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raised under outdoor conditions, indicating that significant transmission occurred soon after birth.
Trichuris suis is also transmitted as infective eggs.
which are highly resistant and may remain infective
for 11 years in outdoor conditions
(Burden et ul.,
1987). However, the eggs of this parasite develop very
slowly (Alicata, 1935; Burden & Hammet. 1976, 1979)
and this would greatly increase the risk of their being
removed before infectivity is reached indoors, which
may explain why whipworms are normally found only
sporadically (Roepstorff & Nansen, 1994). In contrast, access to outdoor facilities had been shown to
be associated with high T. suis prevalence rates (Alfredsen, 1983; Biehl, 1984), presumably because the
long lived eggs remain in the environment, and this
may result in clinical disease and even death (Jensen
& Svensmark, 1996).
Thus, the outdoor environment appears to increase
the risk for both ascarosis and trichurosis. Most studies on outdoor pigs, however, have dealt with helminth
species such as Oesophagostomum
sp. and Hvostrongylus
rubidus,
which are transmitted as free-living
infective larvae and, in contrast, very little has been
carried out on the transmission and epidemiology of
A. suum and T. suis in the outdoor environment.
Outdoor pig production is becoming more common
in Western Europe and there is a need for information
on the epidemiology
of A. suum and T. suis in pigs
raised under pasture systems. The study described
here was designed to provide information on infection
patterns and pasture infectivity over a 3-year grazing
cycle. The study also included Oesophagostomum
dentatum
and Hyostrong-vlus
rubidus,
and the data
on these parasites have been reported separately
(Roepstorff & Murrell, 1997).

MATERIALS

AND

METHODS

This study was designed to evaluate parasite transmission
over a 3-year period (1993-1995, Years l-3). Details on the
pastures, climate determinations, and experimental animals
and

protocol

have

been

described

in a previous

report

(Roepstorff & Murrell, 1997), and these aspects will only be
presented briefly here.
Parasites. The CEP-strains of both A. suum and T. suis
(strains used for most studies at Centre for Experimental
Parasitology)
were isolated in the winter of 1993 from a small
organic farm, which utilized only outdoor
rearing facilities.
Pigs had been kept on this farm for many years, and anthelmintics were never used. A. ~uum eggs were isolated from
fresh faeces and embryonated
in 0.1 N H,SOI for 3 months
(dark,
room
temperature),
conditions
which have been
shown to result in fully infective eggs (Oksanen
et al., 1990).
Infective eggs of T. suis were isolated from soil and passaged
once in helminth-ndive
pigs, and the eggs were isolated from
faeces and embryonated
in vermiculite,
as described
by
Burden & Hammet
(1976).

Murrell

Prolocol
Group I (continuous[l,
exposed pigs). Twenty-eight
pigs
were turned out on an experimental
pasture (8000m’)
in
early May. Year 1. and inoculated
twice by stomach tube
with 100 eggs of A. suum (18 and 19 May, week 20) and with
500 eggs of T. suis (13 and 14 July, week 28). As reported
elsewhere (Roepstorff
& Murrell,
1997). the pigs were also
inoculated
with 1000 infective larvae of 0. dentutum (week
20. mid-May)
and 5000 larvae of H. rubidus (week 24, midJune). Three pigs were removed at weeks 24. 28, 32 and 36
for necropsy and parasite analysis; the remaining
16 pigs of
Gr. 1 were necropsied
at week 40 (early October).
Group 4 (continuously
exposedpigs).
From late May 1994
of Year 2 (week 21) to early October
(week 40) 28 pigs
were continuously
exposed to infection
on the experimental
pasture. They were necropsied
for parasite analyses according to the protocol
followed
for Gr. 1 (Year 1).
Groups 2, 3, 5 and 6 (tracer pigs). Four groups of 15, 20,
21 and 3 pigs, respectively,
were placed on a helminth-free
pasture during the study. From May. Year 1. to October,
Year 2 (and in July, Year 3), sets of at least 3 pigs were
moved to the experimental
pasture, where they were exposed
to pasture contamination
for 14days. They were then held
in a helminth-free
indoor facility for 4 weeks to permit any
larvae present to grow to macroscopic
size. The pigs were
then necropsied
and their worm burdens determined.
Fuecal samples. Faecal samples were collected
rectally
from all exposed pigs (Gr. 1 and 4, and exposed tracers)
every 2nd week throughout the study. Samples from tracer

