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Five growing pigs experimentally infected with low doses of Oesophagostomum denta-
tum, Ascaris suum, and Trichuris suis were turned out with 5 helminth-naive pigs on
each of 3 pastures in June 1996 (Group 1). On one pasture all pigs received nose-rings.
After slaughter of Group 1 in October, pasture infectivity was monitored using hel-
minth-naive, unringed tracer pigs. In 1997, helminth-naive young pigs were turned out
on the contaminated pastures in May (Group 2) and again in August (Group 3). Again
all pigs on one pasture received nose-rings. All pigs and pastures were followed parasit-
ologically and reduction in grass cover was monitored. Based on the acquisition of in-
fection by the naive pigs in Group 1, the estimated minimal embryonation times for eggs
deposited on pasture were 23-25 days for O. dentatum, 5-6 weeks for A. suum and 9-10
weeks for 7. suis. Results from tracer pigs and grass/soil samples indicated that pasture
infectivity was light both years. Free-living stages of O. dentatum did not survive the
winter. The nose-rings reduced rooting considerably, resulting in three-fold more grass
cover on the nose-ring pasture compared to the control pastures by the end of the experi-
ment. Nevertheless, the nose-rings did not significantly influence parasite transmission.

Ascaris suum; Trichuris suis; Oesophagostomum dentatum; transmission.

Introduction

In recent years different outdoor pig production
systems have become more numerous. Com-
pared to the modern indoor systems, the out-
door environment provides more favourable
conditions for development, survival, and
transmission of infective parasite stages. Keep-
ing pigs outdoors may therefore increase both
the number of parasite species and their preva-
lence in the pig population (reviewed by Nan-
sen & Roepstorff 1999), thus emphasizing the
need for more knowledge on the epidemiology
of parasite infections in order to develop effi-
cient control strategies.

One of the most common pig helminths in out-
door herds in Denmark is Oesophagostomum

spp. (Nansen & Roepstorff 1999) which is
transmitted as free-living larvae that may de-
velop to infectivity within a short time but gen-
erally do not survive for long under Danish out-
door conditions (Kraglund 1999, Larsen per-
sonal communication). This helminth may be
controlled either by pasture rotation combined
with anthelmintic treatment (Rose & Small
1983), or by predacious microfungi that attack
the free-living larvae (Nansen et al. 1996).
However, these principles may not target para-
sites such as Ascaris suum and Trichuris suis as
efficiently, because they are transmitted by eggs
which, although slow embryonating (Larsen &
Roepstorff 1999) and prone to high mortality
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rates (Kraglund 1999), may remain infective in
the soil for years (Miiller 1952/53, Burden et al.
1987). 1t is therefore necessary to find addi-
tional measures that may help control a wider
spectrum of parasites, especially when preven-
tive medication is not permitted, e.g. in organic
farming systems. Nose-rings are commonly
used to reduce damage to the pasture vegetation
by suppressing the normal rooting behaviour of
the pigs (Horrell et al. 1996). Nose-ringing pigs
has therefore been suggested as an alternative
way to reduce the uptake of infective parasite
eggs and larvae from the soil (Larsen & Roep-
storff 1999).

The aim of the present study was to investigate
if nose-rings could influence the transmission
of helminths in outdoor pigs. The experiment
was part of a larger study of parasite transmis-
sion, also including stocking rate (Thomsen et
al. unpublished) and different aspects of pig be-
haviour (Wendt et al. unpublished). The overall
design incorporated 2 control groups which are
both included here for comparison with one
group of nose-ringed pigs.

Materials and methods

Experimental animals and feeding

All pigs (females/castrated males) were cross-
breeds of Danish Landrace x Yorkshire x Duroc
purchased from an indoor herd that had previ-
ously not harboured helminth infections. In or-
der to stimulate grazing and rooting, the pigs
were given only 80% of the feed ration nor-
mally given to indoor fatteners. Rations were
adjusted weekly.

