae survive poorly during warm dry summers
southern Europe) or the cold winters (northern Europe)
Roepstorff and Murrell, 1997; Thomsen et al., 2001). In
ontrast, A. suum and T. suis are transmitted by eggs that are
ong-lived and highly resistant to environmental factors.
hus, A. suum eggs have been demonstrated to remain alive
nd infective in soil for 6 years (Müller, 1953) and 9 years
Mejer and Roepstorff, unpublished), while corresponding
gures for T. suis are 5 years (Hill, 1957) and 11 years
Burden et al., 1987). Experimental plot studies in Denmark
ave demonstrated that the large majority of A. suum and T.
uis eggs died within the first few months after deposition
n pastures and that only a relative small residual popu-
ation survived for 1–1½ years, the highest survival being

hen faeces was deposited in autumn-to-spring (Larsen
nd Roepstorff, 1999; Kraglund, 1999). Unfortunately, this
igh initial mortality of the eggs after deposition of faeces
oes not remove the risk for the grazing and rooting pigs.

n fact, repeated depositions may  result in a massive accu-
ulation of eggs in the soil, as observed on a Danish farm,
hen 25% of a group of pigs turned-out on a heavily con-

aminated area died due to T. suis (Jensen and Svensmark,
996). The long-lived A. suum and T. suis eggs is a great
hallenge for outdoor pig production and even a 2–3 year
asture rotation programme may  not be beneficial, as pas-
ure infectivity to tracer pigs has been observed to increase
uring the first 2–3 years after egg deposition (Mejer, 2006;
ig. 1).

The problem of controlling long-lived eggs is further

ocumented on some Swedish and Danish organic farms,
n which almost all pastures were shown to be contam-
nated with helminth eggs (A. suum, T. suis) by simple
nalyses of 5–10 g representative soil samples. This was
Fig. 1. White spots on livers from two helminth naïve sentinel pigs follow-
ing 4 days exposure to a paddock, which was contaminated with Ascaris
suum eggs 4 years earlier (photo by H. Mejer).

irrespective of whether the pastures had a history of pig
grazing or only had been contaminated by spreading pig
manure (Andersen, 2009; Lindgren and Roepstorff, unpub-
lished). In Denmark, farmers have so small areas of land
that they cannot implement a crop rotation plan of 5–10
years and routine anthelmintic treatments is not an option
in an organic context.

As envisaged above, soil analysis for hard-shelled eggs
may  be very useful for monitoring helminth transmission
and understanding the epidemiology, exactly as the corre-
sponding analyses of numbers of trichostrongylid L3-larvae
in grass have been for ruminants. Yet, in surveys of human
parasites, and even long-term epidemiological investiga-
tions, soil samples are usually not included, even though
they may  be easier to collect than human faecal samples.
Apart from few studies demonstrating that eggs may be
found indoor, on handles, in kitchen gardens fertilised with
human/pig faeces, etc. (e.g. Peng et al., 1996), systematic
samplings of surroundings of human dwellings over the
different seasons are totally lacking.

1.3. Worm species and zoonotic aspects

The relationship and taxonomic status of Ascaris species
infecting pigs and humans have been an area of contro-
versy. A range of different methods including morphology,
immunology, and biochemistry has been used to address
this issue (e.g. Sprent, 1952; Ansel and Thibaut, 1973;
Maung, 1973; Kennedy et al., 1987; Hawley and Peanasky,
1992) but all with limited success. More recently the
application of different DNA-based methods on sympatric
Ascaris populations in Guatemala, China, and Uganda sug-
gests that there is no or limited gene flow between worms
infecting humans and pigs (Anderson and Jaenike, 1997;
Peng et al., 2005; Nejsum et al., 2010) implying that
there are two different populations (species). In contrast,
Criscione et al. (2007) identified 4 and 7% of sympatric
worms as being hybrids suggesting that cross-infections
take place in areas where humans and pigs live in close