pigs on clean pastures were obtained every 4th week. Faecal
egg counts were determined
by the concentration
McMaster
technique
(sensitivity:
20 eggsg-’
(epg)), as described
by
Roepstorff
& Nansen (in press).
SoiL samples. By walking
a W-route
across the pasture,
samples of surface soil were collected
randomly
from the
experimental
pasture weekly (summer)
or fortnightly
(winter) and from the clean pastures every 4th week. Sixteen
grams of soil sample were mixed with tap water, and treated
as for faecal samples, except that several McMaster
chambers
were counted; this gave a sensitivity
of 1 eggg-‘.
Antibodv ass:say. The swine sera were tested for IgG antibodies specific against A. suum excretory/secretory
antigens
which were obtained from in vitro-cultivated
2nd stage larvae
(L2/L3-ES);
the indirect
ELISA
technique
employed
was
described in detail by Lind et al. (1993). Briefly, the wells
were coated with L2/L3-ES
antigen at a concentration
of
2.5pgml.
‘, pig plasma was diluted
10-l and horseradish
peroxidase
conjugated
rabbit-anti-swine-immunoglobulin
(DAKO,
code P164) was diluted 10m4. Positive sera (for A.
Saurn or 0. dentutum)
and normal pig serum controls were
included
in all tests along with a dilution
series of an A.
suum-positive
serum pool. After correction
for plate-to-plate
variation,
an optical density (O.D.)
cut-off value for discrimination
between Ascrrris-positive
and Ascaris-negative
serawasset
toO.D.=0.280(themean+5S.D.
of23 A.suumnegative/O.
denturum-positive
sera).
Necropsy.
The pigs were not offered any food at the day
of necropsy.
They were euthanized
by either a captive bolt
pistol or by CO2 suffocation,
followed
by exsanguination.
The small intestine, the liver and the lungs were immediately
removed.
The unopened small intestine was emptied by pressing luke-warm
tap water through
it twice. All intestinal
contents were washed with a stream of water on a 212~pm
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sieve. and the retentate was stored in 0.9% NaCI at 4’C
overnight. and then transferred to a large Petri dish held over
a light table. The worms were recovered and measured to
the nearest millimetre. The worms were differentiated as to
developmental stage according to the criteria of Pilitt et al.
(198 1). The 5th stage worms were aged according to length
criteria as follows: “Young adults”: 83, < 120mm; O$,
<150mm; and “Large adults”: 36. 2 120mm; 90.
>_150 mm. The pig‘s liver and the lungs were examined for
macroscopically visible lesions at the day of slaughter, and
liver white spots of the diffuse granulation-tissue type as well
as the lymphonodular type (Roneus. 1966) were enumerated.
As described for post mortem recovery of 0. dentatum from
pigs by Roepstorff & Murrell (1997), subsamples of 20% of
the large intestine contents were poured through a 212-pm
sieve, and the rinsed intestinal
wall was then incubated
in
saline overnight.
The incubation
fluid was then sieved
(20pm).
All retained samples were fixed in iodine for later
microscopical
examination
for T. suis.

Culrukutions and statistics. All calculations were performed
using the SAS,’ Release 6.04 software package. Pearson’s
correlation
coefficient
was used to evaluate
the linear
relationship
between the intestinal worm burdens (log transformed),
the faecal egg output (log transformed),
the numbers of diffuse hver white spots (log transformed)
and the
ELISA 0.D.s for the continuously
exposed pigs (exclusive
of Gr. 1 pigs necropsied
at weeks 24 and 28 and Gr. 4
pigs necropsied at weeks 27 and 31) and for the tracer pigs

(exclusive of Gr. 2 pigs, necropsied at weeks 28 and 32).
Thus. the continuously
exposed pigs were tested only after
12.-14weeks
of infection/exposure, and the tracer pigs were
tested only after they had grazed on the infective
experimental pasture.