Parasite isolates

The parasite strains and the cultures for devel-
opment of infective eggs/larvae were identical
to those previously described by Roepstorff &
Murrell (1997ab), except that the 4. suum eggs
were embryonated in vermiculite at room tem-
perature according to Burden & Hammet (1976).
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Experimental Design

Group 1: In April 1996, fifteen pigs (Group 1A,
mean body weight (BW) + SD: 26 + 8 kg) were
inoculated twice by stomach tube with 25 4.
suum and 250 T. suis eggs and once with 1000
O. dentatum 13-larvae. Two months later these
infected pigs (seeder pigs) were divided into 3
groups according to weight (mean BW: 60 + 12
kg), sex, litter, and egg-production by each par-
asite, and were turned out together with 5 hel-
minth-naive pigs (Group 1B, mean BW: 61 £ 6
kg). On one of the pastures all 10 pigs received
a nose- ring (Nose-ring), while the pigs on the
other 2 pastures (Controls 1 and 2) did not re-
ceive a nose-ring. The pigs were weighed and
samples of blood and faeces were collected
every fortnight until necropsy approximately
16 weeks post turn-out (p.t.0.).

Tracer: From a group of helminth-naive pigs
that had adapted to outdoor conditions for 2
weeks on an assumed helminth-free pasture, 10
pigs (mean BW: 31 + 3 kg) were transferred to
each experimental pasture for 7 days in October
1996, whereafter they were moved back to their
former pasture. The purpose of these Tracer
pigs was to estimate the uptake of infective par-
asite stages from the pastures and none of the
pigs were therefore ringed. Five pigs from each
pasture (Tracer A) were slaughtered 16-17 days
p-t.o. on the experimental pastures for recovery
of O. dentatum and A. suum (infections 10-17
days old). The last 3x5 pigs (Tracer B) were
slaughtered 35-36 days p.t.o. to recover all 3
parasite species (infections 29-36 days old).
Samples (blood, faeces, weight) were collected
before turn-out and at the first slaughter for
Tracer A and B, and at the second slaughter for
Tracer B.

Group 2: In May 1997, 3x10 helminth-naive
pigs (mean BW: 26 + 2 kg) were turned out for
12 weeks. The pigs in Nose-ring received nose-
rings, and sampling (blood, faeces, weight) was
done every 4 weeks. As no O. dentatum egg ex-
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cretion could be detected by the end of June, all
pigs were inoculated by stomach tube with
3000 O. dentatum L3-larvae to recontaminate
the pastures.

Group 3: In August 1997 a new set of 3x10 hel-
minth-naive pigs (mean BW: 19 + 2 kg) were
turned out for 12 weeks. The pigs in Nose-ring
received nose-rings and all pigs were sampled
as described for Group 2.

Experimental pastures

The 3 pastures were all 2400 m? and had never
previously been used for pigs. At turn-out of
Group 1 the vegetation was cut to a height of
approximately 10-15 cm and consisted mostly
of the grasses Bromus sp., Ddctylis sp., and Poa
trivialis. The pigs had free access to water, an
insulated house, and a wallowing area on each
pasture. Due to the area available, 2 of the pas-
tures (Nose-ring and Control 2) were elongate
sharing a slight rise (1.5 m) in the terrain in the
northern end, while one pasture (Control 1) was
more square. A corner of the Control 2 pasture
had some hours of shade in the afternoon.

Grass cover

An imaginary 5x5 m grid was placed over the
pastures. At each grid intersection an area (270
cm?) of the pasture was classified according to
5 categories, corresponding to an approximate
grass cover of either 0, 25, 50, 75 or 100 % (=
grass cover values (v)) and a “grass cover in-
dex” was calculated for each pasture as:

2n XV
Grass cover =
n,

1

where n, = number of intersections with a given
grass cover value, and Xn, = total number of
classified intersections. The grass cover was es-
timated every 2 weeks for Group 1, before and
after turn-out for the Tracer pigs, and every 4
weeks for Groups 2 and 3.

Soil and grass samples

Sub-samples of grass and soil were at each
sampling collected close to the grid intersec-
tions and pooled to 1 grass or soil sample for
each of the 3 pastures. The grass was cut di-
rectly above the ground and the soil taken from
the top 2-3 cm using a small soil drill. O. denta-
tum third stage larvae were isolated from the
soil (only in 1996) by a soil-Baermann tech-
nique described by Grenvold (1984), and from
grass by an agar-gel technique according to the
method of Jorgensen (1975). A. suum and T.
suis eggs were extracted from the soil using a
flotation method (Larsen & Roepstorff 1999).

Climate

The air temperature was registered continu-
ously and the rainfall measured daily approxi-
mately 800 m from the experimental area by
The Department of Agricultural Sciences, La-
boratory for Agrohydrology and Bioclimatol-
ogy, The Royal Veterinary and Agricultural
University.

Parasitological techniques

Faecal egg counts were determined using a con-
centration McMaster technique with a lower
detection limit of 20 eggs per g faeces (epg)
(Roepstorff & Nansen 1998).