proximity. This might not be so surprising since experi-
mental studies has shown that both types of worms are
capable of cross-infecting the other host (Takata, 1951;
Galvin, 1968). In addition, in areas considered non-endemic
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for the human parasite (e.g. the western part of the world)
cases of ascariasis in man  have been shown to be due to
cross-infections with A. suum (Anderson, 1995; Nejsum
et al., 2005; Bendall et al., in press). In Denmark, we  have
had two case-stories, in which the vegetable gardens of a
kindergarten and a small commune were fertilised with
pig manure from a nearby farm. In both cases, epidemics
of large Ascaris worms were found in the children and
subsequent analyses revealed infective eggs in the soil
(Roepstorff, unpublished). Even though Ascaris in humans
and pigs seems to represent two different species, cross-
infections definitely occur and shared cox1 haplotypes have
been described (Peng et al., 2005; Betson et al., 2011). Fur-
ther studies, where fine scale genetics (many microsatellite
markers) are applied on sympatric worm material in order
to elucidate cases of cross-infections and occurrence of
hybrids, are highly warranted.

In contrast to the Ascaris species, the relationship
between Trichuris species in humans and pigs has not been
given much attention suggesting that their taxonomic sta-
tus is settled (i.e. T. trichiura and T. suis in humans and pigs,
respectively) and a zoonotic potential of T. suis is largely
ignored. This is interesting, since adult worms, larvae, and
eggs obtained from Trichuris infections of these two  hosts
are hard or impossible to distinguish based on morphol-
ogy (Beer, 1973; Soulsby, 1982), as most characters have
overlapping ranges and the minor differences (e.g. spicule
length) could be host induced (Ooi et al., 1993; Spakulova,
1994; Cutillas et al., 2009). Sequence analysis of the ITS-2
region of sympatric worm material as well as a comparison
of the ITS regions of eggs from non-human primates and pig
worms, suggests that Trichuris of the two hosts represents
two different species but also that T. suis may  be a zoonosis
(Cutillas et al., 2009; Nissen, 2009).

2. New challenges

2.1. Helminth population dynamics in pigs

Many experimental infection studies with A. suum,
T. suis, and Oesophagostomum spp. have been conducted
to investigate life cycles, population dynamics, immune
responses, etc. All three species have an initial high estab-
lishment in helminth naïve pigs, however the course of
infections vary considerably. A. suum seems to be most
immunogenic, as the large majority of larvae are expelled
from the small intestine already at days 14–17 pi (post
inoculation), i.e. immediately after having finalised the
migration through liver and lungs (Roepstorff et al., 1997;
Miquel et al., 2005; Nejsum et al., 2009a),  leaving small
residual populations of intestinal larvae that grow to matu-
rity. After this expulsion, but not before, the populations are
typically strongly aggregated with a relatively high num-
ber of worm-free pigs, many pigs harbouring 1–20 worms,
and a low number of ‘wormy’ pigs (Roepstorff et al., 1997;
Boes et al., 1998; Nejsum et al., 2009a).  When continu-
ously exposed to infective eggs, pigs become increasingly

resistant against reinfection, yet some old pigs may  still
harbour patent worms (e.g. Roepstorff, 1991; Roepstorff
et al., 1992). T. suis is also highly immunogenic, but worm
expulsion occurs 9–13 weeks pi, i.e. within the patent
sitology 180 (2011) 72– 81 75

period (Kringel and Roepstorff, 2006), and aggregation
is only found during and after this period of expulsion
(Nejsum et al., 2009b).  The worm elimination tends to be
rather complete in experimental pigs, leaving few very
small residual worm burdens within the pigs (Pedersen and
Saeed, 2001; Nejsum et al., 2009c). In contrast, Oesophagos-
tomum dentatum has a completely different life strategy, as
almost all larvae (at low to moderate levels of exposure)
become mature and stay within the host for at least 2–4
months, i.e. as long as the controlled experimental studies
have lasted (e.g. Christensen et al., 1995; Roepstorff et al.,
1996). This apparently low immunogenicity is reflected in
very high prevalences and worm burdens in sows of tradi-
tionally managed herds (Raynaud et al., 1975; Roepstorff,
1991; Roepstorff et al., 1992).