RESULTS

No clinical signs of nematode infections were
observed in the pigs. At turnout in Year 1 (May 1993),
the experimental pasture had a lush grass cover. Due
to the pigs’ rooting behaviour,
the area became
denuded of vegetation during the summer and the
autumn of Year 1, and remained a dirt lot for the
whole of Year 2. The late summer of Year 1 was rainy,
but otherwise normal. and the winter periods of Year
1, early Year 2 was almost normal, with some periods
of freezing. The summers of both Years 2 and 3 were
very hot and dry. More detail on climate and pasture
appearance can be found in Roepstorff & Murrell
( 1997).

Ascaris suum
Continuously exposed pigs- Year I. The intestinal
worm counts from serial necropsies of continuously
exposed pigs (Gr. 1) (Table 1, Fig. 1) reveal that the
initial inoculations with 2 x 100 eggs at week 20 (Year
1) resulted in a range of O-120 young adult A. suum
4 weeks later, which decreased to O-49 large ascarids
8 weeks post-inoculation
(p.i.). Thereafter only low
numbers of mostly mature adults were found in the

Gr. 1 pigs. The adult worms were overdispersed within
the host population, ;asthe variance to mean ratio was
high (12.1 for the 16 pigs slaughtered at week 40). The
first A. suum eggs were found in faeces of Gr. i pigs
6weeks p.i. and the number of eggs excreted rose
rapidly to a mean of approximately
6OOepg at week
8 p.i., after which the excretion level was constanr (Fig.
2). Only a few hepatic white spots were obsenyed in
the Gr. 1 pigs at necropsy on weeks 24-32. but thereafter the pigs had a mean of 9 diffuse white liver spots
and 4 lymphonodular
white spots at necropsy (Fig. 11.
The ELISA results show that the mean IgG response
increased rather slowly until week 28; it then increased
rapidly. All pigs seroconverted between weeks 2‘1 and
32 (weeks ic-12p.i.).
Tracer pig.s--summer Year 1. Only 5th stage adult
worms were recovered from Gr. 2 tracers. The large
majority of the worm:< measured 80-l 50 mm. The data
from these tracer pigs indicate that the first transmission of infective eggs on the experimental pasture
occurred
at weeks 30-32 (Table
I.
Fig.
.T).
Subsequently, a variable low number (.O--26) of young
ascarids was found in the Gr. 2 tracers, and the number of hepatic white spots observed was always low
(Fig. 3). The ELISA t:est results on the sequential sets
of tracers (Fig. 4) show that the antibody response?
increased throughout the season,
Tracer pi,gS--winter
Year I--2. A low number ol
young ascarids was found in 55% of the Gr. 3 wmter
tracers (exposed October of Year I to April of Yca~
2), but hepatic white !spots were rarely recorded. Only
5 out of 20 pigs in this period seroconverted (Fig. 4).
C‘ontinuousl~ e.upti.red pigs--Year
3. The tminoculated pigs of Gr. 4 were turned out on to the
experimental pasture in May of Year 2 (week 21 f to
graze continuously. Continuously exposed pigs. necropsied on weeks 27 and 31 (6 and 10 weeks after
turnout) harboured low numbers of ascarids. mostly
young adults (Table 1). After this time, all worms
recovered were mature adults. All pigs necropsied at
weeks 31. 35 and 39 harboured at least 3 ascarids,
while only IO of the 16 pigs necropsied at week 43
harboured adult worms (the variance to mean ratio
was 29.5). The first positive faecal egg examinations
occurred at week 29 (S weeks after turnout); the mean
epg gradually increas’ed to 120&1500 by the autumn
period. The number of diffuse hepatic white spots was
highest at the last 2 autumn necropsy intervals (mean:
55 and 68. respectively). Nearly all pigs had iymphonodular
white spots from week 3 1 onwards (Fig.
1). The ELISA
tests show that the lirst seroconversions
occurred
by 6 weeks after turnout
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Table l-The
Ascaris ~uum worm counts (mean and min.-max.)
of all groups of continuously
exposed pigs and tracer pigs.
The Gr. 1 pigs were experimentally
infected in week 20 (total of 200 infective eggs) to initiate parasitic contamination
of the
experimental
pasture, while all other groups were infected through
natural exposure
Continuously
Young
Week”

(date)

No. of pigs

exposed pigs
adult”

A. suum

Tracer
Large

A. suurn

adultb

Year
24
28
32
36
40

(15 June)
(13 July)
(10 Aug.)
(7 Sept.)
(5 Oct.)