Blood sera were tested for antibodies against 4.
suum L2/L3 excretory-secretory products using
an indirect ELISA method as described by Jun-
gersen et al. (1999).

The pigs were fasted on the day of necropsy.
They were euthanised either by a captive bolt
pistol or a strong electrical current and bled,
whereupon the liver and intestines were re-
moved. The small intestine was emptied,
opened, and pulled between 2 sticks twice in or-
der to scrape off the mucus. The intestinal wall
was then rinsed in 37°C 0.9% sodium chloride
solution (saline), and the washings combined
with the intestinal contents and mucus. Large 4.
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Figure 1. Grass cover on three pastures (2400 m?) due to the activity of different groups of pigs. Signature:
Nose-ring (A), Control 1 (), and Control 2 (X). On the Nose-ring pasture all pigs except Tracers were ringed
at turn-out (T.0.)(n = 10, except Control 1 in Group 2 (n =9)).

suum were collected, and 50% (except Tracer:
100%) of the intestinal contents was embedded
in agar for isolation of smaller worms as de-
scribed by Slotved et al. (1997). The large intes-
tine was opened, emptied, and rinsed several
times in saline. The contents and washings were
thoroughly mixed and diluted with saline to a
total volume of 10 I, after which sub-samples of
10% (except Tracer: 100%) and 20% were used
for isolation of O. dentatum and T. suis, respec-
tively. O. dentatum was isolated using the agar-
gel method described by Slotved et al. (1996).
The T suis sub-samples were sieved as de-
scribed by Roepstorff & Murrell (1997b). The
livers were examined for superficial white
spots.

Statistical analysis

Statistical analysis was done using the MIXED
procedures of the SAS software package, re-
lease 6.12, with a 5% level of significance.
ELISA-OD values and log transformed faecal
egg counts were tested with a repeated meas-
ures analysis of variance, while log transformed
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worm burdens and liver white spots were ana-
lysed using a one-way analysis of variance.
Both models investigated the effects and inter-
actions of the independent variables pasture,
time, and sex, eliminating them stepwise if non-
significant, and included a least squares means
analysis for specific differences between the 3
pastures. Data resulting primarily from experi-
mental infections were not analysed statisti-
cally.

Results

Experimental animals

The pigs did not show clinical signs of helminth
infections, but in Tracers, Group 1, and Group
2 a few animals were treated with antibiotics
against arthritis. No evidence was found that ei-
ther treatment or infection influenced the hel-
minth status of the pigs. One pig in Control 1 of
Group 2 died of unknown causes shortly after
turn-out. Within the different groups the aver-
age weight gain was the same for all 3 pastures.
In 1997, a total of 6 pigs lost their nose-rings in
Groups 2 and 3. When possible the rings were
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Figure 2. Faecal egg counts (epg, arithmetic mean) of O. dentatum (A), T. suis (B), and A. suum (C) in flocks
of ringed (A Nose-ring) and unringed pigs (Ml Control 1, X Control 2) on different pastures. Group 1A (n =5,
dotted lines) was inoculated (In) with 1000 O. dentatum L3-larvae, 2x250 T. suis eggs, and 2X25 A. suum eggs
before turn-out (T.o0.) together with helminth-naive pigs, Group 1B (n =5, solid lines). Group 2 (n = 10/n = 9)
and Group 3 (n = 10/n = 9) were helminth-naive at turn-out, but the Group 2 pigs were later inoculated (In) with
3000 O. dentatum L3-larvae. Helminth-naive Tracer pigs were not ringed (samplings 1 and 2: n = 10, sampling

3:n=35).

replaced, but 3 pigs in Group 2 were without a
ring the last 2 weeks before slaughter. In Group
3, 2 pigs were left without a ring for 4 weeks
and 1 pig for 6 weeks. Only the results for the
last pig have been excluded from the calcula-
tions due to a change (compared with the ringed
pigs) towards normal rooting behaviour.