These well-described host–parasite relationships have
paved the way for studies on predisposition and aggrega-
tion (Boes et al., 1998; Coates, 2000), phenomena which
are also highly characteristic for corresponding infec-
tions in man  (Forrester et al., 1990; Anderson et al.,
1993; Chan et al., 1992, 1994; Ellis et al., 2007). In stud-
ies of human infections with soil transmitted helminths,
aggregation and predisposition have been explained by
aggregated distributions of eggs in the environment, dif-
ferent risk behaviour of individual persons, and variable
levels of acquired resistance (Anderson and Gordon, 1982).
Although the combined action of all three factors may con-
tribute to predisposition and aggregation in the field, these
phenomena also appear in strictly controlled experimen-
tal pig studies. They are thus to be found in experimental
A. suum infections as soon as expulsion has acted on the
initially established worm burdens, despite all animals
receiving the same numbers of infective eggs and all ani-
mals being fully helminth naïve at the time of the studies
(Roepstorff et al., 1997; Nejsum et al., 2009a).

2.2. Immune responses and immunomodulation

The immune responses against A. suum have been
investigated for decades and have seen a revival with
the appearance of modern molecular techniques. Most
recently, it has been described that both A. suum and T.
suis elicit strong Th2 skewed responses, which can be
measured both systemically (e.g. blood eosinophilia, IL4)
and locally (increased IL4, IL6, IL10, and IL13) (Dawson
et al., 2005; Kringel et al., 2006; Steenhard et al., 2007).
It is reasonable that A. suum and T. suis have received the
most attention, as these species are both highly immuno-
genic. However, O. dentatum may  also prove important to
study, for the exact opposite reason, viz. that very large
populations of worms may  persist in the pig for years
apparently without stimulating acquired resistance (e.g.
Roepstorff, 1991; Roepstorff et al., 1992). In other words,
O. dentatum is able either to avoid stimulation of the host
immune system, to manipulate the effector mechanisms
of the host immune system, and/or to evade the immuno-
logical effector arm(s). Most recently, Andreasen, Petersen

and Thamsborg (unpublished) have demonstrated that O.
dentatum does in fact stimulate mucosal Th2 responses but
the response is delayed and with a different cytokine pro-
file than for T. suis. In this study, presence of T. suis had
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Fig. 2. Trichuris suis faecal egg output (mean + SE) week 8 post infection
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 negative influence on co-infecting O. dentatum popula-
ions, while, most interesting, O. dentatum tended to have

 positive influence (more worms and later expulsion) on T.
uis populations (Andreasen, 2009). Furthermore, specific
nti-Oesophagostomum-antibodies were up-regulated in
he co-infected group of pigs as compared to pigs infected
ith O. dentatum only. These studies may  indicate that O.

entatum has developed the ability to modulate the host
mmune system to increase its survival more efficiently
han A. suum and T. suis.

One important effect of specific host immune responses
ay  be acquired resistance, although the underlying mech-

nisms for worm elimination are still poorly known.
ccording to the Th1/Th2 paradigm, helminths in general
timulate the Th2 arm and down-regulate the Th1 arm,
hile bacteria and viruses do the opposite. In addition,
elminths stimulate regulatory T-cells, which suppress
ctivation of the immune system and maintain immune
ystem homeostasis as well as tolerance to self-antigens.
he consequences of the delicate balance between the dif-
erent arms of the immune system may  be of immense
ractical importance. First, helminth infections may  down-
egulate the Th1 responses against bacteria and viruses
hereby reducing the efficacy of vaccinations (Urban et al.,
007), as recently described for Mycoplasma hyopneumo-
iae vaccination in pigs infected with A. suum (Steenhard
t al., 2009). Secondly, the lack of helminth induced
mmunomodulation in the human populations of the
ndustrialised countries has been hypothesised to con-
ribute to the steep increase in autoimmune diseases, such
s inflammatory bowel disease, type 1 diabetes, and mul-
iple sclerosis (reviewed by McKay, 2006; Elliott et al.,
007; Zaccone et al., 2007; Fleming, 2011). This ‘Helminth
ypothesis’ (Elliott et al., 2007) is derived from the origi-
al ‘Hygiene Hypothesis’ of Strachan (1989),  and T. suis is
ne of the favourites for potential medical use (Reddy and
ried, 2007). T. suis was, among other criteria, originally
elected because the infections are self-eliminating in man
nd the larvae are non-migratory (Elliott et al., 2007). In two
linical trials, Summers et al. (2005a,b) treated (infected)
uman patients with 2500 infective T. suis eggs every 3rd
eek and found significant remission for both Crohn’s Dis-