3
3
3
3
16

Group
40
<l
0
3
<1

1
(C-120)
(o-1)
(-)
(O-7)
(o-1)

Weeks‘ of
exposure (date)

No. of pigs

C-1
(@49)

WI
(&lo)

(G-26)
Year

l-Year

22-24
2628
30-32
34-36
3840

(I June-15 June)
(29 June-l 3 July)
(27 July-10 Aug.)
(24 Aug.-7 Sept.)
(21 Sept.-5 Oct.)

Year
27
31
35
39
43

(6 July)
(3 Aug.)
(31 Aug)
(28 Sept.)
(26 Oct.)

3
3
3
3
16

2
3
3
3
3
3

(-)
(-1
P-26)
(O-l 1)
(&lo)

43-45 (26 Oct.-9 Nov.)
4749 (23 Nov.-7
Dec.)
51-l (21 Dec.4 Jan.)
3-5 (18 Jan.-l Feb.)
7-9 (15 Feb.-l
Mar.)
13-15 (29 Mar.-12
Apr.)

3
3
3
3
3
3
5

Group
21-23 (25 May-8
June)
25-27 (22 June-6 July)
29-3 1 (20 July-3 Aug.)
33-35 (17 Aug.-31
Aug.)
37-39 (14 Sept.-28 Sept.)
4143 (12 Oct.-26 Oct.)

5
3
3
3
3
5
4

12
21
3
<l
<1

Group

6
3

9

3
3
<1
I
2

(o-3)
(l-5)
(O-5)
(o-1)
(o-3)
(Q-7)

2

4
C&5)
(3-l 1)
(o-3)

A. suumd

2
Group

Group
2
7
2
2
1

Total

I
Group

0
16
4
5
4

pigs

C-1
(14

(l-6)
G-8)
(o-59)

(4-7)
((t-37)
(743)

G-6)
(O-1)
(o-1)

Year 3
27-29

(5 July-19

July)

“Week of necropsy.
bA. SUUM adults were aged according to length, as follows: young adults: &$: < 120mm, 99: < 15Omm;
2 12Omm, 99: 2 150mm.
“Weeks of exposure to the contaminated
pasture (the pigs were necropsied
4 weeks after exposure).
dThe majority
of worms were 8&150mm
in length, no egg producing
females found.

(o-26)

large adults:

33:

although the lastpig of the group did not seroconvert ber of Year 2) revealed < 1 unembryonatedA. suum
until week 37 (week 16post-turnout).
egg g-’ of soil; however, 2/3 of all eggsfound were
recoveredin a singlesample.
Tracer pigs-summer
Year 2. During the summer
Tracer pigs-summer
Year 3. The 3 final tracer pigs
monthsof Year 2, Gr. 5 tracers,exposedto infection
in Juneand July, acquiredmore ascarids(rangeB-43 (Gr. 6) pickedup a largenumberof overwinteredeggs
worms)than subsequent
tracersexposedfrom August during the dry summerof Year 3, and the numberof
to November (Table 1). The numbersof diffuse and liver white spotswasalsorelatively high (Table 1, Fig.
lymphonodularwhite spots,however,exhibiteda con- 3). Likewise, the antibody levels in thesepigs were
trasting trend and increasedto very high levels in alsohigh (Fig. 4).
the last 3 tracer subgroups(Fig. 3). The antibody
Correlations between measures of A. suuminfection.
responsesof the Gr. 5 tracer pigs (Fig. 4) also
In the continuouslyexposedpigs,the numberof intesincreased dramatically during the late summer
tinal worms waspositively correlated with eggshed(exposure in August-October) (Fig. 4). The seroding (P = O.OOOl),but there were no significant
logical responses
often decreaseda little after the tracershad beenhousedin a helminth-freeenvironment correlationsbetweeneggcountsand worm counts vs
antibody levels,eggcounts and worm countsvs liver
for 4 weeks.
white spots,and antibody levelsvs liver white spots.
Soil samples. Flotation of soil samplesfrom the In the tracer pigs the number of intestinal ascarids
experimentalpasture(from August of Year 1 to Octo- was not significantly related to the number of liver

A.