Grass cover

Applying nose-rings did not affect grazing but
largely prevented normal rooting behaviour, ex-
cept in areas with loose or very moist soil like
in the house or the wallowing area. In areas
with hard and dry soil the ringed pigs some-
times used the forefeet to scrape in the soil
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(pawing) while the snout was only used to
gently palpate the ground. The effect of the ring
was least pronounced in Group 1 (Fig. 1),
where the pigs (especially in Control 2) were
generally very inactive (Wendt et al. unpub-
lished). When the pigs in Group 1 were slaugh-
tered, the grass cover was estimated to be 89%,
57%, and 76% for Nose-ring, Control 1, and
Control 2, respectively. This difference was al-
most eliminated within 1 week by the very ac-
tive Tracer pigs (Fig. 1). In 1997, the activity
levels of the pigs on the 2 control pastures were
more alike (Norgaard-Nielsen, pers. comm.),
and by the end of the experiment the grass cover
had been reduced to less than 20% on both con-
trol pastures. For Nose-ring the cover was 60%,
and the reduction was primarily due to the 1 pig
in Group 3 that had lost the ring 6 weeks before
slaughter.

Soil and grass samples

Few soil and grass samples were positive and
these generally contained low numbers of eggs
or larvae, and did therefore not give an indica-
tion of differences in the number of infective
parasite stages on the pastures. In 1996, max-
ima of 93 O. dentatum 1.3-larvae kg™! grass (dry
weight) and 1.3 L3-larvae g! soil (dry weight)
were recovered in single samples. During the
first period of 1997 (Group 2) no larvae were
found, whereas in the second period (Group 3)
samples contained up to 1230 L3-larvae kg’!
grass. In 1996, up to 0.7 A. suum and 5.7 T. suis
eggs ¢! soil (dry weight) were found, whereas
no A. suum and only 1 T, suis egg were recov-
ered in 1997.

Climate

Compared with average values for the period of
1961 to 1991 (Rosenorn & Lindhardt 1994),
the mean daily temperature for each experimen-
tal month in 1996 was close to normal, whereas
it was generally above average in 1997. The to-
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tal rainfall (176 mm) during the experimental
period of 1996 was only 52% of the average
rainfall in the corresponding period of 1961-
1991 (Rosenarn & Lindhardt 1994), making it
the driest summer and autumn for years. In con-
trast, the area received 12% more rain than nor-
mal during the experiment in 1997.
Oesophagostomum dentatum

At turn-out, O. dentatum egg excretion in the
experimentally infected Group 1A was compar-
able on all 3 pastures, but at necropsy a substan-
tial increase was registered in Control 2 (Fig.
2A). This corresponded to an average worm
burden in Control 2 twice the inoculation dose
and 4 times higher than in Nose-ring and Con-
trol 1 (Table 1). By subtracting a prepatency pe-
riod of 17-19 days (Talvik et al. 1997) from the
time of the first appearance of egg positive
Group 1B pigs (42 days p.t.0.), it was deduced
that some of the first eggs excreted by the
Group 1A pigs developed to infective larvae
within 23-25 days causing rapid reinfection.
Statistical analysis showed an effect of pasture
in Group 1B (p<0.001) due to a higher egg out-
put on the Control 2 pasture that differed signif-
icantly from the other 2 pastures (p<0.01). No
significant difference was found between Con-
trol 1 and Nose-ring. Analysis of the worm bur-
dens also revealed an effect of pasture (p=0.03),
in that Control 2 pigs of Group 1B harboured
more worms compared with Control 1 pigs
(p=0.04) and Nose-ring pigs (p=0.01), while
the latter 2 did not differ from each other. No
statistical differences were found in the egg
counts for Tracer B or the worm burdens for
Tracer A and B (combined because they were
comparable), although the latter were slightly
higher in Control 2. Judged by the egg counts in
Group 2, patent infections were not apparent
until after the experimental infection, which re-
sulted in almost identical high mean egg excre-
tions and worm burdens for the pigs on all 3
pastures. For the naturally infected pigs in
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Table 1. Mean + SD (min-max) O. dentatum and T. suis worm burdens (mature+immature) in ringed (Nose-
ring) and unringed (Control 1 and 2) pigs on pasture. Group 1(A and B) and Tracer were turned out in 1996, fol-
lowed by Group 2 and subsequently Group 3 in 1997. The pigs in Group 1 A were experimentally infected with
1000 O. dentatum 13-larvae and 2x250 7. suis eggs in order to start contamination of the pastures at turn-out. In
Group 2, pigs were infected with 3000 O. dentatum L3-larvae, whereas the remaining infections were all due to

natural exposure. The Tracer pigs were not nose-ringed.