ase and Ulcerative Colitis. Using the same dosing regimen
leming et al. (in press) obtained promising results on a
ew patients with multiple sclerosis. Unfortunately, T. suis
oes not seem to have any positive effect on pollen allergy
atients (Bager et al., 2010).

.3. Genetics of worms and hosts

The observation of pigs being predisposed to a certain
. suum infection level under controlled experimental con-
itions suggests that the worm load is under regulation
y host genetics (Boes et al., 1998; Coates, 2000). In a pig
edigree study, including 195 pigs from 19 litters (Fig. 2),

t was later estimated that the genetic contribution (heri-
ability) accounted for 30–70% of the variation in A. suum

nd T. suis worm burdens (Nejsum et al., 2009c).  This is
n accordance with field studies in a human population
n Nepal, where heritabilities of 0.3–0.5 have been found
or both T. trichiura and A. lumbricoides (Williams-Blangero
from 19 litters of pigs (totally n = 195). The pigs were trickle inoculated
with 5 eggs/kg/day.
Data from Nejsum et al. (2009b).

et al., 1999, 2002). In this human population, three and two
Quantitative Trait Loci (QTL) influencing susceptibility to A.
lumbricoides and T. trichiura infection, respectively, were
later identified (Williams-Blangero et al., 2008a,b) con-
firming the role of host genetics in regulation of helminth
infections. Likewise, a genome-scan was performed in the
pig population described by Nejsum et al. (2009c) using the
Illumina 7K porcine SNP-chip. For T. suis faecal egg excre-
tion a candidate QTL was identified on chromosome 13,
whereas the most promising region was  on chromosome
4 for the A. suum worm load (Nejsum et al., unpublished).
Specific SNPs in these regions are presently been tested in
unrelated populations of pigs in order to verify the findings.

For ruminants the genetic contribution to worm load
has been acknowledged for many years and are imple-
mented in the breeding programs (Pomroy, 2006). Several
studies have identified QTLs with influence on helminth
infections in sheep (e.g. Marshall et al., 2009; Dominik
et al., 2010) and recently a DNA test has been commer-
cialized (Worm STAR, Pfizer Animal Genetics Ltd.) as a
supplementary tool in breeding for helminth resistance in
sheep. If similar DNA based tests can be identified in pigs
with respect to helminth worm load, this will allow us to
produce the ‘right animal for the right purpose’. In addi-
tion, identifying the genes controlling the worm loads will
increase our understanding of the underlying biological
pathways in relation to resistance and thereby potentially
pave the way  for new types of intervention.

In contrast to host genetics, the influence of parasite
genetics on the interactions between the parasite and
its host has received much less attention. However, as
reviewed by Read and Viney (1996) there is no evidence
suggesting that helminth genetics should not affect the
host’s ability to mount a protective response. For exam-
ple, Koyama and Ito (1996) found that the Th1/Th2 balance
in mice depended on the isolate of T. muris and Bellaby
et al. (1996) even found that the response was  isolate-

specific. Likewise, life history traits such as fecundity and
survival have shown to vary between different genotypes
of Strongyloides ratti (Paterson and Viney, 2003) as have
worm expulsion kinetics of the different isolates of T. muris
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Fig. 3. Numbers of Ascaris suum larvae belonging to 4 mtDNA haplotypes
(A–D) at day 28 after inoculation with 500 eggs of each haplotype.
Redrawn from Nejsum et al. (2009d).