SUUWIand T. suis transmission in pigs on pasture

Gr.1

Gr.4

Year 1

Year 2

‘W7

Fig. I. Mean number of intestinal A. suum (columns, left y-axis), mean number of lymphonodular white spots (a - ~- D.
left y-axis) and mean number of diffuse (granulation-tissue type) white spots (*----*,
right y-axis) in continuously
exposed pigs (Gr. 1 and 4). Three pigs were necropsied at the week indicated, except for weeks 40 (Gr. I) and 43 ((3. 4').
when 16 pigs were necropsied.

white spotsor to the pig antibody levels. However,
antibody levels and liver white spots had a strong
positivecorrelation (P = 0.0001).
Trichuris suis
The Gr. 1 pigswere inoculatedwith 1000infective
eggsof T. suisin mid-July of Year 1, and 840worms
were recovered per pig 8 weeks later (Table 2), at
which time the mean egg count was about 800epg
(Fig. 2). Thereafter, the egg counts declinedsharply
and only 33 wormswere recovered per pig in early
October. No tracer pigs becameinfected with this
parasiteduring the summerof Year 1 and the winter
of Year l-2. The continuously exposedpigs of Gr. 4
(summerof Year 2) werenegativefor T. suisuntil late
September,when pigsnecropsiedat that interval had
a mean of 84 worms. In late October the Gr. 4 pigs
had a meanof 172worms.This pattern wasrepeated
in the Gr. 5 tracer pigs(alsothe summerof Year 2).
whichwerenegativeuntil exposedin August-October.
However, the tracer pigs generallyharboured higher
worm burdens than the continuously exposedpigs.
The tracer pigs of Gr. 6 acquired a mean of 212 T.
.suisduring exposurein July of Year 3. Only 1out of 32
soil samplesfrom the experimentalpasturecontained

eggsof T. suis(unembryonated).The numberof intestinal T. suis in the continuously exposedpigs was
positively correlatedwith the eggoutput (P=O.0OOl).
IX!KXJSSION

Ascarissuum
The first excretion of A. suumeggsoccurredon the
experimentalpasturein the first half of July of Year
1(Fig. 2) and consequentlythe first tracer pigsbecame
infected in late July-early August. This showedthat
A. suumeggsmay embryonateon a pasturewithin 46weeksduring a normal Danish summer,as occurs
under indoor conditions in England (Connan, 1977;
Stevenson,1979) and Sweden(Nibson, 1982).The
winter tracers and the pigs grazing the experimental
pasturein the early summerof Year 2 revealedthat
someinfective eggsoverwintered, and the summer
tracersof Year 2 showedthat transmissionincreased
dramatically in August of Year 2. This ,4ugust
increasein transmissionmay have beenthe result of
maturation of overwintered eggs or rapid deveiopment of new eggsor both. The first possibihty is
supportedby M. L. Larsen’s(M.Sc. thesis,University
of Copenhagen.1996)observationsthat A. SKUW~ eggs
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Gr.1

20

24

23

32

36

Gr.4

40

Year 1

20

27

31

36

39

43

Year 2

Fig. 2. Faecal egg counts (eggs gg’ faeces) of A. sum (**, right y-axis), faecal egg counts (eggs g-’ faeces) of T.
suis (O-- -0, right y-axis), and mean ELISA response (specific IgG response against A. suum L2/L3-excretory-secretory
0, left y-axis) of continuously exposed pigs (Gr. 1 and 4). All results are mean values of 28 pigs (at the
antigens, q ---start of the grazing season) to 16 pigs (at the end of the grazing season). Sera with O.D.s>0.280 are regarded as A. SUUMpositive.