O. dentatum T. suis

Nosering Control 1 Control 2 Nosering Control 1 Control 2
Group 1A 578 £ 185 462 + 491 2152 £ 1018 460 + 660 404 + 835 9+20
(n=5) (370-770) (50-1200) (1020-3250) (0-1455) (0-1895) (0-45)
Group 1B 114 + 126 160 + 182 698 + 567 61 +57 310 + 309 193 £ 126
(n=15) (0-290) (25-470) (300-1700) (0-135) (0-740) (0-340)
Tracer 55+ 57 64 £ 53 123 £ 164 172 £ 134 709 + 591 407 £ 787
(n=10/5%) (5-150) (0-185) (5-475) (25-325) (240-1645) (35-1815)
Group 2 1982 + 677 1798 + 985 1820 £ 704 20+27 22426 28 +32
(n=100) (240-2690) (10-3310) (530-2620) (0-75) (0-70) (0-85)
Group 3 167 £ 178 270 + 226 1043 + 779 114 £ 262 101 +£75 73+90
(n=10®) (0-580) (20-720) (40-2960) (0-805) (10-215) (0-245)

* O. dentatum: n =10 and T’ suis: n=5
U Control I n=9
® Nose-ringn =9

Group 3, egg production was higher for Control
2 compared with the other 2 pastures, but a sig-
nificant difference was found only in relation to
Nose-ring (p<0.04). Significantly more worms
were recovered from the Control 2 pigs in
Group 3 than from the pigs on the other 2 pas-
tures (p<0.03) (Table 1).

Trichuris suis

After turn-out the 7. suis egg excretion in
Group 1A decreased during the summer until a
few weeks before slaughter when there was a
slight increase in Control 1 and Nose- ring (Fig.
2B), corresponding with a higher worm recov-
ery than in Control 2 (Table 1). In Groups 1B,
2, and 3 only very few pigs had developed pat-
ent infections by the time of necropsy (weeks
16,12 and 12 p.t.0., respectively), and within
each group the worm burdens did not differ sta-
tistically between pastures. With a prepatency

period of approximately 6-7 weeks (Powers et
al. 1960), some eggs excreted by the Group 1A
pigs became infective to the Group 1B pigs
within 9-10 weeks. All Tracer pigs were slaugh-
tered before the end of the prepatency period.
Their mean worm burdens were low and the
smallest number of worms was found in Nose-
ring and the highest in Control 1. Statistical
analyses did not, however, reveal any signifi-
cant differences. The same is also true for both
Groups 2 and 3 where the level of infection in
both cases was very low (less than in Group
1B), although slightly more worms were found
in Group 3 than in Group 2 (see Table 1).

Ascaris suum

In the experimentally infected Group 1A, a few
A. suum positive pigs contaminated the 2 con-
trol pastures more or less constantly throughout

Acta vet. scand. vol. 41 no. 2, 2000
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Figure 3. Ig response (ELISA OD-values, arithmetic mean) against 4. suum L2/L3 excretory/secretory prod-
ucts in ringed (A Nose-ring) and unringed pigs (l Control 1, x Control 2) on different pastures. The pigs in
Group 1A (n= 5, dotted lines) were inoculated (In) with 2x25 A. suum eggs before turn-out (T.0.) together with
helminth- naive pigs, Group 1B (n = 5, solid lines). Pigs in Group 2 (n = 10/n = 9) and Group 3 (n=10/n=9)
were helminth-naive at turn-out. On Nose-ring all pigs were ringed except for the helminth-naive Tracer pigs

(samplings 1 and 2: n = 10, sampling 3: n =5).

the study period (most eggs being excreted by
Control 1 pigs, Fig. 2C), while the few egg pos-
itive pigs in Nose-ring seemingly expelled their
adult worms after approximately 6 weeks. Few
of the naturally infected pigs in Group 1B ex-
creted eggs, starting 12 weeks p.t.o. Allowing
for a prepatency period of minimum 6-7 weeks
(Roepstorff et al. 1997) the first eggs excreted
by pigs in Group 1A reached infectivity on pas-
ture within 5-6 weeks. None of the Tracer pigs
developed patent A. suum infections. In con-
trast, low to very high egg counts were ob-
served in a few pigs in Groups 2 and 3 (all pas-
tures), but no significant differences between
the pastures were found because of the large in-
dividual variation in worm counts.

After an initial surge in immune response in the
experimentally infected Group 1A, the mean
antibody levels fell and then rose again approx-
imately 6-8 weeks p.t.o., reaching a plateau be-
fore necropsy (Fig. 3). The pigs in Group 1B
began to seroconvert 6 weeks p.t.o., and the
mean response then increased to almost the
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same level as in Group 1A. The combined ser-
ological data for Tracer A and B show that pigs
on all pastures had seroconverted by day 16-17
p.t.0. Serum antibody responses increased line-
arly in both Groups 2 and 3, but only stabilized
in Group 3 at the time of necropsy. The anti-
body levels at slaughter were, however, com-
parable to those in Groups 1A and 1B. Al-
though Nose-ring in most groups seemed to
have slightly lower ELISA OD-values, there
was a large variation within all groups, and the
only significant difference was found between
Nose-ring and Control 2 (p<0.04) in Group 3.