(Koyama and Ito, 1996) and even production traits vary in
sheep infected with different strains of Haemonchus con-
tortus (Hunt et al., 2008). Nejsum et al. (2009d) infected
pigs with equal proportions of A. suum eggs from 4 females
identified by unique mtDNA haplotypes and followed the
infections over time, i.e. before, during, and after expul-
sion of the vast majority of larvae. It was observed that
worm abundance and size changed with pig host but also,
and even more striking, that the different localities within
a single small intestine had different proportions of the
4 worm genotypes (Fig. 3). These studies clearly suggest
that the effect of parasite genotypes on the outcome of
the host–parasite interactions needs further attention and
might explain differences in results obtained from differ-
ent regions in the world and even within the same country
(Hunt et al., 2008).

2.4. Effects of diet

Originally, it was a random change in feed type and
ensuing problems with establishing experimental infec-
tions that set off a series of studies on the impact of dietary
carbohydrates on helminth infections in pigs. The initial
results indicated that diets with more non-digestible and
non-fermentable carbohydrates, such as lignin, favoured O.
dentatum infections as compared to diets richer in carbo-
hydrates more readily available for microbial fermentation
(Petkevičius et al., 1995; Bjørn et al., 1996). One real-life
implication of this being that though providing straw or
roughage to pigs may  improve animal welfare, it may  also
potentially benefit intestinal worms.

Further studies have since corroborated that fer-
mentable carbohydrates (i.e. prebiotics) may  have a
substantial negative impact on both establishing and estab-
lished O. dentatum infections (Petkevičius et al., 1997, 1999,
2001, 2003; Mejer, 2006). Though the mechanism is not
fully elucidated, it is believed to be linked to the changes in
the physico-chemical properties of the intestinal content
and bacterial fermentation end products (i.e. short chain
fatty acids), particularly in the caecum and colon as dis-

cussed by Petkevičius et al. (1995).  Mimicking this process,
direct infusion of short chain fatty acids and lactic acid
was thus found to eliminate 92% of established O. dentatum
(Petkevičius et al., 2004).
sitology 180 (2011) 72– 81 77

Though partly embedded in the intestinal mucosa, both
maturing and fully adult T. suis have also shown sensitiv-
ity to some sources of dietary fermentable carbohydrates
(Thomsen et al., 2005, 2007; Petkevičius et al., 2007). Thus,
one study showed substantially reduced worm burdens
and severely stunted worms  (Thomsen et al., 2005; Fig. 4).
The latter observation indicates that worm size alone may
not always be a valid character for species identification.
The overall effect on adult A. suum seems less promising
(Petkevičius et al., 1995, 1996; Bjørn et al., 1996; Mejer
et al., unpublished) but this may  in part reflect that the
predilection site is the anterior part of the jejunum where
fermentation is minimal (Graham and Åman, 1986) com-
pared to the caecum and colon (reviewed by Flickinger
et al., 2003). Larval migration on the other hand does seem
to be reduced, potentially because the larvae pass through
the caecum and colon (Mejer, 2006; Jensen et al., 2010).

So far fermentable carbohydrate sources such as inulin,
a fructan purified from chicory roots, alone or combined
with sugar beet fibres have been shown to be effectual
(Petkevičius et al., 2003, 2007; Thomsen et al., 2005). In
addition, as an alternative to inulin, which is too costly for
livestock, both crude, chopped and dried, milled chicory
roots have also yielded promising results (Mejer, 2006;
Jensen et al., 2010). Though not fully able to eliminate
established adult worms, dietary inclusion of crude and
dried chicory roots can within just two days almost abol-
ish experimental O. dentatum faecal eggs counts (Mejer
et al., unpublished). A result that has also been demon-
strated twice for Oesophagostomum sp. on-farm, indicating
that this principle has a potential for reducing environmen-
tal contamination and thereby transmission between pigs
(Mejer et al., unpublished).