in faeces, deposited on short grass or in bare soil in
October-March,
survived in measurable numbers and
embryonated during the following summer, a scenario
described for indoor conditions
(Stevenson, 1979;
Nilsson, 1982); almost all A. suum eggs deposited on
the pasture during the drought in July 1994 in Larsen’s
concurrent study died very quickly. However, this
does not rule out the possibility
that new eggs
developed rapidly during the drought in protected
environments (e.g., the wallowing facility).
After the first eggs of A. SUUM had embryonated
on the pasture in late July-early August of Year 1,
approximately
half of the exposed tracer pigs harboured a low number of young intestinal ascarids at
necropsy (Table 1). However, it is difficult to draw
conclusions about seasonal variation in the transmission rate on the basis of intestinal worm counts
alone. The tracers were exposed for a fixed period of
time followed by 4 weeks in quarantine, and therefore
their course of infection may resemble experimental
primary infections, which have been shown often to
result in the expulsion of immatures from the small
intestine during the 3rd week of infection, resulting in
an almost dose-independent
number of large immatures and adults (Roepstorff, unpublished). Therefore,
a correlation may not be expected between pasture

infectivity and the intestinal worm burdens 4-6 weeks
later; in fact, if any relationship exists, it may even be
negative, as described by Jarrgensen et al. (1975). This
is in contrast to the results from the same tracer pigs
exposed to Oesophagostomum
dentatum and Hyostrongylus rubidus, which had greater correlations
between post mortem worm counts and pasture contamination (Roepstorff & Murrell, 1997).
Better indicators for environmental contamination
and transmission may be antibody determinations and
liver white spot estimations. The present ELISA technique is very sensitive in repeatedly infected pigs,
which typically seroconvert within 2-4 weeks depending on dose level (Lind et al., 1993). The serological
responses of the tracer pigs in this study (Fig. 4) indicate that a moderate, but continuous, transmission
took place in the autumn of Year 1, followed by a
lower transmission
in the winter and spring. By
August-October
of Year 2 a very high transmission
rate occurred, and tracers exposed during the 3rd summer (July 1995) had a more moderate transmission
level. Hepatic white spots also reflect the migration
of immature ascarids (Roneus, 1966), and in singly
exposed pigs, white spots indicate larval migration
within the previous 2-3 weeks (Roepstorff, unpublished). Eriksen et al. (1992) showed that the number

A.
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Gr.3

Gr.5

509

Gr.6

/
400

Fig. 3. Mean number of intestinal A. suum (columns, left y-axis), mean number of lymphonoduiar white spats ([3---- .-.- c].
left y-axis). and mean number of diffuse (granulation-tissue type) white spots (*----*,
right -v-axis) in tracer pigs. The Xaxis shows the weeks of exposure to the contaminated pasture. There were 3 pigs per necropsy, except for weeks 19 (Gr. 3’1
and 43 (Gr. 4), when 5 pigs were necropsied.

of liver white spotsincreaseduntil weeks6-9 under
continuous exposure, and thereafter gradually
declined to low levels, even though reinfection
continued. Basedon this finding, the very low numbersof liver white spotsobservedin the tracer pigs
throughout Year 1and early Year 2 areinterpreted as
the result of continuouslight to moderateinfections,
which resultedin the majority of the liver white spots
resolving prior to necropsy. In contrast, the large
numberof white spotsin late summerand autumn of
Year 2 indicate intensetransmissionwith severeliver
inflammation,too intenseto be resolvedprior to necropsy. Thus, the ELISA resultsand the liver white
spotdata of the tracer pigsboth supportthe interpretation that pasturetransmissionvaried seasonally,and
that suchmeasurements
are more sensitiveindicators
of pastureinfectivity than the intestinalworm burdens
alone.
After someweeksof exposure,the adult A. suum
recoveredfrom the continuously exposedpigsof both
Gr. 1and4 werestrongly overdispersed
(high variance
to meanratios) within the hostpopulation, a common
observation in many hehninth infections, including
singleA. SUUI?Z
infections(e.g.,PetkeviEiuset al., 1995;
Roepstorff, unpublished).The finding of very few
young adultsduring the late summerand autumn of