At necropsy worm burdens were overdispersed
and on average only 1-12 4. suum (mainly
adults + small immatures) were recovered from
pigs on the different pastures in each group, the
only exception being Tracer A where all pigs
were infected and worm burdens generally were
higher (especially in Control 1, Table 2). Statis-
tical analysis did not show any significant dif-
ferences within the groups. In Tracer A, 1-2
pigs from each pasture harboured a low number
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Table 2. Mean + SD (min-max) numbers of A. suum worms (mature+immature) and liver white spots in ringed
(Nose-ring) and unringed (Control 1 and 2) pigs on pasture. Group 1(A and B) and Tracer (A and B) were turned
out in 1996, followed by Group 2 and subsequently Group 3 in 1997. The pigs in Group 1A were experimentally
infected with 2x25 A. suum eggs in order to start contamination of the pastures at turn-out. The remaining groups
were all naturally infected. Tracer A and B were not nose-ringed.

A. suum White spots

Nosering Control 1 Control 2 Nosering Control 1 Control 2
Group 1A 2+2 10+9 4+6 1114 9+3 13+8
n=35) (0-6) (1-19) (0-15) (0-35) (5-13) (6-26)
Group 1B 1+£3 242 1+1 16+9 9+5 2811
n=5) (0-7) 0-4) 0-3) (7-28) (3-16) (20-47)
Tracer A 50+ 62 257+ 183 63 + 106 54+29 217 £ 101 38+18
(n=5) (2-156) (3-515) (3-251) (23-86) (130-353) (19-61)
Tracer B 3+4 10+£13 2+4 28 +21 149 + 153 59 £40
(n=135) (0-10) (0-27) (0-10) (8-62) (15-406) (11-121)
Group 2 5«5 4+£7 12+17 40+ 31 44 £18 30+25
(n=10%) (0-16) (0-20) (0-50) (10-106) (21-69) (8-83)
Group 3 5+6 3£5 3+4 22+17 40+24 28 +24
(n=10%) (0-17) (0-15) (0-12) (6-56) (8-93) (4-78)
Y Control I n=9
® Nose-ring n =9
of immature A. suum (1-12 worms, 11-90 mm) Discussion

that were clearly larger (i.e. older) than the
worms that could have been picked up on the
experimental pastures. As the ELISA results
(Fig. 3) did not indicate that the uncontrolled
infection caused an earlier seroconvertion (i.e.
infection had been very light), the only measure
taken was that worm burdens in Tracer A were
adjusted by subtracting the larger worms before
analysis.

Analysis of the liver white spots (Table 2)
showed few differences: the pigs in Control 1
had significantly fewer lesions than the Control
2 pigs in Group 1B (p = 0.02), but significantly
more than Nose-ring (p = 0.005) and Control 2
(p<0.002) in Tracer A.

The results indicate that, although nose-rings
did reduce the rooting behaviour of the pigs
considerably, the level of parasite transmission
was not affected compared to unringed control
pigs. This suggests that parasite transmission
on pasture may be influenced more by pasture
features (unidentified in this experiment) than
the change in behaviour caused by the nose-
ring.

Allowing for the respective prepatency periods
(Powers et al. 1960, Roepstorff et al. 1997, Tal-
vik et al. 1997), the first T suis eggs, A. suum
eggs and O. dentatum larvae became infective
to the Group 1B pigs within 9-10 wecks, 5-6
weeks, and 23-25 days, respectively, after the
start of pasture contamination by Group 1A
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pigs. Short embryonation times on Danish pas-
tures such as these for O. dentatum and A. suum
correspond to previous reports (Roepstorff &
Murrell 1997ab, Larsen & Roepstorff 1999).
For T suis it has been described that, although
some eggs may become fully embryonated
within one season, the large majority of eggs
deposited during the summer do not become in-
fective until the next season under field condi-
tions (Burden & Hammet 1979, Kraglund 1999,
Larsen & Roepstorff' 1999). However, worm re-
coveries from helminth-naive pigs in the
present experiment confirm that patent T suis
infections may be achieved during the summer
and autumn of the first year of grazing.