One challenge of using plant products is that the con-
tent of the active components are typically dependent
on plant genotype, time of harvest, processing and stor-
age (Ernst et al., 1995; Böhm et al., 2005; Raccuia and
Melilli, 2010), all of which may  help to explain, why para-
sitological results can vary between studies. Additionally,
even very high levels of fermentable carbohydrates do
not completely eliminate helminth infections (Mejer et al.,
unpublished) and can only fully compete with drugs, if
anthelmintic resistance becomes a problem. Overall, there
is still an incentive to identify new and more potent feed
components, possibly also secondary plant metabolites
with antiparasitic effects as described for small ruminants
(Brunet et al., 2008).

2.5. Inactivation of A. suum and T. suis eggs

As mentioned above, the physico-chemical resistance
and the longevity of A. suum and T. suis eggs create new
challenges to control, especially in outdoor production
systems. On-farm, one straight forward control initiative
is to inactivate all parasite eggs before pastures are fer-
tilised with faecal and bedding material. Such inactivation
may  be done through thermophilic composting, as both

A. suum and T. suis eggs only survive for 1-few hours at
50 ◦C and few minutes at 55 ◦C (Burden and Ginnivan, 1978;
Barnard et al., 1987). Even mesophilic composting may
be efficient over time, as at least A. suum eggs embry-
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nated at 28 ◦C have much lower performance than eggs
eveloped at lower temperatures (Arene, 1986). Recent
bservations also indicate that simple anaerobic storage
f slurry and solid manure may  inactivate A. suum eggs,
ut long-term storage for about 1 year seems to be neces-
ary at 20 ◦C and even longer storage time at 4 ◦C (Katakam
nd Roepstorff, unpublished). Another approach, which
hould be investigated further, is the use of egg-predacious
icrofungi. Several microfungi are used commercially to

ombat plant–parasitic nematodes in large-scale mono-
ultures, and for example Pochonia chlamydosporia and
aecilomyces lilacinus have also been shown to attack A.
uum, Trichuris vulpis,  and Toxocara canis eggs in vitro
Araújo et al., 2008; Carvalho et al., 2010; Silva et al.,
010). Hopefully, microfungi can efficiently inactivate large
umbers of thick-shelled eggs in stored manure or even
n contaminated pastures and thereby help control the
arasites in a sustainable way. The easy availability of com-
ercial products, for horticultural use, may  prove useful in

his context.

. Future helminth control

From the selected topics discussed above, it is clear
hat there is a series of challenges as well as opportuni-
ies within research on the three major helminths of pigs.
he recent changes in indoor and outdoor pig produc-
ion systems call for veterinary parasitologists to develop
ew strategies for helminth control. Such strategies have
ntil now, mostly relied on routine use of anthelmintics
dministered to selected age groups, e.g. pigs at weaning
nd half way in the fattening period and breeding stock
efore farrowing and/or every 3–6 months. But due to the

ack of evidence for parasitological and economic bene-
ts, routine deworming has been replaced by helminth
urveillance in many Danish pig industries, as suggested

y Roepstorff (1997),  or treatment has simply stopped. For
he new animal-friendly housing and not least for alterna-
ive outdoor systems, both of which are highly favourable
o helminth transmission, control is needed and it will be
hydrates (A) and a diet rich in fermentable carbohydrates (B) (photos by

very risky to rely on anthelmintics alone, as anthelmintic
resistance will inevitably develop – and for organic farms
routine preventive treatment is not an option. Therefore,
there is a strong need for elaborating and testing alternative
control measures, such as using more resistant geno-
types for breeding (Nejsum et al., 2009c),  feeding the pigs
with fermentable carbohydrates to reduce worm burdens
(Petkevičius et al., 2001, 2003, 2007; Thomsen et al., 2005;
Mejer, 2006), and inactivate hard-shelled nematode eggs
within the surrounding environment, e.g. by egg preda-
cious microfungi (Gortari and Hours, 2008). For outdoor
pigs, handling and processing manure in a way  that inacti-
vates the hard-shelled eggs, should be revisited to provide
farmers knowledge of means to avoid contaminating the
pastures. All these alternative and sustainable control mea-
sures need to be further tested and the most promising
should be combined with intelligent use of anthelmintics
in an integrated helminth control program.
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