Years 1 and 2 and the absenceof an increasein total
worm counts, indicate that infective eggson the pasture did not contribute significantly to the intestinal
worm population, once the pigs had been infected.
This correspondsto the resuksof Eriksenrt ul. (1992)
who found very few migratinglarvae 3-l 4 weeksafter
the first inoculation in repeatedlyinfected pigs,irrespective of whether the pigs harboured an existing
population of reproducingadults or not, and it indicates that adults may somehowevade an intestinal
immune responsethat is effective against invading
larvae.
The numbersof diffusewhite spotswerequite low
in the Gr. 1 pigs(Year 1), and low to moderatein the
Gr. 4 pigs(Year 2). However, many of the pigs (Gr.
1) in the autumn of Year 1 and nearly all Gr. 4 pigs
of Year 2 developedlivers with numerousscars,presumably representingrecovered white spots, comparableto livers recoveredfrom continuouslytrickleinfectedpigsreportedin Eriksenet al. (1992).In singly
infectedpigslymphonodularwhite spotsdevelopconsiderablylater during the courseof infection. but persistmuch longer (RoepstorfT,unpublished).Thus the
rather consistentnumber of lymphonodular white
spotsof the continuously exposedpigs(Gr. 1 and 4)
reflect the chronic character of the infections. From
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3

7
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Year 1

21
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37

41

Year 2

27

Year 3

Fig. 4. Mean ELISA response (specific IgG response against A. suum L2/L3-excretory-secretory antigens) of individual
subsets of tracer pigs from the day of introduction to the contaminated pasture until the day of necropsy, 6 weeks later. All
subsets consisted of 3 pigs, except for 5 tracers exposed in weeks 13-15 (Gr. 3) and 5 tracers exposed in weeks 37-39 (Gr. 5).
Sera with O.D.s>0.280 are regarded as A. suum-positive. The fraction of pigs, that seroconverted before necropsy, are
shown for each subset.

the data on worm population distribution, recovered
livers, and high antibody levels,it is understandable
that no significantcorrelationsexistedbetweenthese
3 measures
in the continuouslyexposedpigs.This lack
of correlation should be considered when interpretating the results of prevalence studies where
chronic infectionsare involved.

require between62 and 90weeksto complete their
development.The plot study by Larsen(thesiscited
above) confirmed this; the eggsof the CEP strain of
T. suisrequire l-2 summerseasonsto reach infectivity. In contrast to the slowembryonation,infective
eggshave beenshownto survive for 11years(Burden
et al., 1987) and therefore it is not surprisingthat
significantnumbersof T. suiswereacquiredby tracer
pigsin July of Year 3 (Table 2). It is striking that the
tracersin late Year 2 (Gr. 5) harbouredlarger worm
burdensthan the continuously exposedpigsof Gr. 4
(Table 2). BecauseCr. 4 weremore exposedto infective eggsthan the tracers, a stronger host immune
responsedevelopedthat reducedthe intestinalworm
burdensto a level below that of the tracers.Jensen&
Svensmark(1996)observedin a Danishpig herd severeclinical symptomsin a group of smallpigs,turned
out on an area with 5&245 T. suiseggsgram-’ soil.
The continuously exposedpigs in Year 2 (Gr. 4) of
the present experiment were larger (60-80kg body
weight mid-August) and did not pick up comparable
numbersof eggs(< 1eggg-’ soil). This may explain
why the pigswere able to control their infections at
subclinicallevels. In pigs raisedin outdoor organic