Outdoor plot studies have shown that during hot
dry summers mortality rates may be very high
for both O. dentatum larvae (Rose & Small
1980, Kraglund 1999, M. Larsen pers. comm.)
and A4. suum and T suis eggs (Larsen & Roep-
storff 1999, Kraglund 1999). This was irrespec-
tive of where the eggs were deposited, although
high grass (Rose & Small 1981, Kraglund
1999) or burial in soil (Larsen & Roepstorff
1999, M. Larsen pers. comm.) did provide
some protection for the free-living parasite
stages against harsh climatic conditions. Al-
though not exceptionally warm, the summer of
1996 was very dry and this may explain why
pasture infectivity and overall transmission lev-
els were low, despite a considerable contamina-
tion with eggs from all 3 parasites by the seeder
pigs. The winter climate also proved detrimen-
tal to the O. dentatum larvae as they did not sur-
vive to infect the pigs that were turned out the
following summer. Our results are in accor-
dance with those of Smith (1979), whereas oth-
ers have shown that very low numbers of larvae
may survive, allowing transmission, although
severely reduced, to take place during the win-
ter and early in the following summer (Roep-
storff & Murrell 1997a). Overall, this suggests
that if infected free-range pigs are efficiently
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treated with anthelmintics during the winter, O.
dentatum may be eliminated.

The soil and grass samples indicate that pasture
infectivity was light in both years for all 3 par-
asites, but the results did not show if the levels
of infectivity were different on the 3 pastures.
This may in part be due to poor survival of the
free-living stages combined with selective def-
aecation by the pigs, concentrating the faeces to
certain areas of the pasture (Wendt et al. unpub-
lished). Consequently, sampling from the grid
intersections, which were evenly distributed
over the entire pasture, may not have provided a
good estimate of the bioavailability of eggs and
larvae on the pastures. The worm burdens of the
helminth-naive Tracer pigs were probably a
better means to determine the pasture infectiv-
ity.

In 1996, the O. dentatum infection level was
higher in pigs on the Control 2 pasture than in
the pigs on the other 2 pastures in Group 1B,
and only the Group 1A pigs from the Control 2
pasture became noticeably reinfected. The
higher transmission was further reflected by the
slight, though not significant, difference in the
Tracer worm burdens (Table 1). The conditions
for development of infective O. dentatum larvae
may therefore not have been identical on the 3
pastures. Pasture contamination in 1996 and
1997 were 2 separate events, and though simi-
lar numbers of eggs were excreted on all 3 pas-
tures in 1997, worm recovery was again highest
in pigs from the Control 2 pasture. Thus, it
seems that the level of O. dentatum transmis-
sion was determined more by differences in
pasture infectivity, due to differences in uniden-
tified microclimatic conditions, than whether or
not the pigs had a nose-ring. Why the condi-
tions were different was not determined in our
study, but perhaps the few hours of shade in a
corner of the Control 2 pasture may have had a
protective effect and thereby increased the de-
velopment of eggs and larvae. Unless infection
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doses are extremely high, little immunity devel-
ops with time against O. dentatum (Christensen
et al. 1995, Roepstorffet al. 1996). Immunity is
therefore not expected to have influenced the
infection levels.

Nose-rings did not significantly affect the trans-
mission of T suis in the course of the experi-
ment. The pigs in Group 1B were presumably
slaughtered before onset of protective immu-
nity against 7. suis (i.e. approximately 8 weeks
after inoculation, L. Mansfield pers. comm.),
and the worm burdens should therefore reflect
the uptake of infective eggs. The population ki-
netics of T suis infections in pigs is not known
in detail, but it is possible that some type of
dose-dependent regulation of the intestinal
worm burden may also have been involved, as
has been suggested for T. suis (Pedersen et al.
unpublished) and also O. dentatum (Rose &
Small 1980). Judging from the soil samples and
the Tracer pigs, however, it seems unlikely that
pasture infectivity was sufficient to elicit a
strong immune response or induce other worm
population regulation mechanisms in the natu-
rally infected pigs. The lack of egg excreting
pigs in 1997 until slaughter of Group 3 further
indicates very low transmission rates during the
second summer. It may therefore be assumed
that fewer infective eggs were available to the
pigs in the second grazing season because of
poor survival of eggs, though development of T
suis eggs may have continued during the second
year as the Group 3 pigs generally harboured
slightly more worms than the Group 2 pigs.
Infection with A. suum is characterized by
strong acquired immunity, resulting in small
overdispersed worm burdens that are more or
less dose-independent (Roepstorff et al. 1997,
Eriksen et al. 1992). Similarly, the numbers of
white spots become dose-independent few
weeks after a single infection (Roepstorff et al.
1997) and approximately 2 months of trickle
exposure (Eriksen et al. 1992). It is therefore

not surprising that the worm burdens and num-
bers of white spots were low and comparable
within all the long-term exposed groups as well
as the group of tracers that was slaughtered late
after exposure. This makes it impossible to as-
sess whether or not the nose-rings did reduce
the transmission of 4. suum. The ingestion of
infective eggs was, however, substantial enough
for the nose-ringed pigs to elicit a considerable
antibody response against the migrating larvae.
Lind et al. (1993) showed that the rate of sero-
conversion is dose-dependent, and a seasonal
variation in seroconversion of tracer pigs has
shown that it may reflect pasture infectivity
(Roepstorff & Murrell 1997b). The present re-
sults thus indicate that the faster response in the
autumn group of 1997 compared to the summer
group was due to a higher transmission rate of
A. suum. Excretion of A. suum eggs from the
seeder pigs (Group 1A) was considerably less
on the Nose-ring pasture than on the 2 control
pastures. This is probably the reason for the
somewhat lower levels of serum antibody in all
the subsequent pigs on this pasture with
(Groups 1B, 2, and 3) or without nose-rings
(Tracer).

The fact that the nose-rings did affect pig beha-
viour but apparently not parasite transmission
suggests that, although rooting was reduced, the
pigs still had sufficient contact with the pasture
surface to allow transmission to occur success-
fully. This is in accordance with the behaviou-
ral observations of Wendt et al. (unpublished),
who showed that grazing was not affected by
nose-rings, and that the pigs compensated for
their inability to root normally by rooting in the
wallowing area more frequently than the pigs
without nose-rings. Furthermore, it was shown
that faeces and, consequently, eggs and larvae
(Thomsen et al. unpublished) were unevenly
distributed on the pasture, resulting in an un-
even exposure distribution for individual pigs.
Very few large scale experiments have previ-

Acta vet. scand. vol. 41 no. 2, 2000



164 H. Mejer et al.

ously been carried out on pig helminth trans-
mission, and the results from the present ex-
periment provide novel information on the epi-
demiology of helminths in fatteners on pasture.
The results do however not indicate that giving
pigs nose-rings will provide a way of control-
ling helminth transmission as suggested by
Larsen & Roepstorff (1999). The overall trans-
mission rates in the current study were low, and
it is possible that nose-rings may have an effect
under other circumstances. Further work is
therefore needed before it can be finally con-
cluded, whether or not nose-rings may have an
effect on parasite transmission between free-
range pigs.
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Sammendrag
Neeseringe og transmission af helminther i udendors
grise.

Fem slagtesvin, som var eksperimentelt inficeret med
lave doser af Oesophagostomum dentatum, Ascaris
suum og Trichuris suis, blev sammen med 5 hel-
minth-naive grise bundet ud pa hver af 3 folde i juni
1996 (Gruppe 1). P4 én af markerne fik alle grise isat
en nzsering. Efter slagtning af grisene i Gruppe 1 i
oktober blev marksmitten underseggt ved hjlp af hel-
minth-naive tracergrise uden nase-ring. I 1997 blev
helminth-naive grise bundet ud pa de kontaminerede
marker 1 maj (Gruppe 2) og igen i august
(Gruppe 3). P4 den ene mark fik alle grise ring i
nesen. Alle grise og marker blev fulgt parasitologisk,
og nedslidningen af graesdaekket blev registreret. Ud-
fra den begyndende egudskilllelse af de helminth-
naive grise i Gruppe 1, blev det estimeret, at de forste
infektive parasitstadier blev udviklet p4 markerne i
lobet af 23-25 dage for O. dentatum, 5-6 uger for A.
suum og 9-10 uger for T. suis. Resultater fra tracergri-
sene og gras-/jordpraver indikerede, at marksmitten
var lav begge ar. De fritlevende stadier af O. denta-
tum overlevede ikke vinteren. Naeseringene reduce-
rede grisenes rodeadferd vasentligt med det resultat,
at graesdeekket ved forsegets afslutning var 3 gange
storre pd naeseringsmarken end péd de 2 kontrol-
marker. Alligevel pavirkede naseringene ikke para-
sittransmissionen signifikant.
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