Trichuris suis
A high percentage(84%) of the inoculated T. suis
eggsestablishedin the Gr. 1 pigs, but their egg
excretions lasted only for about 1month and they
were expelled 8-12weeks post-inoculation, presumablyasa result of acquiredimmunity (Powerset
al., 1959).Most eggsweredepositedon the pasturein
Septemberof Year 1 and did not appear to become
infective before August of Year 2, as none of the
tracers or the continuously exposed pigs became
infectedbeforethat time (Table 2). This interpretation
is supported by the finding of Alicata (1935), who
showedthat T. suisrequireshigh temperaturesfor
embryonation,and by Burden& Hammet(1979)who
found that although embryonation may succeed
within 1 summerseason,the large majority of eggs farms (Roepstorff

et al.,

1992), large

differences

<‘7,

A. SULI~and T. suis transmission in pigs on pasturi:

Table “--The Trichuris suis worm counts (mean and min.-max.) of all groups of continuously exposed pigs and tracer pigs.
The Gr. 1 pigs were experimentally infected in week 28 (totally 1000 infective eggs) to initiate parasitic contamination of the
experimental pasture, while all other groups were infected through natural exposure
Continuously exposed pigs
Immature
Week” (date) No. of pigs
T. suis

Tracer pigs
Week? of
exposure (date)

Adult T. suis

No. of pigs

Year 1
24(15June)
2X (13 July)
32 (10 Aug.)
36 (7 Sept.)
40 (5 Oct.1

3
3
3
3
16

Group 1
0
(-)
481: (E6q
113
0

(40-240)
(----)

0
0
72::

C-E)
(-1

WO)

33

(600-800)
(O-465)

Group
22--24 (1 June-15 June)
2628 (29 June-13 July)
3&32 (27 July-10 Aug.)
3436 (24 Aug.-7 13ept.)
3840 (21 Sept.-S Get.)

2
3
3
3
3
3

Year I-Year 2
Group
4345 (26 Oct.-9 Nov.)
4749 (23 Nov.-7 Dec.)
51-l (21 Dec.4 Jan.)
3-5 (18 Jan.- 1 Feb.)
779 (15 Feb.-l Mar.)
13-15 (29 Mar.-l2 Apr.)

3
3
3
3
3
3
5

Group
21-23 (25 May-8 June)
25-27 (22 June-d July)
29-31 (20 July-3 Aug.)
33335 (17 Aug.-31 Aug.)
37-39 (14 Sept.-28 Sept.)
41-43 (12 Oct.726 Oct.)

5
3
3
3
3
.:

627
966
76X

Group 6
3

21:

Year 2
27 (6 July)
31 (3 Aug.)
35 (31 Aug)
39 (28 Sept.)
43 (26 Oct.)

3
3
3
3
16

Group 4
0
:=i
0
0
t-1
32 (10-75)
98
(C-655)

O
0
0
52
174

t--j
C-j
C-1
(40-70)
(6925)
Year 3

27-29 (5 July-19 July)

0
0
0

i
(
f
I -)

(2OS.925)
3815)
.n 2440)

(56(J-

(SO -360)

“Week of necropsy.
“Weeks of exposure to the contaminated pasture (the pigs were necropsied 4 weeks after exposure)

betweenindividual herdswere observed.Only 1 out
of 12herdsstudiedhad heavy T. suis infectionsand
clinical problems,while the pigs in the other herds
appearedto control the parasiteto subclinicallevels,
perhapsbecausepasturerotations systemswereused.
In contrast, the other commongeohelminth,A. suum,
which alsohasresistantand long-livedeggs,produces
more eggs,which have a shorter embryonation time,
features which may explain why A. mum seemsto
be more difficult to control in organic farm systems
(Roepstorff et al., 1992).
The presentstudy emphasizes
that helminths,which
are transmittedby infective eggs,are difficult to control in outdoor pig rearing,becausethe eggsarelonglived and overwinter to a muchgreaterextent than do
the infective larvae-transmittedhelminths 0. dentaturn and H. rubidus (Roepstorff & Murrell, 1997).On
the other hand, recent observationson cohorts of A.
.suumand T. suis eggshave shownthat they may still
face very high mortality rates under field conditions
(Larsen,thesiscited above), and therefore the biotic/
abiotic factors that influence the developmentand

survival of the eggstonpasturesneedto be identified.
Such knowledge will help in the design of :i biologically-basedcomrol strategy suitable for these
farming systems.
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